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Abstract
The internal economic geographical structure of China, the fastest growing emerging economy, is also changing. In the first 20 years of the twenty-first century, two of the top ten economic output provinces have changed their seats, which leads to a series of scientific questions: why and how has China’s regional development advantage changed? What guides regional development? This book analyzes the changes of regional development advantages from the dynamic perspective of regional innovation process and emphasizes the importance of regional innovation model analysis from the perspective of evolution. The literatures about the regional innovation and evolutionary economic geography are reviewed. This chapter describes the innovation from zero to one to agglomeration and specialization. The phenomena of industrial clusters, knowledge spillover, and path dependence are explained based on evolutionary economics.
1.1 Motivation
China is currently experiencing the problem of insufficient and unbalanced regional development, which is underpinned by the imbalance in regional development dynamics. Therefore, addressing regional innovation is crucial to promoting regional development. The regional innovation is not homogeneous in space due to the diversity of regions in terms of natural endowments, economic performance, transportation accessibility, and human resource availability. Innovation activities take place in space, and there are interactions between regional innovations (Cooke et al., 1997). Therefore, to improve regional innovation capacity, it is needed to explore the reasons for the formation of the spatial distribution of regional innovation in the first place, which is one of the topics of this book.
The differentiated nature of regions leads to different paths of regional innovation development, and it is not feasible to replicate the innovation governance experience of developed regions, which means that there is no universal regional innovation model. Regional innovation models is the result of regional innovation evolution and also the reflection of regional development governance policies. The large body of literature evaluates the quantity and quality of the elements of regional innovation systems and defines their regional innovation models, which to some extent explains the sources of regional innovation differences, but does not address the issue of the “development” of regional innovation.
Innovation is the variation in a evolution processes. The regional innovation is the irreversible and dynamic process; therefore, it is essential to analyze regional innovation strengths in a developmental perspective. The cases of Shandong Province and Jiangsu Province serve to illustrate the necessity of a dynamic perspective on regional innovation. Shandong Province and Jiangsu Province were comparable in terms of economic output, the number of patents and new product sales, and the intensity of research and development (R&D) investment, in 2001. But by 2020, the situation had changed dramatically. The number of invention patents in Jiangsu Province was 2.29 times higher than that of Shandong Province, and the main sales of new products was 2.31 times higher. The gap in regional innovation performance is also gradually reflected in economic performance. Jiangsu Province’s GDP is 1.40 times that of Shandong Province, a difference of 0.47 trillion dollars. These facts reveal to us that it is difficult to uncover the deep-seated innovation development potential and the direction of innovation development by analyzing static innovation models with innovation indicators. Therefore, it is necessary to analyze regional innovation models with a dynamic perspective. This is also a dark cloud in the field of regional innovation, that is, the issue of the evolution of regional innovation in a dynamic perspective.
The dynamics of regional innovation have not been well addressed for the following reasons: (a) Region and space are concepts that must not be confused. In essence, the space is an abstraction of the earth’s surface, and the region is its filler. The region is an economy with economic system, ecosystem, industrial structure, spatial structure, and human structure in a spatial scope. The region is a system. This makes the study on the evolution of regional innovation a complex systemic issue. (b) In order to explain and analyze the pathways and dynamics of regional innovation development from a dynamic perspective, scholars introduced the concept of “regional innovation models” at the beginning of this century, but without a clear definition, which also shows the frontiers of the dynamic development of the regional innovation. (c) The differentiated nature of regions makes the regional innovation development paths different, and it is not feasible to replicate the innovation governance experience of developed regions, which means that there is no universal regional innovation model. (d) The regional innovation model is the result of regional innovation evolution and the reflection of regional development governance strategies. This implies that regional innovation is a matter of governance adapted to the local context and to the time.
To address the above issues, this book takes an evolutionary perspective to understand regional innovation models. And based on evolutionary theory (Winter & Nelson, 1982), combined with the theory of national competitive advantage (Porter, 1990), and the theory of innovation bias (Poschke, 2018), this book analyzes the phases of regional innovation model evolution, direction, and selectivity and their impact on the economy.
Innovation is the driving force of regional development, and different innovation models harbor different driving effects on the regional economy depending on the different innovation subject and the different innovation resources. Clarifying the mechanisms and effects of innovation on the economy is the only way to guide the evolution of regional innovation models at the governance level. The analysis of not only the impact of innovation on overall economic output but also the magnitude of changes in innovation by industry output, domestic demand, market prices, welfare, corporate income, international trade, etc. will ensure that the strength of regional innovation governance policies is appropriate.
However, the impact of innovation on the regional economy affects all aspects of the economic system and is not limited to a certain sector or area but includes the entire economy. The process of innovation activities acting on economic development is a systemic project with a long chain of transmission and complex mechanisms. This poses a challenge to the traditional approach, which is the second dark cloud in the field of regional innovation research, that is, the mechanism and extent of the impact of innovation on the regional economy.
The computable general equilibrium simulation model is a comprehensive and integrated approach to macroeconomics analysis. This model is capable of describing the complex processes of inter-sector consumption, inter-period linkages, and inter-period dynamics of economic agents and ultimately produces quantifiable results that can be examined. The dynamic computable general equilibrium model further takes into account the inter-period characteristics of economic behavior, and the combination of the general equilibrium and endogenous economic growth helps to analyze the cumulative impact of continuous policy factors and to track changes in various economic variables. In this book, the dynamic macroeconomic simulation model will be applied to simulate and calculate the dynamic impacts of different regional innovation models on various dimensions of the regional economy, the results of which would be useful in the formulation of regional innovation policies.
This book focuses on the two dark clouds of regional innovation evolution and the impact of innovation on regional economies.
1.2 Regional Innovation
The region is a territorial unit with an essentially complete economic structure that plays a specific role in the national economic system (Isard, 1966). Regional science is closely tied to economics, geography, management, and systems science. Regional innovation is the exploration of the patterns of innovation activities that take place at the regional level, which was first developed from the National Innovation System (NIS) theory and then became an independent theory.
In the 1980s, the regional, geographical, and systemic connotations of innovation received scholarly attention, with the Swedish economist Lundvall pioneering the concept of the “national innovation system,” which emphasized the role of the national innovation environment in technological innovation. Freeman (1987) pointed out that Japan relied on the combination of organizational innovation and technological innovation to rapidly turn around its economy, suggesting that the NIS was the network of innovation between public and private institutions, with the interaction of different institutions facilitating the development, improvement, and diffusion of new technologies. Of course, different national innovation systems do not follow the same path of improvement.
In the 1990s, the state as a type of region, the theory of regional innovation systems (RIS) was generalized with the development. Cooke (1992) found from the historical experience of Germany, France, and the UK that interactive learning could accelerate organizational responses. The term “regional innovation system” was first proposed as an organizational network or mechanism of operation within a given geographical area through the close and frequent interactions between innovation agents. Cooke and Morgan (1994) suggested that a regional innovation system should have three key elements: a collaborative network of innovation agents, skills training institutions, and adequate public and private investment in R&D. Cooke et al. (1997) further defined regional innovation as the interactive learning and spillover of firms and related institutions in a given institutional environment. Following this, Braczyk et al. (1998) proposed that regional innovation systems were locally rooted and systematically organized systems consisting of interconnected neighboring innovation agents. The interactions between innovation agents were nonlinear and complex, and the strength of the interactions was influenced by the distance between innovation agents. They presented five elements of a regional innovation system: region, innovation, network, learning process, and interaction.
In Regional Innovation Systems, Aggregation and the Knowledge Economy, Cooke (2001) synthesized theories of regional science, economic geography, and innovation to analyze innovation systems in different regions and pointed out that the innovation gap between Europe and the USA lied in over-publicized policies that led to market failures. The initiative regional innovation systems need more support from private R&D institutions. Further, Cooke (2002) in Regional Innovation Systems: New Findings in Bio-clusters focused on interactive innovation from a bio-cluster perspective, arguing that the interaction of firms and other institutions within and outside the system was important in opening up the innovation potential of the region.
In addition to Cooke, Wiig and Wood (1995), Mothe and Paquet (1998), Asheim and Isaksen (2002), Bo et al. (2002), and others have discussed the concept of regional innovation systems from different perspectives. Autio (1998) identified two subsystems of regional innovation systems: the development of knowledge applications and the diffusion of knowledge production. Doloreux (2004) and Doloreux and Dionne (2008) defined regional innovation systems in such a way that they were limited by the regional environment, including the culture of innovation, the facility base, the manufacturing base, and the policy regime. Asheim and Dunford (1997) and Asheim et al. (2011) argued that a regional innovation system was the combination of institutional conditions, facility conditions, and industrial structure within a region and that the regional innovation system was based on industrial agglomeration.
Other scholars have also conducted several extended studies on regional innovation. Krugman (1991) and Porter (1998) analyzed the spatial characteristics and mechanisms of regional innovation from the perspective of industrial agglomeration. Lundvall (1992) proposed the theory of regional innovation networks, which were channels for knowledge flows and played an important role in the creation and diffusion of knowledge within a region (Lundvall, 2007). Cantner et al. (2010) emphasized that such network relationships constructed among regional innovation resources were at the core of regional innovation systems. Sakakibara (1997) and Etzkowitz and Leydesdorff (1997) proposed a triple helix theory of firm, university, and government interaction in a region, which in turn emphasizes the synergy inherent in regional innovation (Leydesdorff & Fritsch, 2006; Strand & Leydesdorff, 2013).
The above theoretical analysis shows that the public sector is an important component of the regional innovation system and the institutional environment highly influences the regional innovation capacity. Therefore, the study of regional innovation policy is not only about market orientation and regulation but also an important component of regional innovation system construction. Cooke and Memedovic (2003) emphasized that regional innovation systems are “top-down,” highlighting the important role of government in regional innovation systems, and gave three important reference factors for regional policy formulation: advantageous industries, imbalance between supply and demand, and spatial scope of innovation activities. Courvisanos (2003) established a more comprehensive policy framework for regional innovation development in terms of location advantages, development opportunities, knowledge spillovers, infrastructure, innovation environment, and financing mechanisms. Kuhimann (2004) divided policy instruments into broad (public demand and purchases, systemic measures, education and training, and public policies) and narrow (institutional and institutional support, financing mechanisms, infrastructure, and technology transfer mechanisms). Nowadays, scholars paid attention to the important role of promoting interaction and communication among innovation agents and taking advantage of synergies as an important complement to regional innovation policy recommendations (Laranja, 2004).
1.3 Evolution Economics
In the eighteenth century, evolution was first introduced by Spencer (1857), who considered that the so-called advances were not simple growths but that things inevitably grew more complex as time progressed (Spencer, 1898). He further named the mechanism by which things become more and more complex from simple as evolution. Darwin (1872) established the theory of biological evolution guided by the concept of evolution, and he introduced the mechanism of selection to make populations more adaptive to their environment. In the 1960s, Rostow (1960) published The Stages of Economic Growth, which brought “evolution” back to its original meaning, i.e., stages of merit search, rather than implying progress. In the 1980s Winter and Nelson (1982) formally introduced “evolutionary economics,” which inherited and developed several evolutionary theories such as selection, heredity and variation, nonlinear dynamics and complexity, convention, path dependence, aggregation and specialization, and networking, making evolutionary economics one of the mainstream schools of economics.
After economists incorporated space into their analytical perspective, they wished to further analyze economic geography through a dynamic and historical perspective, and evolutionary economic geography came into being. The spatial structure of the economy is not only the result of development but also the influencing factor on the development process. Evolutionary economic geography is concerned with how the spatial structure of the economy arises and how it is changed through innovation (Boschma & Martin, 2007). Economic activity occurs in uneven geographical locations and the spatial organization of the existing economic landscape (economic production, circulation, exchange, distribution and consumption) was changed over time by innovation (Ramlogan & Metcalfe, 2006). The focus of this book lies in understanding the mechanisms of the process of spatial pattern changes in the economy, explaining issues including the systemic interaction of economic agents, the spatiality of innovation occurrence, the uncertainty of innovation generation, and the uncertainty of innovation direction.
This section explains the three theoretical concepts of evolution: the Darwinian laws of biological evolution (selection, retention, and variation) (Witt, 2003; Metcalfe et al., 2005; Essletzbichler & Rigby, 2007; Rigby & Essletzbichler, 1997), the path dependency (inertia and lock-in) (Martin & Sunley, 2006), and complex systems (Beinhocker, 2006; Potts, 2000; Foster, 2005; Frenken, 2006; Martin & Sunley, 2007; Rosser, 2009).
Evolutionary economics emphasizes history, routines, environment, institutions, and interactions. Enterprises are the main drivers of evolution (Pavitt, 1984). Economic agents, even with complete information, do not reach optimality because of the presence of uncertainty and the inability to predict the behavior of other agents (Simon, 1972; Heiner, 1983). Under the ideology of evolutionary economics, economic agents are not homogeneous, but unique and use differentiated capabilities. From the evolutionary perspective, the importance of innovation as a competitive advantage of economic agents is increasing (Penrose, 2009), and the essence of innovation is a complex process of value creation. Economic agents acquire knowledge from learning, and although the outcome of learning is not predetermined, economic agents expand the range of innovation opportunities through learning, which in turn increases the possibility of economic progress (Arthur, 1994).
1.3.1 Selection
Economic agents are heterogeneous, and such differentiated characteristics influence individual choices for economic development and are inherited and mutated over time, the dynamic process that is evolution (Hodgson, 1993; Metcalfe, 1998). Economic agents have the certain stability (inertia) for decision-making, and in the process of economic evolutionary model, inertia is equivalent to the genetic role in biological evolution, which gives continuity to firm characteristics (Winter & Nelson, 1982). Inertia maintains the differences of different economic agents, the existence of differences leads to selection, and the process of economic evolution goes on all the time (Hodgson & Knudsen, 2004). The existence of selection means that some firms are eliminated and new ones join the competition while changing the relative efficiency of economic agents. In general, more efficient firms, which are able to convert equal inputs into higher revenues, are more likely to expand in size after undergoing a dynamic selection process (Metcalfe, 1998). But subject to uncertainty, the outcome of selection does not necessarily lead to be progressive, i.e., it is not always the efficient firm that is finally selected (Andersen, 2004). The efficiency of a firm is environment-dependent, and the firm that is efficient in a given environment may be inefficient when the environment changes (Hodgson & Knudsen, 2006a).
Under rationality assumption, firms pursue profit maximization and efficiency maximization. But given the uncertainty of the future, efficiency cannot be known in advance, only by waiting for market validation. Therefore, firms have to innovate, develop new products, improve new processes, expand into new markets, and try new management models, as every firm does (Schumpeter, 1942). At the same time, however, firms are limited by information asymmetries and uneven capabilities, and heterogeneity and diversity become inevitable by-products of innovation (Alchian, 1950). Differences exist, selection takes place, and economic evolution is naturally formed (Hodgson, 2002; Simon, 1957).
1.3.2 Variation
Variation is the basis of selection and retention and could be considered as the core of evolution, but it cannot be understood simply as the change. The presence of variation ensures that evolution continues, and variation creates new opportunities, meanwhile, some variation is discarded (Amin & Roberts, 2008). The outcome of evolution depends on variation and the ability to retain adaptive variation.
Not only does variation provide the possibility to adapt to an uncertain future environment; variation itself also breeds opportunities (Holcombe, 2007). Firstly, the variation of economic agents will affect the economic environment and indirectly provide opportunities for other economic agents to adjust. Secondly, variation, especially innovation in products, processes, and business models, may create wealth to increase market breadth. Finally, variation may open up markets that did not exist before, providing access to more economic agents.
Economic evolution is more complex than the evolution at the biological genetic level, with processes of variation, selection, and retention occurring at all levels and organizations of social systems (Dennett, 1995; Hodgson & Knudsen, 2006b). New variation results in the uneven spatial distribution and changes over time. Variation is created in some region, and due to the heterogeneity of regional knowledge stocks, variation may spread to other regions and be exploited, and creation and diffusion are interactive (Nooteboom, 2008). Variation is created in some regions, and due to the heterogeneity of regional knowledge stocks, variation may spread to other regions and be exploited, and creation and diffusion are interactive (Nooteboom, 2008). At the same time, there are gaps in the cognitive capacities of knowledge in regions, which inhibit the integration of knowledge but do serve as a source to stimulate the creation of variation, thus avoiding the loss of resources by concentrating on the same practices, and regions have more capacity to explore new variation (James, 1991).
1.3.3 Routine
In the process of continuous selection, some innovative approaches are tested in practice, and economic agents learn repeatedly, accumulate experience (Arrow, 1962; Scribner, 1986), and gradually develop better ways of decision-making and organization (Boldrin & Scheinkman, 1988; Thorndike & Rock, 1934). These ways, which are preserved through a selection process, are called “routines” in evolution, and they are gradually embedded in the operations of economic agents (Levitt & March, 1988).
Routines are closely related to the prior knowledge of economic agents (Arthur, 1994) and generate automatic knowledge in the evolutionary process of selection and retention (Spender, 1996). Gradually established conventions could help economic agents to simplify the process of understanding facts and processing information in order to quickly complete decision-making tasks (Penrose, 1952; Heiner, 1983; Simon, 1972). At the same time, limited by cognitive constraints, economic agents prefer spatially nearby and functionally nearby solutions, so path dependence is formed.
When taken to the regional level and industrial level, economically efficient firms are retained in the selection process and gradually dominate the region and industry and attract labor and capital. Over time, similar and related firms and institutions gather in neighboring regions to form industrial agglomerations and later even achieve industrial specialization by creating a favorable environment. Thus, at the regional level, the inertia that accompanies regional industrial development is caused by specific routines and institutions.
But the existence of routines also has the negative side. Due to uncertainty and dynamism, routines inherited from history could easily and inappropriately adapt to the current environment and become obsolete. While changes in external conditions are difficult to anticipate, routines are persistent, often defended and retained by vested interests (Demsetz, 1988), and trapped in a lock-in effect. Outdated routines become exceptionally difficult to break and often become constraints and impediments to future success (Hedberg, 1981). For regions, it is equally easy to get trapped in regional lock-in (Grabher, 1993; Hamm & Wienert, 1989), especially for regional structures with high industrial specialization (Martin & Sunley, 2006). Regional lock-in is a set of interrelated lock-ins that embody the regional dimension and are influenced by both internal and external factors (Chapman et al., 2010). Regional lock-in involves many economic agents and is more intricate, being a combination of three forms of functional, cognitive, and political lock-in (Martin & Sunley, 2006; Boschma, 2005). Regional lock-in occurs when capital and labor are densely concentrated in space, governments are already highly involved (Hamm & Wienert, 1989; Hudson & Sadler, 2004), and regions are already covered by strong institutional systems, making it possible for breakthrough routines to be met with more resistance and even lead to stagnation in regional development.
1.3.4 Path Dependence
The thought of path dependence can be traced back to Veblen (1898) “cumulative causal mechanism” in the evolutionary analysis of routines as a new paradigm for explaining evolution.
The path dependency model developed by David and Arthur, which attempts to explain the evolutionary history about knowledge, industries, organizations, and institutions, divides the path dependency model into three phases (Sydow et al., 2005). In the initial stage, new processes, products, and institutions are explored, with a large and diverse range of possibilities to choose from. The exploration process is mostly undirected, and decisions are made by chance, usually by accident, so that one opportunity would win (David, 1997). In the second stage, this winning opportunity continues to attract other economic agents to join, and groups associated with this opportunity are established, forming development paths (Arthur, 1994). Once the group reaches a certain scale, the path enters the locked state (Arthur, 1989). In the final stage, accumulation and self-reinforcement occur along this path (David, 2001).
There are three schools of thought on the concept of path dependence: David (1994, 2001) considered that chance selection and lock-in effects cause path dependence and that an economy in a locked-in state remained in that state until it is broken by external factors. Setterfield (1995) considered the path dependence process as a series of temporary equilibrium and that an economic system in temporary equilibrium would tend to explore the limits of breaking lock-in in order to establish a new temporary equilibrium. The third view sees path dependence as a dynamic and open process in which the evolutionary trajectories of technologies, industries, and institutions are influenced not only by prior events but also by the evolutionary process of path dependence (Boschma & Martin, 2011).
1.4 Evolution Perspective on Regional Innovation
Evolution was first introduced by Spencer in 1857, when he proposed to call the mechanism by which things go from simple to increasingly complex “evolution” (Spencer, 1857). He then used this thought of evolution to construct sociological principles in Principles of Sociology, in particular to propose a stage theory of social evolution (Spencer, 1898). In 1872, Darwin accepted the scientific concept of “evolution” when he revised his On the Origin of Species, and biology was guided by this concept to develop a theory of biological evolution and a series of concepts about evolution (Darwin, 1872). Evolutionary economics can be traced back to the book Why Is Economics not yet an Evolutionary Science of Veblen (1898), and Winter and Nelson (1982) published the book An Evolutionary Theory in Economic Change which marked the birth of evolutionary economics as an important school of thought. The key to evolutionary economics is the process and mechanism of internal change, emphasizing the “dynamics” of the object of study and the irreversibility of the process of change (Witt, 2003). With the establishment of the new economic geography, the spatial nature of the economic development process also received attention from the academic community, and Boschma and Lambooy (1999) published “Evolutionary Economics and Economic Geography,” which started the research of evolutionary economic geography. Evolutionary economic geography is devoted to the study of the dynamics of the spatial characteristics and structure of the economy, analyzing how the geographic patterns of the economy form, shift, and react to regional economic activities (Boschma & Martin, 2007). Spatial structure and economic activity are interdependent and interactive feedback processes, and the processes of evolution are mainly driven through two mechanisms: innovation and selection.
The creative capacity of economic agents drives economic development and transformation (Metcalfe & Ramlogan, 2006), and internal changes in economic societies drive innovation and change in economic agents (Ramlogan & Metcalfe, 2006), which establishes the important role of knowledge and innovation in evolutionary economic geography. Innovation, as an evolutionary driver, can be decomposed into two components: technological innovation and institutional innovation. The theory of technological innovation internalizes created knowledge as one of the factors of production in economic growth (Romer, 1986), emphasizing the discovery, spillover, and marketization of technology and knowledge. Grossman and Helpman (1991) focused on the process problem of technological innovation and proposed the hypothesis of incremental technological progress, which became the later horizontal technological innovation. Aghion and Howitt (1992) developed the Schumpeterian paradigm of innovation, arguing that innovation arises from quality improvements resulting from R&D activities, i.e., vertical technological innovation. Scholars of the institutional innovation school, such as North (1990), focused on the effects of organizational change and institutional change on economic performance. Under the evolutionary view of institutional change, institutions evolve naturally through the process of interaction and game play among individuals (Hayek, 1945). Institutions are artificially created rules that, to some extent, determine the direction of innovation. Institutions provide incentive arrangements and constraints for innovation, reduce transaction costs and uncertainty, and harmonize subject relations. Driven by efficiency, a stable system needs innovation to make changes, which in turn drives economic growth. Therefore, institutional innovation is needed to establish effective links among innovation subjects, reduce innovation costs, and promote economic and social development.
The evolutionary process of innovation is characterized by prominent externality, uncertainty, path dependence, and the coexistence of inertia and variation. First, the externality of innovation is manifested in the ease of knowledge and information flow in neighboring regions, which directly leads to the emergence of regional innovation industry clusters (Marshall & Marshall, 1920). Second, innovation is the exploration of the unknown, the search for new market opportunities and technological breakthroughs through repeated experimentation, and is fraught with uncertainty (Nelson & Winter, 1982). The uncertainty of innovation means that the direction of innovation and the success of innovation cannot be predicted accurately in advance based on probability theory, which stems from the lag of the market, incomplete communication, and uncertainty of the subject’s behavior. This means that innovation is not evenly distributed in time and space and cannot be predicted, which is also related to the “economic cycle” in the regional economy. Furthermore, according to the cumulative nature of innovation, technological progress often builds on existing foundations, and the existence of tacit knowledge amplifies the possibility of new relevant technologies being born in the region. This cumulative nature of innovation is also closely related to path dependence, where innovation tends to be guided by a specific technological paradigm (a common model for solving a certain type of problem) (Dosi, 1982) and follows a certain path of inertia. Thus, innovations by innovative agents in the region may follow successful development paths that already exist in the region. However, given that innovation is often disruptive (Schumpeter, 1912), the path dependence of innovation may become a competitive advantage for the region in the technological paradigm, or the region may behave as a mutation due to the break of inertia. These are the basic problems of regional innovation evolution.
Based on the regional innovation theory and evolutionary theory summarized above, numerous literatures have been devoted to the study of the pathways of regional innovation evolution. The classical A-U model of technological innovation proposed by Abernathy and Utterback (1978) considers that the evolution of regional industrial development is sequentially divided into the early flow phase, during which product innovation activity is very active; the transfer phase, when market competition intensifies and process innovation dominates; and the specialization phase, when incremental process improvement is the main source of innovation in firms. In innovation evolutionary model of Mukoyama (2004), assuming that the industry leader innovates and other firms imitate and follow, the results show that in an equilibrium state of the competitive environment, firms’ innovation often starts with imitative innovation, and then through learning and accumulation, the process eventually develops into autonomous innovation. Niosi and Banik (2005) suggested that knowledge is first born in higher education institutions and research institutes, and with knowledge spillover enterprises absorb knowledge and innovate, and when a regional market is formed, regional innovation advantage is generated, following a macro three-stage evolutionary path of innovation in higher education institutions → innovation in enterprises → regional innovation. In this process, micro-evolutionary processes such as path dependence, variation, and mutation are continuous.
1.5 Agglomeration of Innovation
Regional innovation is the result of knowledge pooling, so how does the pooling occur? A question that cannot be ignored is where innovative firms with little or no R&D obtain their initial knowledge inputs (Audretsch, 1995). This suggests that knowledge may spill over from universities or research institutions (Baptista, 1996). Griliches (1991) defined knowledge spillover as engaging in similar things and thus benefiting from each other’s research. Knowledge spills over from the source through two spillover mechanisms; Cohen and Levinthal (1989) argued that firms developed the ability to adapt to new technologies and ideas developed by other firms and were therefore able to exploit some of the returns from investing in new external knowledge. Audretsch (1995), on the other hand, focused on individuals, scientists, or engineers with specific new knowledge endowments who leave for new firms or engineers who leave to start up a new firm to accommodate the value of his knowledge.
Geographical proximity is crucial in the dissemination of knowledge, and knowledge developed for any given application can easily spill over and have very different economically valuable applications (Glaeser et al., 1992). The importance of geographical proximity for knowledge spillover dissemination has been observed in many different contexts, especially for uncertain knowledge, or “stickiness,” which is best disseminated through face-to-face interactions and frequent and repeated contacts.
The concentration of firms in the neighboring geographic space could obtain higher factor returns to labor and capital, and the increasing returns to scale provide the theoretical basis for industrial aggregation. Under this premise, regional economic activities will evolve toward industrial aggregation. Another related concept is industry cluster, which is a macroeconomic process, while industry cluster is a meso-spatial organization. Industrial clusters are the product of industrial aggregation, and clusters occur when the participating firms have connections similar to a community ecosystem.
Krugman believed that once an industrial agglomeration was formed, it was path dependent.
Other economists have also explained the phenomenon of industrial agglomeration in terms of industrial linkages. Englmann and Walz (1996) and Walz (1996) showed that industrial linkages between intermediate and final commodities lead to regional concentrations of economic activity due to manufacturers’ preferences for non-tradeable intermediate goods.
Technological innovation itself is contingent. Innovation provides a new growth point for the economy, and with the help of suitable institutions and environment, the growth point would gradually develop and grow by virtue of knowledge spillover and become a source of incremental payoffs of scale, forming an agglomeration of innovative industries.
In this book, innovation industry clusters refer to the industrial aggregation of technological innovation activities. Schmookler (1966) considered that innovation is not an isolated event evenly distributed in space; rather, innovative activities tend to converge, occurring in clusters in adjacent geographic locations and in close industrial sectors. After successful innovation, most firms will operate in adjacent locations, in their same or similar industries, and follow in their tracks, creating an industrial agglomeration of innovative activity. Industrial clustering contributes to innovation, and innovation depends on industrial clustering.
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Abstract
Numerous literatures have analyzed the positive effects of innovation on economic development both theoretically and empirically. How the spatial organization of innovation activities evolves and acts on economic development is the question that this book tries to answer if space is included in the analytical perspective. This chapter analyzes the innovation distribution of China at the county level based on the 330,000 enterprise database. The data source, scope, and timeframe are described. This chapter shows how regional innovation gaps are formed. The spatial dimension and aggregation of innovation input and innovation output are both studied. Significant imbalance in the regional innovation distribution is visualized using geographic information system (GIS). It can be observed that the “diamond-shaped” innovation spatial structure is formed in China. Statistical significance cluster analysis of innovation in China is given by Getis-Ord Gi* method. The positive correlation between innovation agglomeration and economic level is also shown. The provincial innovation input and innovation output are compared in the section, and industry “inertia” is discussed combining regional economic status.
2.1 Introduction
Knowledge innovation and technological change are accelerating the reconfiguration of the world competitive landscape. The flow of innovation resources is accelerating at the spatial scale, high-technology enterprises and research institutions are clustering in adjacent spaces, and technology and knowledge tend to spill over in geographical proximity. This spatial cohesion profoundly affects the spatial distribution of innovation. The spatial distribution of innovation resources and R&D activities is extremely uneven, showing a pyramidal structure. Differences in regional natural endowments, second geographical nature, and local technology policies make innovation exhibit differences in spatial distribution (Krugman, 1993). The geographical distribution of innovation profoundly affects its innovation efficiency and regional economy; therefore, studying the characteristics of innovation resource distribution and its influencing factors in China is important for understanding regional innovation behavior and even the construction and development for an innovative country.
Since knowledge externalities (Caniëls & Verspagen, 2001) determine knowledge spillovers, internal knowledge spillovers (between sectors of the same manufacturer located in different regions) and external knowledge spillovers (between sectors of different manufacturers in the same region) profoundly influence the spatial distribution of innovation (Gersbach & Schmutzler, 1999). The mobility of skilled personnel (Almeida & Kogut, 1999); cross-regional cooperation between industry, academia, and research (Combes, 2000; Martin & Ottaviano, 1999); and cross-regional operation and trade of firms are the main transmission channels for the spatial flow and thus spillover or transfer of knowledge and are also the key factor in the spatial distribution of innovation. It is generally believed that knowledge spillover promotes the clustering of R&D activities, resulting in the geographic concentration of higher education institutions, research institutes, and R&D enterprises to form innovation networks. This spatial aggregation promotes knowledge exchange, which could save the cost of science discovery and technology commercialization, reduce the risk of creative destruction of innovation, and accelerate the diffusion and sharing of innovation results. However, the spatial spillover effect of knowledge decays with increasing distance (Audretsch & Feldman, 1996; Wang et al., 2003; Rosenthal & Strange, 2008), which reinforces the existence of spatial differences in innovation.
In order to reveal the pattern of differences in the distribution of innovation scale in China, this chapter analyzes the geographical distribution, spatial aggregation, and its influencing factors of innovation based on the database of 330,000 industrial enterprises above the scale (RMB five million before 2001, RMB 20 million after 2011), with the small-scale space county as the research unit. The spatial unit for research data collection is county. The county innovation data are derived from the 2007 China Industrial Enterprise Database, which covers all industrial enterprises with annual sales of five million and above in mainland China (about 300,000 enterprises),1 which is the database for the statistical industrial sector of the National Bureau of Statistics. In order to conduct an effective analysis of the scale of innovation, this chapter unifies the data of Chinese industrial enterprises into the administrative space at the county level in China and establishes the innovation space statistics with consistent county-level administrative units as the boundary. A total of 2303 sub-county research units in China (due to data availability, Hong Kong, Macao, and Taiwan are not analyzed here) are counted in this study, including 1596 county (banner) units, 305 prefecture-level municipal units, 347 county-level city units, and 55 county-level district units.
2.2 Spatial Distribution of Regional Innovation
The level classification of innovation input and innovation output could intuitively reflect the spatial distribution characteristics of innovation. We refer to the grading method of population distribution study (Ge & Feng, 2009) and divide the output value of new products at county scale in China into nine levels, respectively, representing the innovation scale from large to small (Table 2.1), in order to reveal the stratified aggregation and spatial distribution characteristics of innovation (Fig. 2.1).Table 2.1Statistics of China’s innovation output scale type zones


	Type
	New product output value (10,000 RMB)
	Number of counties
	Share (%)
	Representative provinces

	Output core zone
	>500,000
	133
	86.39
	Shanghai, Tianjin, Zhejiang

	Absolute height zone
	100,001–500,000
	186
	9.91
	Jiangsu, Shandong

	Relative height zone
	50,001–100,000
	103
	1.76
	Hubei, Jilin, Guangdong

	General height zone
	20,001–50,000
	153
	1.21
	Hunan, Liaoning

	General transition zone
	10,001–20,000
	132
	0.45
	Anhui, Henan

	General low zone
	3001–10,000
	161
	0.23
	Yunnan, Guangxi

	Relative low zone
	1501–3000
	67
	0.03
	Shanxi, Shaanxi, Guizhou

	Absolute low zone
	501–1500
	81
	0.02
	Gansu, Ningxia

	Output deficiency zone
	<500
	1287
	–
	Inner Mongolia, Tibet



[image: ]
Fig. 2.1Spatial distribution of innovation scale in China


On the whole, the scales of innovation output in China show significant differences between the east and the west. The distribution of high innovation output regions in clusters, although not obviously coinciding highly with Hu-Huanyong’s population density divergence line with Heihe-Tengchong as the boundary, is concentrated in the southeast side of Hu-Huanyong line. Figure 2.1 shows the spatial distribution of innovation scale based on the new product output data. Red represents the large scale of innovation output of this spatial unit, and green represents the small scale of innovation output of this spatial unit. The clustering areas of innovation output are distributed in Yangtze River Delta region, Pearl River Delta region, Bohai Sea Rim region, and Sichuan Basin region. The total new product output value of the top 133 counties and cities in innovation scale accounts for 86.4% of the total national new product output value, while the land area only accounts for 3.2% of the national land area. The spatial unit of the core area of innovation output is also dominated by municipalities directly under the central government and provincial capitals. The top ten spatial units of innovation product output value are Shanghai City, Tianjin City, Beijing City, Shenzhen City, Changchun City, Chongqing City, Hangzhou City, Qingdao City, Guangzhou City, and Foshan City in order. The absolute height area and relative height area of innovation output appear in the Yangtze River Delta region, Pearl River Delta region, Beijing-Tianjin-Hebei region, and Sichuan Basin region cluster. The general height zone, general transition zone, and general low zone of innovation output are scattered in the middle and lower reaches of Yangtze River Plain region. Relatively low innovation output areas and absolute low areas are scattered at the edges of high innovation output spaces. There are large geographical spaces in China where new product output is scarce, and the innovation output deficiency zone occupies 77.1% of the country’s area. The northwestern half of Hu-Huanyong Line and the vast majority of space on the Yunnan-Guizhou Plateau region belong to the output innovation deficiency area.
China has formed a “rhombus” innovation spatial pattern with the Bohai Economic Circle, Yangtze River Delta Economic Circle, Pearl River Delta Economic Circle, and Sichuan Basin Economic Zone as the four apexes in the east, west, north, and south. The inner part of the rhombus is the core area of innovation density, and innovation resources gather at the apex of the rhombus and gradually spread to the surrounding areas. The Yangtze River Economic Belt connects the east and west vertices of the rhombus, and the Beijing-Kowloon Railway connects the north and south vertices of the rhombus, forming the cross and symmetry axis of the rhombus. Wuhan is the center of the rhombus and is also the intersection of the east-west and north-south lines of the rhombus and is the innovation hub in the central region of China. The study by Fan et al. (2018) also confirmed the diamond-shaped regional development pattern of population and economy in China.
According to the analysis results of this chapter, it can be seen that China’s innovation pattern has evolved from the traditional three-point triangle composed of Bohai Sea Rim, Yangtze River Delta, and Pearl River Delta to the new four-point quadrilateral of Bohai Sea, Pearl River Delta, Yangtze River Delta, and Sichuan Basin. Chengdu-Chongqing has become a new pole in the innovation distribution, and the Yangtze River Economic Belt and along the Beijing-Kowloon Railway have also become important axes of innovation development.
From the innovation scale distribution map in Fig. 2.1, it is clear that regions with high innovation scale tend to be rich regions. We use the new product output value of the industrial enterprise database to represent the innovation scale and the gross product to represent the regional economic level and take the provincial area as the research unit. As shown in Fig. 2.2, it could be found that the economic level and innovation scale are positively correlated. Guangdong Province, Zhejiang Province, Jiangsu Province, and Shandong Province, as large economic provinces, also ranked the top in innovation scale, while the innovation scales of Gansu Province, Guizhou Province, and Hainan Province, which are economically backward, are relatively low.[image: ]
Fig. 2.2Scale of innovation and economic level by province in China


2.3 Spatial Agglomeration of Regional Innovation
In order to better describe the spatial distribution characteristics of innovation scale, this book classifies each county spatial unit according to the spatial innovation scale characteristics, i.e., spatial cluster analysis. In this section, we apply the hotspot analysis tool in ArcGIS software to conduct spatial cluster analysis. Hotspot analysis is a data mining method to discover whether there is statistically significant clustering of variables in space, which can identify spatial high values (hotspot) and low values (cold spot) of statistical significance. If a spatial unit is a hotspot, it means that the spatial unit itself has a large scale of innovation and is surrounded by other spatial units with the same large scale of innovation. Conversely, if the spatial unit itself has a small scale of innovation and is surrounded by other spatial units that also have a small scale of innovation, it is a cold spot.
With the help of the Getis-Ord Gi∗ statistical analysis model (Ord & Getis, 2010), a thermal analysis can be carried out.[image: $$ {G}_i=\frac{\sum_{j=1}^n{w}_{i,j}{O}_j-\overline{O}{\sum}_{j=1}^n{w}_{i,j}}{S\cdotp \sqrt{\frac{\left[n{\sum}_{j=1}^n{w}_{i,j}^2-{\left({\sum}_{j=1}^n{w}_{i,j}\right)}^2\right]}{n-1}}} $$]

 (2.1)



Here Gi∗ is the z score of the hotspot analysis of spatial unit i. The higher the absolute value of z, the higher the confidence level of rejecting the spatial randomness hypothesis, i.e., showing statistically significant clustering, while the lower the absolute value of z, the innovation scale shows a statistically significant discrete pattern. If the z score is higher, it means that the clustering is tighter for large innovation scale (hotspots). If the z score is negative, the lower z means that the clustering is tighter for small innovation scale (cold spots).
The spatial unit j is adjacent to the spatial unit i, wi, j is the spatial weight of the spatial unit i and the spatial unit j (generated by ArcGIS software), and n is the number of all spatial units. Oj is the innovation scale (the new product value) of the spatial unit j, and [image: $$ \overline{O} $$] is the average of the innovation scale of all spatial units (nationwide). S is the standard deviation of innovation scale O in the whole space (nationwide).
Figure 2.3 reflects the hotspot analysis of the scale of innovation in China. The closer the color is to red, the more it indicates that the spatial unit is a hotspot, with high values for itself and the surrounding spatial units, indicating a higher degree of innovation aggregation. On the contrary, the closer the color is to blue, the more it indicates that the spatial unit is a cold spot, with low value of itself and low value of the surrounding spatial units, which is an aggregation area of low value of innovation. The clustering degree of innovation output is most significant in the Yangtze River Delta region, followed by the Bohai Rim region and then the Pearl River Delta region. Jilin Province and Sichuan Province have more outstanding performance in innovation output aggregation.[image: ]
Fig. 2.3China innovation scale hotspot analysis


From the hotspot map of innovation distribution in Fig. 2.3, it can be seen that the clustering areas of innovation output in China tend to be in economically developed regions. For the measurement of innovation aggregation, the aggregation index is an effective single-indicator analysis method to measure the scale and scope of aggregation.[image: $$ M={\left({\sum}_{k=1}^n{P}_k^2\right)}^{\frac{1}{2}} $$]

 (2.2)


M is the innovation agglomeration index of the province, and Pk is the share of innovation output of city spatial unit k in the total spatial (the whole country). n is the number of county spatial units included in the innovation spatial units. To facilitate cross-sectional comparison among regions, the aggregation index here not only represents the concentration of innovation scale distribution in the statistical sense of the region (province) but also reflects the convergence of innovation industries in the region at the spatial scale. This requires that high aggregation regions are multiple spatial units of high innovation output occurring in adjacent geographic locations.
Figure 2.4 illustrates the relationship between economic level and innovation agglomeration in each province of China. It can be found that the economic level and innovation agglomeration are positively correlated. The high concentration areas of innovation scale tend to be also economically rich provinces, such as Zhejiang Province, Jiangsu Province, Shandong Province, and Guangdong Province.[image: ]
Fig. 2.4Innovation aggregation and economic level by province in China


2.4 Comparison of Regional Innovation Efficiency
Efficiency generally means an evaluation of the effectiveness of resource use under given input conditions. Regional innovation efficiency is an important reflection of innovation capability. From the perspective of the region’s performance, an increase in innovation efficiency means more innovation output based on the same innovation input and also the ability to reduce innovation input for a given innovation output.
New products and processes are the result of innovation activities, which rely on human, financial, and material innovation inputs. At the meantime, the efficiency of converting innovation inputs into innovation outputs is also a key factor in determining innovation outcomes. Innovation efficiency could be generally measured by the ratio of innovation output and input (Zhu & Xu, 2007), so this section analyzes innovation efficiency by comparing the new product output value and research and development expenses in each region. Here, county-level administrative units are used for the study, and the R&D development expense is used to represent innovation inputs, and the new product output value is used to represent innovation outputs. Figure 2.5 shows the spatial distribution of innovation inputs (left) and innovation outputs (right) in China.[image: ]
Fig. 2.5Comparative spatial distribution of innovation inputs and outputs in China


The top ten spatial units in terms of innovation investment are Shenzhen City, Shanghai City, Beijing City, Qingdao City, Nanjing City, Guangzhou City, Taiyuan City, Chongqing City, Tianjin City, and Hangzhou City. The top ten spatial units in terms of innovation product output value are Shanghai City, Tianjin City, Beijing City, Shenzhen City, Changchun City, Chongqing City, Hangzhou City, Qingdao City, Guangzhou City, and Foshan City in that order. Different from the ranking of innovation investment, the innovation output of Qingdao City, Nanjing City, and Taiyuan City did not match their high innovation input ranking. In contrast, Changchun City and Foshan City obtained relatively higher innovation returns with relatively lower levels of innovation investment, indicating their higher R&D efficiency.
Figure 2.6 shows the relationship between R&D expenses and new product output value for provincial spatial units in China, with major provinces labeled. The red auxiliary line in the figure is the trend line of the data. The data above the auxiliary line represent the relative value of the vertical coordinate is higher than the relative value of the horizontal coordinate for this sample, i.e., the ratio of new product output value to R&D expenditure is higher than the average for this data point, i.e., the innovation efficiency is relatively high. Similarly, the data below the auxiliary line represents a lower innovation efficiency for this data point.[image: ]
Fig. 2.6Correlation between innovation input and innovation output by province in China


From Fig. 2.6, it can be seen that new product output value, which represents innovation output, and R&D expenses, which represent innovation input, are closely related. Guangdong Province, Zhejiang Province, Jiangsu Province, Shandong Province, Shanghai Municipality, and Beijing Municipality are the double-high regions with high innovation input-high innovation output. Hainan Province, Guizhou Province, Tibet Autonomous Region, and Xinjiang Autonomous Region are double-low regions with low innovation input-low innovation output. Zhejiang Province, Tianjin Municipality, Jilin Province, and Liaoning Province have high new product output relative to R&D expenses, and these regions have high innovation efficiency. Guangdong Province, Shanxi Province, Hebei Province, and Fujian Province have low new product output value relative to R&D expenses, which laterally reflects the low innovation efficiency of these regions.
In Fig. 2.6, regions with traditionally high economic levels such as Shanghai Municipality, Jiangsu Province, and Guangdong Province are at low levels of R&D investment compared to new product output, while Zhejiang Province is clearly at a high level. It is related to industry inertia in these developed provinces, the abovementioned provinces with large-scale enterprises as the backbone of the economy, not as easy to achieve the innovation benefits of Zhejiang Province and Tianjin Municipality, which are dominated by small- and medium-sized enterprises. This indicates that in the field of innovation investment, there is also a diminishing comparative effect.
Comparing the innovation efficiency of each province reacted in Fig. 2.6 with the innovation scale aggregation in Fig. 2.4, we can find that Jilin Province, Liaoning Province, Sichuan Province, Shandong Province, and Zhejiang Province, which are above the red auxiliary line, have stronger innovation output advantage than innovation input, indicating the high innovation efficiency of the region, and these provinces are also the regions with high innovation industry aggregation. This reflects the positive influence of innovation agglomeration on innovation efficiency. The innovation factors accelerate knowledge spillover through fruitful technology diffusion and technology flow in a similar geographic space, which is conducive to the improvement of innovation efficiency.
However, it is also found that Guangdong Province and Jiangsu Province are high innovation industry aggregation regions, but the innovation output advantage of the two provinces is not as strong as the innovation input, that is, the innovation efficiency is lower than the national average. Although innovation efficiency increases with the increase of innovation industry aggregation, the increase of innovation efficiency is decreasing. We believe this is related to the lock-in effect caused by the path dependence of innovation activities. Although the scale of innovation is large in Guangdong Province, the return of innovation investment is decreasing as the scale of innovation industry increases. Homogeneous firms gather in neighboring regions, and competition, even vicious competition that damages efficiency, inevitably occurs. On the other hand, when an innovative industry reaches a certain scale, good practices are accumulated, and industrial “inertia” (Tushman & Romanelli, 1985) is formed, and culture, environment, and institutions are often deeply rooted. At this point, too high the concentration and too large the scale would become the resistance to continuous innovation.
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1The data of China Industrial Enterprise Database after 2007 lacks statistics on research and development expenses. In order to ensure the consistency of the data caliber with the analysis below, the data of 2007 is adopted here.
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Abstract
This chapter explores the reasons why regional innovation gaps exist; innovative bias and evolution economics are given to support the phenomenon. This chapter introduces the concepts of innovation agglomeration and innovation effectivity and explains how do they interrelate. This chapter theorizes from Porter’s competitive advantage theory, innovation bias theory, and evolutionary theory to explain the stylized facts of the spatial distribution characteristics of innovation scale and innovation efficiency in China. This chapter also explains how regional innovation industry clustering affects the distribution of regional innovation from innovation bias theory and evolutionary theory. The two propositions of regional innovation bias explain how the innovation effectivity influences the spatial distribution of regional innovation. Five propositions or corollaries of regional innovative bias are further given considering evolutionary dynamics of regional innovation. The Inada Condition of regional innovation efficiency and innovation industry clustering is identified; the theoretical foundations, properties, mathematical expressions, real-world cases, and statistical analysis are given in order.
3.1 Introduction
Currently, innovation inputs and innovation outputs in China have shown strong spatial aggregation characteristics. Drawing on the Marshall externality theory (Marshall, 1890), under the condition of geographical proximity, the high mobility of scientific and technological personnel makes the innovation labor market shared, the proximity makes the transportation cost of intermediate inputs lower, and the market specialization makes the diffusion of technology more convenient; all these aggregation factors are conducive to the improvement of innovation efficiency. In general, aggregation makes the flow of information, capital, and talent work efficiently, and knowledge and technology are continuously accumulated by innovation agents in the process of diffusion and integration, which in turn improves the innovation performance of enterprises (Fiaz, 2013).	1.
From the perspective of trust mechanism, geographical proximity facilitates the saving of communication time and cost, and the close exchange of experience increases the trust level between the two parties, and the reduction of transaction cost and cooperation risk accelerates collective innovation and improves innovation efficiency (Schwartz et al., 2012).

 

	2.
From the perspective of specialized division of labor, the formation of closely linked specialized division of labor after innovation agglomeration and the distribution of backward and forward closely related industries in the neighboring space can significantly reduce the cost of innovation. The improvement of infrastructure and related support facilities in the innovation agglomeration, including rail transportation, technology exchange market, and investment and financing platform, is conducive to the synergistic effect of innovation (Liu & Zhao, 2015).

 

	3.
From the perspective of innovation system construction, the aggregation of innovation elements has an unnoticeable positive impact on resource supply and cooperation trust in the four mechanisms of collaborative innovation system, which is more conducive to the healthy and efficient operation of the innovation system.

 

	4.
Considering competitive advantage, in a fierce competitive environment, enterprises often have to give up imitation and choose independent innovation to gain first-mover advantage. This competitive effect can reduce the efficiency loss within the system and enhance innovation competitiveness and innovation efficiency.

 




3.2 Inada Condition in Regional Innovation
We find that regional innovation and regional agglomeration are similar to the Inada Condition phenomenon of economic growth, and to express it quantitatively, each province in China is considered as an innovation unit in this chapter. In terms of the measurement of regional innovation efficiency, we refer to the methodology of Chi et al. (2004) and define it as the efficiency of transformation of innovation input quantity to innovation output quantity. The following innovation efficiency measurement function is established.[image: $$ {E}_i=\frac{\mathrm{ou}{\mathrm{t}}_i}{\mathrm{in}{\mathrm{t}}_i} $$]

 (3.1)



Ei is the innovation efficiency of innovation unit i, outi is the innovation output of this innovation unit, and inti is the innovation input of this innovation unit. In order to ensure the consistency of the statistical data source of the research subjects, the data source of this chapter is still based on the 2007 China Industrial Enterprise Database.1 The innovation output variable is measured by the new product output value of each innovation unit, and the innovation input variable is measured by the R&D expense of each innovation unit.
We assume that innovation output is a function of innovation input and innovation aggregation, where innovation aggregation is calculated in Sect. 2.​3.[image: $$ \mathrm{out}=F\left(\operatorname{int},M\right) $$]

 (3.2)



Then the output per unit of innovation input is obtained by dividing both sides simultaneously.[image: $$ \frac{\mathrm{out}}{\operatorname{int}}=f(M) $$]

 (3.3)



The output per unit of innovation input can be seen as an expression of innovation efficiency; then the above equation can become:[image: $$ E=f(M) $$]

 (3.4)



We further analyze the properties of the function on innovation aggregation and innovation efficiency. From the evolutionary point of view, if the expansion of aggregation does not lead to an increase of efficiency, it will not make enterprises have the incentive to aggregate. Further, if this aggregation scale expansion is not followed by a decrease in efficiency level, then the expansion will not stop, which implies the following properties.
Property 1
There is a relationship between innovation aggregation and innovation efficiency in the region similar to the Inada Condition in economic growth theory (Inada, 1964). For this regularity we can assume that when the innovation aggregation is 0, the innovation scale is 0, and the innovation efficiency is also 0.

Property 2
The marginal efficiency of innovation efficiency on innovation aggregation is positive, which means that innovation aggregation has a positive contribution to the improvement of innovation efficiency.

Property 3
The enhancement effect of innovation aggregation on innovation efficiency gradually decreases with the gradual increase of innovation aggregation, that is, the diminishing marginal benefit of innovation efficiency on innovation aggregation.

The mathematical expression is as follows.[image: $$ {\displaystyle \begin{array}{l}\mathrm{I}\mathrm{nada}\kern0.5em \mathrm{Condition}\kern0.5em \mathrm{I}:f(0)=0\\ {}\mathrm{I}\mathrm{nada}\kern0.5em \mathrm{Condition}\kern0.5em \mathrm{I}\mathrm{I}:{f}^{\prime }(M)&gt;0\\ {}\mathrm{I}\mathrm{nada}\kern0.5em \mathrm{Condition}\kern0.5em \mathrm{I}\mathrm{I}\mathrm{I}:\kern0.5em {f}^{{\prime\prime} }(M)&lt;0\end{array}} $$]

 (3.5)



For the Inada Condition, the stylized facts are as follows. As shown in Fig. 2.​4, taking Qinghai Province and Hainan Province in the west of Hu-Huanyong Line as an example, which have comparable economic scale, both of them have a low degree of innovation aggregation. The degree of innovation industry aggregation in Qinghai Province is 2.8 times higher than that in Hainan Province, while the innovation efficiency in Qinghai Province is 15 times higher than that in Hainan Province. The greater the intensity of aggregation, the greater the innovation efficiency. As for the provinces east of Hu-Huanyong Line, such as Sichuan Province, Liaoning Province, Jilin Province, and Hubei Province, the efficiency level of innovation industry changes with the change of innovation industry aggregation. In fact, the abovementioned regions have stronger innovation output advantage than innovation input, i.e., higher innovation efficiency. This indicates that in the early and middle stages of innovation industry aggregation, the innovation efficiency increases as the degree of aggregation increases. It also means that innovation efficiency positively varies with the degree of innovation industry aggregation, i.e., the first-order derivative of innovation efficiency with respect to innovation aggregation is positive, similar to the Inada Condition II.
However, it also shows that when the degree of innovation industry aggregation increases, the increase of innovation efficiency is decreasing as the level of aggregation increases, which satisfies Inada Condition III. As shown in Fig. 2.​4, the aggregation levels in Guangdong Province, Jiangsu Province, and Shandong Province are much higher than those in other provinces. However, in Fig. 2.​6, the innovation output efficiency of these regions does not outperform the other provinces as much as the aggregation level, especially the innovation output advantage of Guangdong Province and Shandong Province is even weaker than the innovation input. Taking Jiangsu Province and Shandong Province with high degree of innovation industry aggregation as an example, the economic scale of the two regions is comparable in 2007, and the innovation aggregation degree of Shandong Province is 1.8 times that of Jiangsu Province, while the innovation efficiency of Shandong Province is only 1.2 times that of Jiangsu Province. If we consider Guangdong Province, which has higher economic output and stronger innovation aggregation, its innovation efficiency is not as good as Shandong Province and Jiangsu Province. This explains to some extent that when the degree of aggregation is large enough, the promotion effect of aggregation on innovation efficiency becomes small. When the degree of innovation industry aggregation is too high, a large number of practices accumulated over a long period of time create path dependence, and innovation and transformation become more difficult under the combined influence of various aspects of environment, culture, and system. When the degree of innovation industry aggregation changes, the marginal effect of innovation output efficiency is diminishing.
It can be explained that in the late stage of innovation industry aggregation, the industry inertia is large, which makes the improvement of innovation efficiency difficult. This means that the contribution of innovation industry aggregation to innovation efficiency diminishes as the degree of aggregation increases, i.e., the second-order derivative of innovation efficiency with respect to innovation aggregation is negative, which corresponds to Inada Condition III.
Other laws similar to Inada Condition are that when the innovation aggregation is small enough, its contribution to innovation efficiency is very large, while when the innovation aggregation becomes large, its contribution to innovation efficiency becomes very small. These speculations suggest that the functions of innovation aggregation and innovation efficiency satisfy the Inada Condition (Inada, 1964).[image: $$ {\displaystyle \begin{array}{l}{\lim}_{M\to 0}{f}^{\prime }(M)=\infty \\ {}{\lim}_{M\to \infty }{f}^{\prime }(M)=0\end{array}} $$]

 (3.6)



The regional innovation performance in China is able to corroborate the above speculation to some extent. A case similar to the first relationship in Eq. (3.6) occurs in Guizhou Province, where the initial proposal to establish the big data analytics industry brought about the agglomeration development of Guizhou Province with obvious benefits of innovation. Of course, there may be exceptions because the initial innovation has many risks of acquiring benefits and destroying the general law of development. But once the development advantage in the region is obtained, there must be obvious benefits at the beginning; otherwise, according to the evolutionary point of view, the innovation cannot exist any longer. The performance of regional innovation in China only confirms the above phenomenon to a certain extent, so strictly speaking the Inada Condition is statistically valid in the field of innovation. In this regard, we can further validate the Inada Condition of regional innovation from economic statistics.
This chapter selects cross-sectional data from a sample of 27 provinces.2 Meanwhile, to better reflect the differences among regions, we define the national average efficiency value as 1 and the national average aggregation as 1. The results of the statistical analysis are shown in Fig. 3.1. The relevant statistical tests are as follows (Table 3.1).[image: ]
Fig. 3.1The relationship between regional innovation efficiency and the degree of innovation aggregation

Table 3.1Statistical description of the variables


	Variables
	Maximum value
	Minimum value
	Mean value
	Standard deviation

	Aggregation
	0.0497
	2.482E-06
	0.0125
	0.0148

	Innovation efficiency
	56.6866
	0.4374
	20.8193
	13.0532




Significance test was first performed on the samples. The homogeneity of variance test (F-test), F = 68.69, F crit 0.05 = 4.23, F crit 0.05 > F, F-value is significant at the level of a = 0.05. P-value is 9.05835e-09, which much less than 0.05, indicating a highly significant difference. A further t-test was performed on the samples, and the two-tailed truncated probability = 0.00062, much less than 0.05, with a significant difference effect. After passing the significance test, we performed regression analysis on innovation efficiency and innovation aggregation in Fig. 3.1.
The blue trendline in Fig. 3.1 shows the regression curve of innovation aggregation and innovation efficiency fitted as a power function. The goodness of fit R2is 0.7178. The relationship between innovation efficiency and innovation aggregation under the prevailing conditions in China is[image: $$ E={M}^{0.41} $$]

 (3.7)



Obviously, this relationship is satisfying the Inada Condition.
Figure 3.1 reflects the relationship between innovation efficiency and innovation agglomeration in each province. Most provinces show low aggregation-low efficiency or high aggregation-high efficiency, indicating that innovation efficiency and innovation industry aggregation shows a positive correlation. Of course, there are some values that deviate from the fitted curve in the analysis of the relationship between innovation efficiency and innovation aggregation in China in Fig. 3.1. For example, Jilin Province shows an exception of high efficiency-low aggregation, considering that pharmaceutical manufacturing in Jilin Province is a dynamic force in the high-tech industry, and the pharmaceutical industry has a high entry barrier and high sales profit. As a traditional competitive advantage in the pharmaceutical field, Jilin Province shows above-average innovation efficiency. Guangdong Province, on the other hand, shows another special case of low efficiency-high aggregation, relying on simple imitation innovation in the early stage of and gaining short-term competitive advantage through product generation difference. The concentration of a large number of enterprises that do not have their own core competencies in the same region may instead bring vicious competition that is not conducive to development, thus undermining innovation efficiency. Meanwhile, the large economic volume of Guangdong Province, with many homogeneous enterprises, and the emergence of industry inertia, is not conducive to transformation and innovation. Moreover, this book also finds that the existence of the Inada Condition is corroborated in the study of regional innovation efficiency and innovation aggregation. In contrast, there is basically a linear relationship between regional innovation scale and innovation aggregation, and the significant existence of the Inada Condition is not found.
3.3 Regional Innovative Bias
To explore the reasons for the uneven spatial distribution of innovation output, we develop propositions for regional innovation bias, referring to Poschke’s (2018) micro-perceptions in the analysis of enterprise entrepreneurial behavior, which are also factually corroborated in Chap. 2.
Proposition 1
The bias of regional innovation application (Poschke, 2010)


	1.
As the diversity of available technologies expands, regions must deal with increasingly complex technologies.

 

	2.
While advances in the technological frontier give all regions the possibility of access to more efficient technologies, they do not affect all regions equally, and some can use more of the new technologies than others.

 





Indeed, some regions may use production processes involving many advanced technologies, while others lag behind, using simpler production processes and lagging relatively behind in terms of innovative output. This may be the result of industry inertia, proving the non-equality of technology use.
Proposition 2
Regional labor and technology market bias (Poschke, 2018)


	1.
More innovative regions can manage more complex technologies, attract more capable innovators, and bring in more technology.

 

	2.
The entry and growth of talent raise labor demand and wages, further affecting the allocation of innovation resources.

 





The validity of this proposition implies that cities with low innovation efficiency will eventually find more attractive development paths and mutate to find another path, which in turn affects the innovation size distribution. In particular, innovation size increases with development, and under certain conditions, size aggregation increases with development.
With respect to the uncertain future of innovation activities, regions can do what they can to control them and seek competitive advantage by increasing innovation efficiency. More efficient regions are better able to translate innovation inputs into outputs. Thus, when innovation inputs are limited, regions increase their relative size at the cost of relatively inefficient innovation activities (Metcalfe, 1998). Innovation efficiency is context-dependent and is defined relative to the given environment of the region. That is, innovation models that are efficient in one environment may be inefficient in another (Hodgson & Knudsen, 2006).
Innovation efficiency represents the level of innovation capacity with equal innovation inputs and also illustrates the unequal impact of technology on different cities. The above hypotheses describe how innovation efficiency affects the spatial distribution of innovation scale, and conversely, the spatial distribution of innovation scale, especially the aggregation characteristics of innovation, also affects innovation efficiency.
3.4 Evolution Perspective on Regional Innovative Bias
If dynamic features are considered, the following propositions or corollaries are further given in conjunction with the idea of evolutionary economics.
Proposition 1
Regions with high innovation efficient can manage more complex R&D processes, leading to faster innovation scale growth (Poschke, 2018).

Proposition 2
On the condition of regional innovation, any region is more productive in a more technologically advanced economy. This allows innovation to drive aggregate output growth (Romer, 1990).

Corollary 3
The efficiency of innovation in the current period shows some consistency with the efficiency of innovation in the previous period due to the path dependence of the innovation approach as a result of the presence of routines in the evolutionary process (Ruttan, 1980).

Corollary 4
Selectivity in the evolutionary process of innovative activities (Dennett, 1995). Not all variations in innovative approaches are successful, and only changes appropriate to the environment are retained, which leads to changes that can occur in some regions and not in others.

Proposition 5
The aggregation is concave and convergent in efficiency, which is also shown by the empirical analysis in Fig. 3.1.

These propositions or corollaries then constitute the innovation bias characteristics of regional innovation in the evolutionary perspective. Based on the above hypotheses, we give the relationship between innovation efficiency and innovation aggregation under dynamics: the innovation efficiency in the next period is related to both the innovation efficiency in the current period and the aggregation index in the current period. We assume that this relationship conforms to the Cobb-Douglas form.[image: $$ \dot{E}=f\left(E,M\right)=r{E}^{\tau }{M}^{\upsilon } $$]

 (3.8)



[image: $$ \dot{E} $$] is the change rate of regional innovation efficiency, E is the regional innovation efficiency in the current period, M is the regional innovation aggregation index in the current period, r is a constant, and τ and υ are the elasticity coefficients of innovation efficiency E and innovation aggregation M, respectively.
Dividing both sides simultaneously by Eτ[image: $$ \dot{E}{E}^{-\tau }=r{M}^{\upsilon } $$]

 (3.9)


[image: $$ {E}^{-\tau}\dot{E}={E}^{-\tau}\frac{dE}{dt}=\frac{1}{1-\tau}\frac{d\left({E}^{1-\tau}\right)}{dt} $$]

 (3.10)



Then[image: $$ \frac{d\left({E}^{1-\tau}\right)}{dt}=\left(1-\tau \right)r{M}^{\upsilon } $$]

 (3.11)



Simultaneous integration on both sides[image: $$ {E}^{1-\tau }=r\left(1-\tau \right){\int}_0^t{M}^{\upsilon }(t) dt $$]

 (3.12)



Based on the actual measurement of innovation agglomeration in China in the literature, we approximate that innovation agglomeration grows exponentially over time (Yang et al., 2008).[image: $$ \dot{M}=\frac{dM}{dt}= gM $$]

 (3.13)


[image: $$ dt=\frac{dM}{gM} $$]

 (3.14)



[image: $$ \dot{M} $$] is the rate of change of regional innovation agglomeration, and g is a constant.
Substituting this into Eq. 3.12[image: $$ {E}^{1-\tau }=r\left(1-\tau \right){\int}_0^t\frac{M^{\upsilon }}{gM} dM $$]



[image: $$ =\frac{r\left(1-\tau \right)}{g}{\int}_0^t{M}^{\upsilon -1} dM $$]



[image: $$ =\frac{r\left(1-\tau \right)}{g}\frac{M^{\upsilon }}{\upsilon } $$]

 (3.15)



It can also be written as follows:[image: $$ E=o{M}^{\frac{\upsilon }{1-\tau }} $$]

 (3.16)



It also explains the power function relationship between innovation efficiency and innovation aggregation. In other words, there is an economic basis for Inada Condition presented between regional innovation efficiency and regional innovation aggregation. This law explains that regional innovation exhibits innovation bias as in Eq. (3.16).
The above analysis started from the observation of regional innovation regulations and explained the empirical laws about innovation efficiency and innovation agglomeration based on the innovation mechanism. Innovation is also an economic production process (Romer, 1990). From the point of view of cost-benefit of production, the acquisition of innovation output O requires current innovation input I and also relies on the existing knowledge and technology accumulation Z, which we also consider it as a consumption. The source of knowledge and technology has two parts, one from the knowledge base of the region Zn and the other from knowledge spillovers from neighboring regions Zm. Then the profit of the innovation production process π is as follows:[image: $$ \pi =O-I-\left( Zn+ Zm\right) $$]

 (3.17)



Under the assumption of perfect competition in the production of innovations, the profit is zero; then[image: $$ O=I+\left( Zn+ Zm\right) $$]

 (3.18)



Both sides simultaneously divided by the innovation input I[image: $$ \frac{O}{I}=\frac{Zm}{I}+\frac{Zn}{I}+1 $$]

 (3.19)



The knowledge obtained from the neighborhood is closely related to the degree of aggregation (Audretsch & Feldman, 1996), so the above equation can be written in the following form:[image: $$ E= hM+l $$]

 (3.20)



This linear relationship between regional innovation efficiency and its degree of aggregation when the innovation input certain is a threshold constraint. Below this threshold, it means that the output in innovation production is less than the input and the innovation is inefficient.
The actual data for China are analyzed again from a dynamic evolutionary perspective. In Fig. 3.1, the curve fitting the relationship between innovation efficiency and innovation aggregation (dashed line) and the straight line indicating the relationship between innovation efficiency and aggregation constraint (solid line) cut Fig. 3.2 into three parts A, B, and C.[image: ]
Fig. 3.2Correlation and constraints between regional innovation output efficiency and innovation industry aggregation index


At the same level of innovation agglomeration, if the regional innovation efficiency is too high (Zone A), on the one hand, it indicates that the region has accumulated well-functioning practices in the evolutionary process and has been developed by succession to form path dependence. However, the disadvantage is that it may cause the regional development to be locked (Grabher, 1993) and trapped in a certain type of innovation model. Another possibility is that the regional innovation development model needs to be appropriate to its environment and resource factors, and if the region is already at high innovation efficiency, it just means that the current innovation model is the most appropriate one after evolutionary selection and the nature conditions of the region.
On the contrary, if the innovation efficiency is too low with the same degree of innovation industry aggregation (zone C), it may indicate that the region is still in the primary development stage or chaotic state under the current innovation model. Because the external innovation environment and internal innovation resources of the region are dynamic change, the regional innovation model is changing in order to pursue the maximum output. However, the reality may not be as expected, and often the appropriate innovation model is not freely explored and mutated due to resource or institutional constraints, or the results of the selection process may not be well retained due to too rapid environmental changes and thus may be trapped in an innovation development dilemma (McKelvey, 1997).
Regions with intermediate efficiency have the potential to make regional innovation model transformations (zone B). With moderate innovation aggregation and moderate innovation efficiency, regions are able to continuously emerge new ideas, have the flexibility to emerge variations, and have the stability to make the variations be applied (Hodgson & Knudsen, 2006). This balance provides the conditions for the evolution of regional innovation models.
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Footnotes
1The statistics of R&D expenses in the China Industrial Enterprise Database stopped since 2008.

 

2Due to the limitation of data source, we cannot obtain the innovation data of the spatial units of municipalities directly under the central government, so we cannot calculate the aggregation degree of Beijing City, Tianjin City, Shanghai City, and Chongqing City.
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Abstract
This chapter focuses on the dynamic process of the regional innovation model based on an evolutionary perspective. Based on the theory of innovation process, it is summarized as three types of dominated innovation links in regions, namely, science discovery, technology development, and production application. Based on regional process theory, it is summarized as three regional process stages, namely, aggregation, specialization, and hub. In this chapter, a regional innovation process matrix is constructed with the types of regional dominant innovation link as the horizontal axis and types of regional process type as the vertical axis, respectively. The regional innovation model is recognized according to the location of the region in the regional process matrix.
4.1 Introduction
Innovative activities take place in geographic space, and geographic proximity facilitates technology diffusion and reduces the risks and costs of innovative activities. The geographical location where innovation occurs is complementary to the competitive advantage of the region (Feldman, 1994). As analyzed in Chap. 3 on the spatial distribution of regional innovation, the differences in the geographic natures (Krugman, 1993) of regions result in the different variations in the evolutionary process of regions. The environmentally appropriate variations have been continuously self-reinforced to form routines and organizational structures and then become a unique regional innovation model.
This chapter focuses on the dynamic process of regional innovation models from the evolutionary perspective. The regional innovation process is analyzed with the help of the mature enterprise technology innovation process theory and regional process theory. Regions are in different stages of regional innovation process, which also correspond to different regional innovation models. The enterprise innovation process could be divided into three innovation links; they are knowledge discovery, knowledge transformation, and knowledge application. Within a certain spatial scope, each region shows different comparative advantages and competitive advantages in each innovation link due to different levels of primary and advanced elements and different spatial forces with its neighbors.
Knowledge discovery relying on basic research requires high quality of human capital. The knowledge discovery innovation link is dominated by research institutions and financed by the government. Knowledge transformation relies on applied research and requires a good manufacturing base as a condition of technological demand. The knowledge transformation innovation link is dominated by institutions of higher education and enterprises and financed by the government and enterprises. Knowledge application, depending on experimental development, requires the support of the relevant industry. The knowledge application innovation link is dominated by enterprises, and the funding comes from enterprises themselves.
The three types of innovation links depend on different innovation subjects, require different innovation resources, and creative economic values driven by their outputs. Considering the process view from the evolutionary perspective, the differentiation of regions is manifested in the different innovation links they dominate, so regional innovation policies cannot be generalized. When regions are at different stages of the innovation value chain (IVC) (Hansen & Birkinshaw, 2007), they need different resource importation and corresponding policy instruments.
From the perspective of the dynamics of regional development, aggregation-specialization-integration is a general basic process of regional evolution. The early development of regions is generally considered to be characterized by agglomeration. If considering scale effects, transportation costs, and flowing factors (Dixit & Stiglitz, 1977), the presence of externalities (Marshall & Marshall, 1920) makes neighboring regions facilitate access to inputs and labor and exchange new ideas. More and more enterprises aggregate spatially and form industrialization.
Next, regional specialization is developed. Adam Smith believed that the existence of trade makes each region develop industry with absolute advantage, and then specialization division of labor occurs. David Ricardo proposed the principle of inter-regional comparative interests, the cost of producing different products in each region makes different benefits, and the existence of comparative interests also leads to regional division of labor. The Smith-Ricardo theory explains the innate advantage brought by the structure of the resource and environment. The endogenous economic model of Dixit and Stiglitz (1977) further explains that, if the scale economy exists, different regions tend to develop different industries, which would generate acquired advantages, and then specialization occurs. The mentioned theory considers the movement of commodities. In fact, labor shifts due to the difference in wages. A portion of the population improves their skills through learning, which leads to differences in human capital across regions and further contributing to specialization.
Finally, the region development moves toward centralization. After regional specialization, trades in the region are enhanced, and closer ties lead to increased inter-regional cooperation. Regions remove trade barriers and combine original segmented small markets into large markets. Common markets are formed by expanding markets to obtain scale economy (Molle, 1997), resulting in the centralization of factor markets and the centralization of product markets. When regional and inter-regional linkages are strengthened, centers are no longer unique. The inter-regional markets form a flatter hub-network structure, leading to the hub development of regions.
The innovation process takes place in space. Due to the spatial variability and the sensitivity of innovation factors to distance, innovation also faces similar location choices as other economic factors, which defines that innovation would also follow regional processes. Therefore, it is reasonable and necessary to analyze the dynamic characteristics of regional innovation process based on the evolutionary perspective. Identifying the types of regional innovation processes and exploring their evolutionary mechanisms are important for enhancing regional innovation speed and achieving coordinated development of each region, as well as helping regions to formulate targeted science and technology policies. The literatures of regional innovation based on a dynamic perspective were few.
To this end, this chapter constructs a regional innovation process matrix that considers both innovation processes and regional processes from the perspective of the dynamics of regional evolution. The type of regional innovation process in each province of China would be categorized using the matrix framework. The type of regions in the innovation regional process matrix is the result of the evolution of regions according to their own geographical nature conditions and current environmental institutional constraints. The performance of regional innovation links and regional process is the performance of a series of routines accumulated in regional innovation activities, which also means the reflection of regional innovation mode.
4.2 Innovation Process
There are a great number of studies on the innovation process of enterprises. Bush (1945) proposed the traditional “Linear Model of innovation” in the 1940s that research (science) comes first, then development, and finally production and marketing. Two versions of the linear model of innovation are often presented: they are “technology-push theory” (Watson & Lippitt, 1958) and the “market-pull theory” (Schmookler, 1966) according to the starting point of the innovation process. In the 1980s, Kline and Rosenberg (1986) introduced the “Chain-Linked Model” of innovation, which emphasized the interaction between technology and market. In the 1980s, the “Integrated Model” was proposed to shorten the innovation cycle by parallelizing the conception, development, design, manufacturing, and marketing of innovation (Van et al., 1988, Pettigrew, 1985). Rothwell (1994) devoted to a comprehensive view of the “Networking Process Model” of innovation, which linked internal functions and external technologies with markets to form complex networks. It focused on the interaction and interdependence of network nodes.
The mentioned five generation model of the innovation process revealed the path of innovation occurrence. Numerous studies had developed Bush’s linear innovation process into a nonlinear (Kline & Rosenberg, 1986) one or even a network model (Rothwell, 1994). New models of the innovation process usually emphasized the interaction between the market and firms’ R&D activities. However, the fact that they must experience the creation of ideas, transform into technology, and finally reflect in the new products or processes has not been shaken. The innovation value chain theory (Roper et al., 2008) exactly described these innovation links. The first link of innovation is “knowledge discovery,” which may be created internally by the innovator or acquired externally (LööF & Heshmati, 2005; Cassiman & Veugelers, 2002). The second link is “knowledge transformation,” where knowledge is transformed into technology or process. It is closely related to the firms’s knowledge stock and management resources (Love & Roper, 2009; Roper et al., 2006). The third link is “knowledge application” where the new technology or process is turned into a product and sold to get better market performance (Geroski & Reenen, 1993).
Similarly, the Frascati Manual (Ocde, 2016) is the basis for measuring and classifying R&D activities, and Organization for Economic Co-operation and Development (OECD) has applied this standard since the 1960s (Cadeddu et al., 2012). Chinese governmental statistics department also implements this standard (NBS of China, 2011), which classifies the types of R&D projects as basic research projects to acquire new knowledge of basic principles, applied research projects to investigate the use of new knowledge, and experimental development projects to improve products and processes by using new knowledge and technologies (OECD, 2016).
This chapter summarizes the occurrence-development process of regional innovation into “science discovery,” “technology development,” and “production application” as three types of mutually coupled but independently separable innovation links. Take the automobile industry as an example, the science discovery link of converting thermal energy into mechanical kinetic energy, the technology development link of the piston internal combustion engine based on this knowledge, the production application link of developing automobile industrial products by using the internal combustion engine as the core.
4.2.1 Science Discovery
The science discovery link focuses on cognition of natural laws and phenomena, which is not oriented to specific applications or profits. The new science is not directly marketable and it is difficult to be protected by patents. So, it is generally carried in the form of public papers in academic journals. Such science is typical public good. New theoretical knowledge exhibits stronger non-exclusivity and non-competitiveness compared with the outcomes of other innovation links. Since theoretical knowledge can be used by others at low or even zero cost after publication, the knowledge discovery link is non-profit (Prettner & Werner, 2016) and relies on government funding.
The science discovery link is accompanied by difficult research, long R&D cycles, and high uncertainty of innovation outcomes (Liu & He, 2011), which is generally carried out by specialized research institutions such as universities and research institutes. Therefore, the advantage of the regional science discovery link usually relies on the spatial distribution of the higher education department. The university location, on the other hand, is inextricably linked to its historical background, national policies, and economic location, which means that it is related to the second geographical nature. Although the results of science discovery cannot be directly marketed, science discovery link is the source and foundation of innovation. The major theoretical improvements can breed new industries and boost unlimited economic output. Despite the low exclusivity of science discovery, regions that are the first to discover the theory still have a first-mover advantage and then transform scientific theory into technology and even commercialize it, for example, the “Cambridge phenomenon,” in which a high-tech industry cluster was formed around the University of Cambridge (Bruce, 1985).
4.2.2 Technology Development
The technology development link represents identifying possible uses of the scientific theory to solve a specific problem, which is demand-pull, technology-pushed, or both (Schmookler, 1966; Geroski & Walters, 1995). Their innovation outcomes can be protected by intellectual property rights through patents and traded in the technology market as well. Engineering departments of higher education institutions, research institutes, and high-technology enterprises are the main centers of technology development. The knowledge transformation process of exporting scientific theory into technology relies on the independent R&D capability of innovation agents rather than technology introduction or purchase. No matter for innovation agents or regions, long period of technology accumulation and continuous innovation investment are the basis of independent R&D capability and the internal condition of technology development link.
According to the four elements of Porter’s (1990) diamond theory on national competitive advantage, for demand conditions, technology development is the supply for new product manufacturing. So, the strong manufacturing foundation, as the demand side, is a favorable pull for the innovation link of technology development. The competitive environment, the regional policy environment, the financial environment, and the market environment also constrain the innovation capability. For the related industries, technological advantages could help enterprises expand their value chains and thus enhance their profitability, which also drives the development of upstream and downstream industry chain in the region. With the combined effect of knowledge spillover and cost synergy, industrial clusters and even industrial ecosystems are formed (Furman et al., 2000).
4.2.3 Production Application
The production application link represents producing new materials and equipment, new processes, new systems, new services, and new products for the final market, which depends on the input of invention achievements. It is the process of industrialization, marketization, and technology commercialization. Compared with the former two types of innovation links, the innovation difficulty of the production application link is relatively lower. The technology of production application link can be introduced through independent research or purchase; it could also be indirectly obtained through mergers, joint ventures, and introducing talents. Therefore, the production application innovation link requires less regional geographic nature conditions compared to the science discovery link and the technology development link. It has also become an entry road for many regions that have not accumulated innovation advantages.
Enterprises, especially manufacturing enterprises, are the main executive departments of that practice application link. New processes could help enterprises reduce costs, new products could help expand markets and increase sales, and new management processes could help enterprises improve operational efficiency. Considering the “iceberg theory” of cost transportation, the production application link, which uses commodities as the innovation carrier, is more likely to occur in areas close to the product market. In the region where the production application is superior, the overall market share of enterprises in this region would also be significant, which contributes to ultimate economic output. The better profitability of enterprises leads to higher regional tax revenue, and then more financial subsidies and R&D funds would be invested in the production process of enterprises, forming a virtuous circle. New product creation and enterprise income increase promote each other, forming a cumulative causal relationship, and the repeatedly proven decision-making and organizational practices are retained as routines in evolution process. At this point, the region may develop path dependence in this cumulative causality mechanism and further expand its advantages in the production application link or mutate and then transfer to other innovation links.
4.3 Regional Differences in Innovation Process
In fact, various regions exhibit heterogeneous innovation advantages in three different innovation links, and this heterogeneity of regional innovation advantages is just the basis of regional innovation evolution. According to the theoretical explanation in Chap. 3, we think that the main reasons for the different performance of regions in each innovation link lie in the following aspects.	1.
Geographical Nature. Due to the different resources invested in various innovation links, each region shows heterogeneous regional advantages in each innovation link due to its own natural and man-made factor endowments. Regions with advantages in higher education base would make achievements in science discovery and technology development innovation links due to their superior human capital conditions. Regions with good economic location would generate a strong demand for technological inventions due to their developed industries, thus pulling the development of technology development innovation links. Regions with a comfortable climate and favorable policies could also attract a large number of enterprises, which are the main sectors responsible for production application innovation link.

 

	2.
Regional Development Advantages. Regional innovation implies competition, so we analyze the problem from the perspective of demand conditions of Porter’s competitive advantage of nations theory. Enterprises in different product life cycles (Utterback, 1975) require different levels of innovation. For regions, high-technology industrial cluster regions are high in demand for deep level innovations such as new knowledge and inventions, while low- and medium-technology industrial cluster regions are high in demand for shallow level innovations such as product application processes. This once again causes regional differences in innovation links.

 

	3.
Innovation Bias. As recognized in Chap. 3, innovation bias implies a preference for innovation efficiency over innovation aggregation, with different outcomes of different innovation links at different levels of aggregation. The knowledge originates from the science discovery link and needs to be imported into research institutions or high-technology enterprises and then transformed into technology. So, the networks of regional innovation are different. In contrast, the output of the production application link is the end-use goods, which are directly oriented to consumers. Products are supplied to different economic sectors, which results in different benefit to regions. Thus, the innovation bias leads to different regional innovation performance.

 

	4.
Spatial Interaction Network. From the perspective of the innovation capability gap compared with adjacent regions, the knowledge spillover effect further amplifies the advantages or disadvantages in various innovation links of regions. Thus, an innovative network structure would be created in space, forming R&D hubs, new production supply chains, and market networks.

 




4.4 Regional Process
Innovation is the comprehensive process that integrates economic, social, political, and cultural aspects. Porter (1998) concluded that the mobility of technology makes innovation more efficient. Schumpeter (1912) believed that innovation factors were non-uniformly distributed in space and time, so that cycles were created. From the perspective of industrial linkages, the industrial linkage between intermediate goods and final commodities leads to the regional concentration of economic activity. Intermediate goods are influenced by transport costs and scale economy, so spatial economic differentiation in the production process is inevitable (Venables, 1996). The regional economic growth arises from the geographic proximity of production departments and the resulting in productivity improvements. Due to inter-regional factors flow and inter-industry input-output linkages, the production factors aggregate at first and then the input-output linkages between intermediate goods and their upstream and downstream industries contribute to the geographic concentration of firms and the formation of industrial agglomerations (Venables, 1996).
The uncertainties of the industrial development process are numerous. The initial aggregation is the small accident of early history, and the initial advantage is magnified by “path dependence,” thus producing the lock-in effect. Industries and locations that have formed agglomeration advantages are path dependent, and the continuous convergence of capital and labor intensifies path dependence. Due to the scale economy and path dependence, the incremental returns to scale and lower transportation costs become the “centripetal force” of industrial agglomeration and produce cumulative effects, thus forming the unbalanced spatial structure of “center-periphery” (Krugman, 1991).
Therefore, given the mobility of innovation factors and the non-static nature of regional structure, we believe that regional innovation also has its own evolutionary process. The region would go through three types of regional innovation process: they are innovation aggregation, specialized division of innovation, and hub in innovation network.
4.4.1 Aggregation
Feldman and Audretsch (1998) suggested that innovation activities had the spatial tendency to cluster in a particular region. Among the various industrial agglomerations, high-technology industry agglomerations are particularly visible, e.g., Silicon Valley accounts for 40% of electronic products in the United States and the Zhongguancun district in Beijing accounts for half of unicorn companies in China. To some extent, knowledge spillovers, intermediate goods sharing, and external scale economy explain the clustering of innovations (Marshall & Marshall, 1920). The region’s own conditions are the first factor in the spatial distribution of innovation, and spatial centripetal force is the second factor; they cause the redistribution of innovation. Based on Alfred Weber’s industrial location theory (Weber, 1909), the agglomeration process often initially occurs around universities or in areas with a developed industrial base. In the second stage, geographic proximity within innovation high-density regions allows for closer cooperation and exchange. At the same time, the flow of talent and capital could accelerate knowledge spillover and technology diffusion, which leads to economies of scope through joint production and in turn triggers the emergence of more similar enterprises.
When analyzing the regional industrial agglomeration process from an evolutionary perspective, the first enterprise may be accidental results under the regional conditions at that time (Arthur, 1994). Assuming that firms have unique routines (Nelson & Winter, 1982), business founders rely on routines familiar from previous employment, which allows the routines of earlier businesses to be transmitted through new business founders (Brittain & Freeman, 1986). Firms that have inherited practices have more appropriate routines and surpass similar competitors (Klepper, 2001). The great number of companies with inherited routines emerge in a given space, which forms the industrial agglomeration. Aggregation is a derivative mechanism by which existing organizations gradually build new organizations through succession (Arthur, 1994).
Krugman’s (1991) “lock-in” effect theory of industrial agglomeration also explains the cumulative circular mechanism of agglomeration advantages. Beijing Zhongguancun district, the cradle of the Internet in China, is a typical example in this regard. At first, some graduates from Peking University and Tsinghua University established high-tech enterprises around their schools, where human resources were abundant and low cost, such as Baidu, JD.com, Meituan, Storm Video, Renren.com, and so on. After that, more and more startups chose to locate in Zhongguancun district. The high density of startups created a good entrepreneurial atmosphere and attracted many startup funds, which, together with generous startup policies and high-quality human resources, made Zhongguancun district the heart of China’s Internet industry, and such lock-in benefits brought about the initial gathering of innovation.
4.4.2 Specialization
The significance of specialized division of labor for production progress was discovered as early as the seventeenth century by William Petty. Adam Smith and David Ricardo believed that regions would like to choose industries with comparative advantage to develop when trade occurs. Under the scale economies model of Dixit and Stiglitz (1977), regions would still be able to generate the acquired (endogenous) comparative advantages in a given specialty, which also drives the specialization of innovation. The formation of specialization is based on the fact that companies tend to concentrate in specific locations, and different related businesses tend to concentrate in different locations.
Regional specialization could accelerate industrial knowledge spillover, build up advantages in human resources, and concentrate more valuable technological capital. High-tech industries, which are the main industries of innovation, exhibit particularly obvious regional specialization, such as “Light Valley” in Wuhan City, software outsourcing industry in Dalian City, consumer electronics industry in Dongguan City, and aviation industry in Shaanxi City. The stable innovation advantage is usually formed through aggregation, which is often matched with its innovation factor endowment and regional advantageous industries. For example, the innovation advantage of electronic communication industry complements its industrial advantage in other electronics manufacturing in Shenzhen City.
On the one hand, since manufacturing is the main demander of innovation outcomes, specialization in regional economic production would drive to innovation specialized in related industries. For example, the innovation advantage of Shenzhen City is concentrated in the electronic communication industry, while not significant in aerospace manufacturing, medical chemical, and other industries. On the other hand, due to the cumulative nature of innovation, prior innovation advantage would reduce the cost of innovation in that field and accumulate relevant technical talents, making subsequent innovation more likely to occur in the field with prior advantage. The innovation factors such as R&D funds and human resources are mobile, so innovation would slowly concentrate in the field with prior advantage and form innovation specialization. Under the concept of industrial division of labor, the innovation activity itself will form a specialized R&D industry, which would provide R&D outputs creative to the society as a commodity for trade. Generally, the industrialization of R&D would become the inevitable trend.
From the evolutionary perspective, similar enterprises tend to prefer neighboring locations to save local search costs. There are multiple similar successful companies exist in a region, which indicates that the location factors in the region are suitable for such companies, as well as the unsuitable location factors have been discarded in the previous selection process. Therefore, new enterprises could take advantage of the accumulation of institutional environment, infrastructure, and labor skills of existing enterprises in the region, which allows the cluster to grow rapidly. At the same time, complementary companies are attracted by strong local demand or supply capacity, and the cluster is expanded at the industrial chain. This is an evolutionary chain of cumulative causality (Myrdal, 1957), which deepens knowledge accumulation and fosters a large number of well-performing routines. It promotes industrial specialization. However, once routines become outdated, overspecialization may stagnate in development because of the inflexibility of the routines (Cornwall and Cornwall, 2001).
4.4.3 Hub
After regional innovation specialization, the fact that regions still have demand for other technological outcomes has led to a further strengthening of interregional R&D cooperation and technology trade. This results in the formation of tightly connected spatial aggregates of innovation, which also gives rise to the phenomenon of regional innovation networking. Regional innovation network is similar to the concept of the innovation network (Freeman, 1991), both of which are based on innovation cooperation, but the former emphasizes cross-regional cooperation and inter-cluster linkages. In the background of innovation specialization, different regions need to complement each other’s innovation advantages and share resources and risks, so cooperation becomes the ultimate choice, and regions would eventually form the innovation networks. Moreover, innovation diffusion between regions through cooperative R&D, technology transfer, talent flow, multi-national companies, and inter-regional trade occurs. Knowledge, as a public good, naturally flows in the unbalanced space of regional science and technology resources, and then innovation diffuses from the network hub to the periphery (Pred, 1977). This means that with the development of information technology and rail transportation, the geographic structure of innovation evolves from the center-hinterland structure to the hub-network structure (Hojman & Szeidl, 2008; Cantwell & Janne, 1999).
From the perspective of evolution, economic agents intend to seek partners to exchange knowledge and ideas, which is for the reasons of reducing risks, sharing development costs (Deeds & Hill, 1996; Baum et al., 2000), and combining complementary resources to increase the success rate of innovation (Nooteboom, 2008; Teece, 1986). The establishment of knowledge exchange relationships requires certain conditions. Firstly, the knowledge stock (technology level) gap between partners is appropriate; too large the gap would lead to cognitive difficulties, and too small the gap would not enable the exchange of too much knowledge (Cantner & Graf, 2004; Cantner & Meder, 2007). And at the same time, the absorptive capacity (cognitive ability) of knowledge recipients tends to be negatively correlated with the distance between knowledge transmitters (Cohen and Levinthal, 1990). This is because in addition to the cognitive gap, knowledge exchange is also influenced by cultural factors such as custom and language, which are closely related to geographical proximity. In neighboring regions, knowledge exchange networks are usually formed due to the proximity of knowledge perceptions, spatial distance, and cultural organization among partners (Boschma, 2005). Knowledge exchange networks enhance the overall knowledge stock and make it increasingly similar between partners. But local knowledge creation increases the respective heterogeneity. The higher the degree of knowledge creation, the more attractive the partners are and the more external ties are formed. This also allows regions with higher specialization to hold more external links for knowledge exchange (Cantner & Graf, 2004), constituting the hub of regional knowledge convergence and diffusion networks.
4.5 Regional Innovation Process Matrix
All these mentioned characteristics distinguish regional types of innovation, and at the same time, various regional innovation types from different perspectives are parallel existence. So, from a management point of view, a matrix structural understanding may be needed.
Based on the differences of regional innovation links and the evolution of regional innovation process, we constructed a matrix of regional innovation evolution process with regional process as the column and innovation links as the row (Fig. 4.1). The types of the region in the matrix of regional innovation process are the result of evolution under nature of geography and competitive advantage. The type of the region in the regional innovation process reflects the set of accumulated routines after the regional innovation evolution, which corresponds to the regional innovation model.[image: ]
Fig. 4.1Regional innovation process matrix


The regional innovation process matrix classifies regional innovation models into nine types: science discovery-hub, technology development-hub, production application-hub, science discovery-specialization, technology development-specialization, production application-specialization, science discovery-aggregation, technology development-aggregation, and production application-aggregation.
Science discovery-hub innovation regions are solidly based on innovation with great potential to develop new markets and have established stable innovation networks. Science discovery-hub regions tend to have a good human capital base, because innovation activities, especially theoretical innovation, are intellectual activities. At the same time, regions belonging to the science discovery-hub innovation model also have a predominant transportation location, because the convergence of innovation resources as innovation centers relies on a well-developed transportation network. With the continuous development of information technology, the decay of knowledge externalities with distance is slowly being impacted by the increased level of information technology. And the traditional diffusion of knowledge through transportation networks is slowly changing to knowledge spillover through information networks.
For the technology development-specialization innovation region, technology development is the way to transform theory into production. The technology development innovation link cannot be separated from the production activity base of industries themselves, and the industrial economy is the demand condition of technology development link. The advantage of the technological development innovation link implies the existence of the economic location advantage, which corresponds to the second nature of geography. And the specialization of regional innovation means that the innovation activity has become a high output efficiency economic activity in the region, and the high efficiency innovation activity makes the economic output of the region benefit more. In some regions with high innovation specialization, innovation industry may have become a local pillar industry.
For the production application-aggregation regional innovation model, the production application link is the terminal of the innovation value chain and is also the closest to the market. The role of innovation in enhancing economic output and social welfare is ultimately generated through product launches into the market. And the relationship between production application innovation link and economic activities is most direct. Therefore, regions superior in production application innovation link are generally also the active regions for industrial trades and consumer markets. Regions form automatic knowledge in the process of evolution and thus accumulate good routines, which could reduce the costs of decision-making and organization in the production application innovation link. For the less advanced regions without innovation accumulation, the initial innovation advantage could be established by introducing high-technology companies or purchase technology and then produce new products. After the initial innovation advantage is established, economic agents are more inclined to look for solutions in neighboring spaces and neighboring industries. And this advantage would continuously attract other economic agents to join, establishing related groups and forming path dependence. Eventually, this advantage in the production application innovation link would be continuously amplified and strengthened, and then it would develop into the production application-aggregation regional innovation model.
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Abstract
According to the regional innovation process matrix, the regional innovation models were defined into nine types in this chapter. Based on real-world statistical data, this chapter classifies the types of regional innovation models for each province in China and has insight in how they have developed into their regional innovation models, defining the regional innovation model of provinces in China from the perspective of evolution based on the position of the province in the regional innovation process matrix. The regional innovation model of each province is analyzed, and the formation is explained one by one. This section observes the relation between the performances of regional innovation effectivity and innovation aggregation and the type of regional innovation model.
5.1 Scope, Timeframe, and Data Sources
To assess the performance of provinces in each innovation link and regional process, regional science discovery, technology development, and production application are evaluated based on the number of published papers, profit applications, and new product sales revenue, respectively, while regional innovation aggregation, specialization, and hub are calculated using the aggregation index of R&D expenditure, high-technology industry location entropy, and inter-regional technology market turnover, respectively (Tietze & Herstatt, 2009). The statistical data would be obtained from China Statistical Yearbook, China Statistical Yearbook on Science and Technology, and China Statistical Yearbook on High Technology.
According to Porter’s (1990) theory of competitive advantage of nations, innovation is a regional competitive advantage, which is acquired and created. Therefore, the judgment of regional dominant innovation link and regional process stage in this chapter is obtained through inter-regional comparison, i.e., in which innovation link or regional process of the region has more advantages compared with other regions. The most advantageous innovation link of the region is judged as the innovation process type of the region. Herewith, if the performance of a certain innovation link in a region exceeds half of the provincal regions in China, and this link is the most advantageous innovation link in this region, then the region is judged to belong to this type of innovation process. The same rule of judgment is adopted for the region process.
5.2 Identify Regional Innovation Model of Provinces in China
We evaluate the dominant innovation links and innovation process stages of each province in China (Fig. 5.1), and the innovation process stages in which the region is located are a reflection of the regional innovation model in an evolutionary perspective. In this book, we focus on regional innovation models as the result of evolution under current resource and environmental constraints, as a combination of the most dominant choices among the technological innovation links and regional process stages, and as a comparison of the degree of regional performance in several technological innovation links or innovation process stages in the evolutionary process, which is retained in the selection on the basis of merit. Therefore, there is no inter-regional comparability, and there is no best innovation model, but only the most suitable innovation model for the region.[image: ]
Fig. 5.1Regional innovation models by province in China


Here we consider that the region is classified to such an innovation link type if its performance in this innovation link exceeds that of half of the provinces in China and the link is the most advantageous innovation link in this region. The same rule of judgment is adopted for the innovation region process stage. Therefore, innovation disadvantaged regions such as Tibet Province, Inner Mongolia Province, and Qinghai Province are not analyzed for regional innovation process type.
From the distribution of regional innovation models, the regional innovation models of provinces are concentrated in the science discovery-hub type and production application-aggregation type, while almost no provinces belong to the science discovery-aggregation type or production application-hub type. This indicates that the closer the front end of the innovation chain is, the closer the inter-regional cooperations are. The study of interregional dissertation cooperation by Hou (2015) also found a high overlap between regions with high dissertation production and regions with high dissertation frequency cooperation, indicating that the science discovery link itself has certain requirements for regional cooperation and also promotes the formation of interregional cooperation networks. The concentration of science discovery-hub types also suggests that the strength of the theoretical output link is complementary to the diffusion of its results and that theoretical innovations are more likely to attract cooperation and spillover between regions than technological innovations. The fact that few regions are of the science discovery-hub type indicates that science discovery cannot rely on separate efforts alone but requires cross-regional cooperation, while science discovery takes papers as outcomes, and the public publication channel for releasing results also allows the diffusion of theoretical knowledge to break through geographical restrictions, rather than being concentrated in certain regions alone.
Similarly, more provinces belong to the production application-aggregation regional innovation model. The production application innovation link that realizes technology development through process advancement or new product creation has a low innovation replication threshold and can be easily imitated by firms in adjacent locations, thus forming an innovation aggregation for certain types of products (Rui & Swann, 1998). And the production application link, rooted in industrial production, the process of industrial gathering, has led to a large number of upstream and downstream related enterprises, talent and capital convergence, for the production application link to accumulate innovative elements. Jaffe (1989) also pointed out that the concentration of industry production locations was the reason for the concentration of innovation. Other provinces are scattered in science discovery-specialization, technology development-aggregation, technology development-specialization, technology development-hub, and production application-specialization regional innovation models.
Figur﻿e 5.1 shows the types of regional innovation models of each province in China, based on the China Statistical Yearbook on Science and Technology of 2017.
Guangdong Province belongs the production application-agglomeration regional innovation type, and its geographical advantage of being located in the Guangdong-Hong Kong-Macao Bay Area gives Guangdong Province a first-mover advantage by benefiting from the knowledge spillover from Hong Kong to the mainland. The coastal ports have greatly facilitated Guangdong’s trade development, making the economy of Guangdong Province trade-oriented for a long time. Due to historical reasons, the number of top universities and research institutions in Guangdong Province is not outstanding compared to Beijing and Shanghai. The establishment of Guangdong Province’s innovation advantage mainly comes from imitation innovation in processing trade, followed by continuous technology accumulation and gradual improvement of independent innovation capability. Although Guangdong Province already has strong independent R&D capabilities in some new industries such as computer and electronic communication industries, it has an overall advantage in applying new technologies for product production rather than developing new technologies. At the same time, although Guangdong Province has specialized in many high-tech industries, and the degree of specialization is among the highest in the country, it is slightly inferior compared to the degree of aggregation of innovative industries in Guangdong Province. Considering the large economic volume and early development of Guangdong Province, which may bring industrial “inertia,” the superiority of technological innovation and the dominance of regional innovation process cannot be changed overnight. Of course, this does not mean that Guangdong Province, which belongs to production application-aggregation type, lags behind provinces that are science discovery-hub regional innovation model in terms of specialization and technology development level. It is just that, in comparison with itself, Guangdong Province performs most prominently in the production application innovation link and innovation industry aggregation.
Zhejiang Province belongs to the production application-aggregation regional innovation model. Zhejiang Province also relied on trade development in the early stage, with workshop-style factories stimulating economic dynamism and a rapid aggregation of similar enterprises. However, it is also the small size of enterprises that makes it difficult to engage in high-level technological innovation. Zhejiang Province also has a lower share of new industries than Jiangsu Province and Shandong Province of the same economic size, which means that the demand conditions for innovation activities in Zhejiang Province are poorly realized. At the same time, the number of higher education institutions in Zhejiang Province is not as many as in Jiangsu Province, and the foundation in the technology development and science discovery innovation links is insufficient. Therefore, Zhejiang Province has been in the production application-aggregation type of innovation model.
The innovation model in Shandong Province is also the production application-aggregation regional innovation type. The economic development of Shandong Province is government-led and resource-led. Influenced by the distribution of resources and local government policies, industrial agglomeration is prone to occur. However, government domination may weaken the innovation dynamics of enterprises themselves, and the institutional and environmental practices accumulated over the years are difficult to change. Resource-based enterprises have high industrial inertia, and variation is difficult to occur and retain, so innovation and transformation are also more difficult. At the same time, the analysis on innovation industry aggregation and innovation efficiency in Fig. 3.​1 can see that the innovation industry in Shandong Province has a high degree of aggregation but the innovation efficiency is not as high as it should be. This also reflects the existence of industrial inertia in Shandong Province, which may even have fallen into the lock-in effect. Therefore, Shandong province is still in the production application-aggregation type of innovation model.
Hunan Province is the production application-aggregation regional innovation model. As an inland region, Hunan Province has mining, metal processing, and food and tobacco processing as its leading industries. These resource-intensive and labor-intensive industries reduce transportation and information costs through aggregation, but at the same time, it is more difficult for disruptive innovation to occur in these low knowledge density industries. Therefore, Hunan Province is currently the production application-aggregation type of innovation model.
Chongqing City is the production application-specialization regional innovation model. Chongqing City lies in the Yangtze River Economic Belt and is one of the twin centers of the Chengdu-Chongqing Economic Zone, which has the advantage of economic location. Chongqing City has a vast market with its back to the southwest and good demand conditions for innovation activities. Chongqing’s automobile manufacturing, equipment manufacturing, and electronic information industries contribute more than two-thirds of the industrial value added. These industries are sunrise industries that breed major development changes, and the high production complexity and comprehensive nature of these industries, covering almost the entire industrial chain, naturally lead to a highly specialized division of labor in related industries. In recent years, Chongqing City has focused on attracting investment and attracting industry-leading companies to the city. Although Chongqing City is currently in the production application link of the innovation industry chain, after a certain amount of technology accumulation, it is very expected to prevail in the technology development innovation link.
Anhui Province currently belongs to the technology development-aggregation regional innovation model. Anhui Province is located at the periphery of the Bohai Rim Sea economic circle and has undertaken the transfer of advanced industries from the coast, which has brought rapid development to the regional economy; especially the rise of Hefei Province in the last decade is evident to all. Anhui Province has spared no effort to introduce medium-end and high-end manufacturing industries, which also bring talents and equipment to create advanced technologies. At the same time, the local transformation of technological achievements by the University of Science and Technology of China, a top science and technology institution, has also greatly contributed to innovative output. However, these high knowledge density industries have settled in Anhui Province for a short period of time, and it will take some time to accumulate before the industry becomes specialized.
The regional innovation model in Sichuan Province is the technology development-specialization type of regional innovation model. Chengdu City, the capital of Sichuan Province, is the center of the Chengdu-Chongqing economic circle, also backed by a large southwestern market. Sichuan Province has seized the opportunity to support electronic information, a knowledge-intensive industry, as the first pillar industry. Sichuan Province is also a manufacturing base for major technical equipment in China, and the advanced materials and energy and chemical industries also occupy an important position. These industries have complex industrial processes and high requirements for professional division of labor, which also lead to a high degree of industrial specialization in Sichuan Province. At the same time, for historical reasons, Sichuan Province has been a major rearguard during the recent decades of war, preserving many high-quality educational resources and training a large number of talents, which also allows Sichuan Province to preserve the strength of technological research and development.
Jiangsu Province is the technology development-specialization type of regional innovation model. The number of patent applications in Jiangsu Province, surpassing Beijing Municipality and Shanghai Municipality, ranks first in China. First, Suzhou City was the economic center of China in the Ming and Qing dynasties (Wu, 2010), and the Yangtze River Delta is a long-standing industrial center with a strong manufacturing base, high-quality human capital, and a strong technology base. Jiangsu Province has the second highest value-added secondary industry in China, with a 45% share of secondary industry. The large-scale manufacturing base provides market demand for the development of R&D industry. When the manufacturing production is specialized, the R&D industry serving the manufacturing industry is also specialized, and its R&D outputs such as invention patents and design solutions can be delivered to non-aggregated areas, forming a specialized R&D division of labor with Jiangsu Province as independent innovation and other provinces as absorption innovation. Jiangsu Province’s high-quality human resources, as important R&D factors, support for the innovation output. Secondly, Jiangsu Province has the second highest number of “double first-class” universities in China (15 universities), second only to Beijing with many universities, which is far better than other large economic provinces such as Guangdong Province, Zhejiang Province, and Shandong Province in terms of talent supply. Finally, enterprises are the main body of innovation in Jiangsu Province; 86% of the R&D expenditure in Jiangsu Province comes from enterprise funds. Various R&D institutions focus on applied research rather than basic research, and 98% of R&D funds are spent on applied research and experimental development; even research institutions and universities spend 95% of R&D funds on applied research and experimental development, which is almost the highest ratio in China. Moreover, Jiangsu Province encourages and guides horizontal science and technology cooperation between enterprises and universities, which not only secures funding sources for R&D activities but also promotes the effective transformation of scientific and technological achievements.
Fujian Province also belongs to the technology development-specialization type of regional innovation model. Influenced by culture, people of Fujian Province are usually good at doing business, and private capital is active and attracts many expatriate investors. Entrepreneurial spirit and sufficient capital promote the development of enterprises, and when the same type of enterprises compete, innovation becomes the only way out. For example, domestic sports brands ANTA, 361°, Xtep, and Qiaodan are all located in Jinjiang City, Fujian Province, realizing the brand differentiation with continuous development. Although Fujian Province is not outstanding in the three technological innovation links and three regional stages, its development started early and entered the regional innovation model of technology development-specialization.
Tianjin Municipality is the technology development-hub regional innovation model. Tianjin’s proximity to Beijing has, to a certain extent, taken over the transformation of Beijing’s technological inventions in Tianjin. At the same time, Tianjin also has top-notch higher education institutions, which provide talent guarantee for technology development. Due to its industrial attributes, it is not possible to relocate some parts of Tianjin’s industrial chain to the neighboring Hebei Province and Shandong Province and achieve the same prominent radiation effect as Shanghai Municipality has on Jiangsu Province and Zhejiang Province. However, as an economic hub in the north, the Binhai New Area, Free Trade Zone, and other industrial demonstration zones in Tianjin have greatly boosted regional development and increased its links with northern cities. This has laid the foundation for it to become the technology development-hub-type innovation model.
The regional innovation model of Shanghai Municipality is science discovery-specialization type. Shanghai is the industrial center of China in the economic and geographical sense. Unlike Beijing, Shanghai’s manufacturing industry is large in scale and has a well-developed upstream and downstream industrial chain. The production of advanced manufacturing industry opens up market demand for R&D industry and takes the path of specialized R&D providing productive technology services, forming a good complementary and division of labor with the manufacturing industries in Jiangsu Province and Zhejiang Province. Moreover, Shanghai Municipality has a large number of universities and research institutes, with a good human capital base and high starting point, dedicated to breakthroughs in major scientific advances. Although Shanghai, as one of China’s scientific research centers, performs better in knowledge discovery, transformation, and application, and in innovation industry aggregation, specialization, and centralization, Shanghai is most prominent in science discovery and specialization in comparison.
Beijing Municipality is the most typical representative of the science discovery-hub regional innovation model. As the capital of China, Beijing has an unassailable central position in politics and economics with a large number of higher education institutions, research institutes, and corporate R&D centers. Thanks to its location as the capital, Beijing is home to one-fifth of the country’s top universities, one-fourth of the government’s research funding, and half of the national laboratories.1 Top talent, abundant project funds, and supporting major scientific installations give Beijing’s innovation a triple advantage in terms of people, money, and materials. Beijing’s innovation activities are dominated by basic research, and the Beijing region leads the country in the number of published papers, making it the nation’s innovation hub city. Beijing is home to many top-notch institutions and an abundance of scientific talent, while the Ministry of Science and Technology and the Ministry of Education value investment in Beijing’s universities and research institutes, and national laboratories and major scientific installations are concentrated in Beijing. In addition, the value of technology contract transactions in Beijing is close to 60 billion dollars, accounting for half of the national technology contract market, and the majority of technology contracts go to other regions of the country besides Beijing. Beijing’s unshakable position as a national source of technology radiation is due to the cultivation of the technology market. In 2009, the Beijing Municipal Science and Technology Commission promoted the establishment of the “Beijing National Technology Exchange Center,” which improved the technology exchange chain services, integrated technology exchange resources, and standardized the technology exchange mechanism, making the annual compound growth rate of Beijing’s technology exchange reached 20%. However, the technology trading contracts in Beijing mainly go to other regions and are not transformed locally in Beijing. On the one hand, Beijing’s manufacturing industry is not its mainstay industry, and the value added of its secondary industry is only 19%, which makes it impossible for theoretical achievements to apply locally. On the other hand, Beijing has sufficient human resources for research, but lacks business talents and weak commercial awareness. The commercialization process of Beijing’s theoretical outputs is often done by enterprise-level R&D platforms in the Yangtze River Delta Region and Pearl River Delta Region.
Hubei Province belongs to the regional innovation model type of science discovery-hub. Wuhan, the capital of Hubei Province, is the largest city in terms of economic scale in six provinces in central China and is located at the intersection of the Yangtze River waterway and the Beijing-Guangzhou high-speed railway, with significant economic and transportation location advantages, making it a central hub. The automotive industry, which requires highly technical processes, has always been a traditional strength of Hubei Province, and the famous Hubei Optics Valley, a high-tech zone established in the 1980s, has the well-developed medium-end and high-end manufacturing industries as the important driver of innovation. At the same time, the number of first-class universities in Hubei exceeds the national average and has considerable advantages in education resources and talent supply, which is the basis for theoretical breakthrough.
Shaanxi Province also belongs to the science discovery-hub regional innovation model. Shaanxi Province is the economic center of northwestern China, creating a radiating effect. Shaanxi is the important military industrial base and aerospace base in China, which places an extremely high demand on scientific research capabilities. Shaanxi Province also has a far greater number of double-class universities than other similar provinces, which also train and deliver talents to the surrounding areas. The human capital reserve and the level of information technology highlight Shaanxi’s acquired advantages, and as a major northwestern town in the second nature of economic and transportation location, Shaanxi is therefore an innovation hub in northwestern China.
The type of regional innovation model in Liaoning Province is science discovery-hub. Liaoning Province is the largest and most populous province of Northeast China in terms of economic scale and has a certain radiation effect on the development of the Northeast. The economy of Northeast China started early and is dominated by heavy industry, with a good foundation for facility construction and a high urbanization rate. The economic development is mainly driven by the government, and private enterprises are relatively less dynamic. The main executive units of innovation activities are higher education institutions and research institutes, and the innovation output is mainly theoretical knowledge, supplemented by technical processes. Among several innovation links and several types of regional processes, Liaoning Province has the most obvious advantages in knowledge discovery and playing the role of an R&D center and thus exhibits the science discovery-hub regional innovation model. However, this does not mean that Liaoning Province performs better in the science discovery link or in playing the role of R&D center than Guangdong Province in the production application-aggregation type but only that each region, under its own link resource constraints, performs most prominently in the link and type corresponding to the regional innovation model to compared with itself in other links and types.
5.3 Agglomeration, Efficiency, and Regional Innovation Model
Through comparative observation, we find that the provinces that enter the regional innovation model matrix, i.e., those that dominate in one of the three innovation links or three types of innovation regions process, are all in Zone I in the upper right corner of Fig. 5.2 on the relationship between the degree of innovation industry aggregation and innovation efficiency. They include Guangdong Province, Shandong Province, Jiangsu Province, Zhejiang Province, Liaoning Province, Jilin Province, Shaanxi Province, Fujian Province, Hubei Province, Hunan Province, and Anhui Province.[image: ]
Fig. 5.2Innovation industry aggregation index and innovation efficiency by province in China


This indicates that the construction of regional innovation advantage requires, first of all, the certain degree of aggregation of innovation industries, which corresponds to the location advantage of the second geographical nature. The low degree of aggregation in Zone II and Zone III does not meet the requirements. The second is the high innovation efficiency, which implies more benefits in innovation activities under the assumption of innovation bias. Zones III and IV have too low innovation efficiency and do not meet the requirement. Finally, the relationship between the degree of innovation industry aggregation and innovation efficiency is required to be healthy, i.e., not a high efficiency-low aggregation or low efficiency-high aggregation situation. Zones II and IV do not meet the requirement. For example, Henan Province and Jiangxi Province in Zone II, although their utilization efficiency of the same innovation input is higher than the average provinces, their aggregation capacity of innovation resources is not enough to attract subsequent capital and labor resources for sustained innovation. At the same time, high innovation efficiency tends to make them fall into the cumulative effect under the role of path dependence and self-expectation, thus exacerbating uneven development. Therefore, for the provinces in Zone II, strengthening their own innovation location conditions and continuously gathering innovation resources would gradually build up their own innovation advantages. Since for most provinces, the relationship between innovation efficiency and innovation industry aggregation coincides with the Inada Condition and is a convex function, there are no provinces with extreme cases of extremely high aggregation but extremely low innovation efficiency.
It is important to emphasize that there is no hierarchy of regional innovation models in the regional innovation model matrix. Not all regions need to evolve toward the upper right corner of the regional innovation matrix. Each region is different in its own geographical nature, and the direction of evolution is the innovation model that is suitable for the region.
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Abstract
This chapter analyzes the stylized facts of the regional innovation models evolution based on the science and technology statistics of each province in China over a decade. It is found that the evolution of regional innovation models is selective, which is closely related to regional innovation effectiveness and innovation industry aggregation. This chapter also gives explanations for the stylized facts of the innovation models evolution through the nature of geography theory; the generalized Darwinian theory about selection, variation, and retention; and the theory of path dependence formation under the cumulative causal mechanism. This chapter also discovers that the spatial structure of regional innovation models shows the center-periphery ring structure at present, while, with the establishment of transportation networks and information networks, this structure would change to a hub-network structure.
6.1 Introduction
From the analysis in Chap. 3, it is clear that there are regional differences in innovation advantages due to differences in nature of geography, i.e., natural endowments and acquired economic levels and transportation accessibility. Under the proposal of innovation bias, regions could not benefit equally from innovation activities, which further increases the differences in innovation advantages among regions.
Evolutionary theory considers differences are the basis for selection, variation, and retention processes. Regions could learn from their own experiences and develop path dependence under cumulative causal mechanisms. Regions could also learn from other regions, exchange organizational and technological knowledge, and gain variation from learning. The outcomes of learning cannot be determined in advance, but learning can expand the search for viable innovation opportunities (Arthur, 1994).
As analyzed in the previous chapters, the regional innovation model represents a series of evolution routines based on its own natures of geography. The first nature of region is exogenous and natural, which has a restraining effect on regional innovation models and is difficult to change artificially. However, the second nature of region is endogenous and could be changed by economic development and building transportation networks. If the conditions of regional nature of geography changed, the variation of adapting to the environment would occur. After a series of evolutionary processes of selection and retention, the regional innovation model might change with it, or it might stay in the original regional innovation model due to the existence of path dependence.
Chapters 4 and 5 construct a regional innovation process matrix based on the innovation link and the regional process and recognize regional innovation models based on the location of the region in the matrix. Innovation itself is a dynamic process (Etzkowitz & Leydesdorff, 1997), and the regional innovation process is not static. In this chapter, the evolution of regional innovation models will be discussed in both temporal and spatial dimensions.
6.2 Cases of Regional Innovation Model Evolution
From the perspective of dynamic evolution and time dimension, in order to explore whether the type of each provincial region in the regional innovation process matrix changes and changes to which direction, the regional innovation model of each province in China in the last decade is analyzed based on an evolutionary perspective.
As shown in Figs. 6.1, 6.2, and 6.3, only some of provinces (i.e., those bolded and blued in Figs. 6.2 and 6.3) completed the evolution of regional innovation model between 2007 and 2017; they are Shaanxi Province, Tianjin City, Jiangxi Province, Fujian Province, Chongqing Municipality, Anhui Province, and Hunan Province. And the evolutionary direction was all from the lower left to the upper right of the matrix, i.e., from the production application-aggregation model to the science discovery-hub model. The following case studies are conducted for each province where the regional innovation model evolution took place.[image: ]
Fig. 6.1Regional innovation model of China’s provinces in 2007
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Fig. 6.2Regional innovation model of China’s provinces in 2012
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Fig. 6.3Regional innovation model of China’s provinces in 2017


For Chongqing Municipality and Anhui Province, the two regions did not show any innovation link or innovation process that was significantly better than that of other provinces of China in 2007. In 2012, both regions formed initial innovation clusters and had the strong capability to develop and produce new products and thus became into the production application-aggregation regional innovation model. After that, Chongqing developed vertically in the regional innovation model matrix, strengthened the development path of production application based on the initial aggregation, and continuously improved the innovation efficiency of production application. Chongqing formed the specialization for products and processes, consolidated the innovation advantage, and thus became into the production application-specialization regional innovation model. Anhui Province, on the other hand, is developing horizontally in the regional innovation model matrix, transfer from production application to technology development and from the applying technology to the creating technology. Anhui Province benefitted to the knowledge spillover from neighboring Shanghai and Jiangsu Province. This provided resources and environmental basis for developing the variation of technology development innovation link. The variation was selected and retained in the evolutionary process, which led Anhui Province to the technology development-agglomeration regional innovation model. Chongqing and Anhui have developed in two different paths. Chongqing Municipality and Chengdu City, as the twin centers of the Sichuan Basin Economic Zone, have formed a good industrial division of labor in high-technology manufacturing and are oriented to a wide range of markets in the southwest, heading for specialization, while Anhui Province, with its top university, the University of Science and Technology of China, has the innate advantage of supplying high precision talents and thus smoothly embarked on the transformation from production application to technology development. It suggests that the different natures of geography have led the regions to retain different variations in evolution, to develop different routines, and eventually to evolve to different regional innovation models.
During the decade, Jiangsu Province has developed from the production application-specialization regional innovation model to the technology development-specialization model. The economic and transportation location in Jiangsu Province is outstanding, and its second nature of geography is obvious. According to Porter’s competitive advantage theory, the manufacturing value added account for 65.8% in Jiangsu Province1, and its excellent manufacturing base provides market demand for innovation activities. Generally, the industrial location quotient could represent the degree of industrial specialization. Among all industries in Jiangsu Province, the top three industries in terms of location quotient are instrumentation, electrical machinery and equipment, and computer and other electronic equipment. These industries are knowledge-intensive industries with high technical requirements and high demand for innovation output, which drives the output of innovation activities and stimulates the development of technology development links. It shows that innovation activities do not just stay at the level of experimental development but expand upstream of the technological innovation chain. As a educationally powerful province, Jiangsu Province has many first-class colleges and universities, even more than Beijing and Shanghai. And the abundant supply of human resources guarantees the continuous growth of the technology development link. The high-quality human resources and the huge demand market provide the basis for the variation of the innovation model, so that its dominant innovation link transformed from production application to technology development.
Similarly, Fujian Province developed from the production application-specialization model to the technology development-specialization regional innovation model during the decade, but the transformation is not obvious. The advantages of the technology development link 10 years ago and the advantages of technology development innovation link 10 years later are not outstanding in Fujian Province. However, it is certain that the evolution of the innovation model in Fujian Province has not formed path dependence in the original innovation advantages but has re-accumulated advantages in the new variation.
Tianjin Municipality evolved from the technology development-agglomeration model to the technology development-specialization regional innovation model and finally transferred to the technology development-hub regional innovation model. Although the innovation indicators ranking of Tianjin Municipality has slightly declined over the decade, its most advantageous regional process type has changed from agglomeration to specialization to hub. Tianjin’s location advantage of being adjacent to the capital makes it have innovation advantages earlier than other regions in China, and it has gathered a large amount of innovation resources. The formation of innovation agglomerations is path dependent, and once aggregated, it tends to be self-perpetuating and produces a causal cumulative effect. As a result, the specialization of innovation in Tianjin Municipality has been further developed, even forming R&D industry. The scale of Tianjin’s innovation advantage and the adjacent regions form a potential difference, and knowledge spills over to neighboring regions, while, on the other hand, Tianjin Municipality continuously attracts innovation resources from the adjacent regions and forms a convergence. The increasing external connections make Tianjin Municipality an important hub in the innovation network.
The regional innovation model in Shaanxi Province has also changed, developing from a science discovery-specialization model to a science discovery-hub model. Shaanxi Province, as the economic center of Northwest China, has significant advantages in the second nature of geography. Shaanxi Province owns many top universities and the strong tradition of heavy industry, especially military industry, which accumulates the good infrastructure. Shaanxi Province receives 53.2% of its R&D funding from the government, and this ratio is almost at the level of Beijing and is the 2.6 times compared to the national average.2 The basic research in universities and research institutes relies heavily on government support; the advantages in science discovery innovation link of Shaanxi Province far exceed those in applied research and experimental development innovation activities. Science discovery as the front end of the technological innovation chain, theoretical achievements are more non-competitive and non-exclusive than patented technologies and new products, and the spillover effect is higher. Regions with advantages in science discovery are prone to become centers for outward knowledge spillovers. The innovation environment and system in which the public R&D sector (universities and research institutes) is the dominant sector are much less bounded by technological boundaries than the private R&D sector (firms). This is because the theoretical results of basic research will deepen human knowledge of nature and tend to diffuse, while new products and processes developed experimentally tend to be corporate trade secrets, which are better protected and hardly ever actively disseminated. This variation from the science discovery-specialization regional innovation model to the science discovery-hub regional innovation model in Shaanxi Province is better suited to the current system and environment, while being preserved in evolution.
Hunan Province enters the production application-aggregation regional innovation model from outside the regional innovation model matrix. As shown in Fig. 5.​2, unlike other provinces that also did not enter the regional innovation model matrix in 2007, Hunan Province is in Zone I, i.e., the performance of both innovation efficiency and innovation industry aggregation is moderate and the relationship between innovation efficiency and innovation aggregation is healthy. With the increase of innovation aggregation, the innovation efficiency also increases steadily and gradually accumulates innovation advantages. For the backward regions of innovation like Hunan Province, they usually start from the end link of the innovation chain, i.e., production application, and experiences the early imitation innovation to the later independent innovation based on the knowledge spillover from neighboring regions. As explained in Sect. 3.​4, the innovation efficiency is high in Hunan Province due to the presence of innovation bias, thus benefitting more from innovation activities. It is also not caught in the locking-in effect brought by the routines because its innovation efficiency is not too high. Therefore, Hunan Province stands out as a production application-aggregation region in the evolution of innovation models.
6.3 Selectivity in the Evolution of Regional Innovation Models
The analysis in Sect. 6.2 shows that not all provincial regions could evolve regional innovation model. So, from a dynamic perspective, what kind of regions has the potential and possibility of regional innovation model evolution, we try to explain from the perspective of innovation efficiency and innovation aggregation. First, the regional innovation aggregation index runs through the whole development from no innovation advantage to early aggregation and then specialization and even eventually becoming an innovation hub. Second, we consider the important role that innovation efficiency may play in the transformation of regional innovation models. When innovation efficiency is too low, a region may not be able to realize the transformation from quantitative to qualitative change and stick to a certain type of regional innovation process. On the contrary, when innovation efficiency is too high, a region may be stuck in a certain type of regional innovation process due to industrial inertia, which makes it difficult to break out of the comfort zone of existing innovation advantages.
Chapter 3 observed that there is the “Inada Condition” similar to economic growth for regional innovation aggregation and innovation efficiency, which was analyzed by theoretical explanation, mathematical proof, and empirical verification. The marginal efficiency of innovation efficiency on innovation aggregation degree is positive, which implies that innovation aggregation has a positive contribution to the improvement of innovation efficiency. The improvement effect of innovation aggregation on innovation efficiency gradually decreases with the gradual increase of innovation aggregation degree, which means the marginal efficiency of innovation efficiency on innovation aggregation decreases. It is shown as a convex curve on the image of aggregation degree and innovation efficiency. In Chap. 3, from the cost-benefit perspective of production, it has been demonstrated that when the innovation input is certain, this linear constraint relationship presented by regional innovation efficiency and its aggregation degree is expressed as a straight line on the image.
Next, we review the analysis of the correlation and constraint relationship between regional innovation efficiency and innovation industry aggregation index in Sect. 3.​4 (Fig. 3.​1). The average innovation efficiency value of all provinces is defined as 1; similarly, the average aggregation degree of all provinces is defined as 1. The regression curve and the constraint straight line cut the Fig. 3.​1 into three parts A, B, and C as shown in Fig. 6.4.[image: ]
Fig. 6.4Correlation and constraints between regional innovation efficiency and innovation aggregation index


Part A is located above the regression curve of innovation efficiency and innovation agglomeration, including Guizhou Province, Inner Mongolia Province, Qinghai Province, Yunnan Province, Ningxia Province, Heilongjiang Province, Henan Province, Jiangxi Province, Guangxi Province, Sichuan Province, Liaoning Province, Jilin Province, and Zhejiang Province. Part B is located between the regression curve of innovation efficiency and innovation agglomeration and the constraint straight line, including Anhui Province, Shaanxi Province, Fujian Province, Hunan Province, Jiangsu Province, Hubei Province, Hebei Province, and Gansu Province. Part C is located below the constraint straight line, including Tibet Province, Hainan Province, Xinjiang Province, Shanxi Province, Shandong Province, and Guangdong Province.
If the province is located in Part A, it means that the region is more efficient in innovation than the national average at the same level of aggregation. This means that the existing innovation model of the region is working well locally, which is inseparable from the nature of geography, transportation area, and manufacturing base of the region, and forms a good interaction. Once the regional innovation model changes, it may lead to a decrease of the existing innovation efficiency, which makes the region has no incentive and does not have the conditions for innovation model evolution, which could be called “inertia”.
If the province is located in Part C, it indicates that the innovation efficiency of the region is seriously lower than that of other regions in China with the same level of innovation aggregation. Among them, Tibet Province and Xinjiang Province suffer from the disadvantage of location. Shanxi Province and Hainan Province face the dilemma of old industry and lack of industry, respectively. Shandong Province and Guangdong Province, as large economic provinces with long development history, large economic scale, large manufacturing volume, and homogeneous enterprises, are instead prone to vicious competition which is detrimental to the overall efficiency. And when the enterprises are established for a long time and large scale, the path dependence effect is usually serious; thus the evolution of innovation is more difficult.
In contrast, the provinces located in Part B have the potential for evolution in the matrix of regional innovation process. The innovation aggregation index and innovation efficiency of these provinces are at moderate levels, which make them highly selective for regional innovation models. It would not fail to accumulate innovation advantages because of too low aggregation and would not be harmed by vicious competition in innovation performance because of too high aggregation. It would not fail to attract innovation factor investment because of too low innovation efficiency and would not be trapped by inertia because of too high innovation efficiency. As a result, the provinces in Part B are able to more flexibly evolve and upgrade from a production application-aggregation model region to a science discovery-hub model region, step by step.
Of course, it could not conclude that provinces in Part B that are capable of regional innovation model evolution must be better than provinces in Part A and Part C that do not have the potential for regional innovation model. The regional innovation model of each region is determined by a combination of various reasons, including its nature of geography, location, transportation advantages, economic development status, and neighborhood innovation. The regions that indicate the evolution of innovation models are still undergoing the process of mutual adaptation of regional innovation models and regional conditions and environments, or regional conditions and environments are changing and causing evolution in regional innovation models. In the process of dynamic evolution, each regional innovation model gradually forms a spatial ring structure scattered in the regional innovation model matrix.
6.4 Spatial Diffusion of Innovation Growth
All the above analyses are comparative analyses of the innovation advantages of each region under the same time section. If we analyze the time difference between regions to reach the same level of innovation advantage from a historical and dynamic perspective, we could observe the spatial sequencing of innovation development and then explore the causal relationship of innovation development among regions.
This section refers to Rostow’s (1960) analysis of economic development stages in each country, Stages of Economic Growth, and divides innovation development into “take-off stage,” “maturity stage,” and “high-output stage.” The innovation growth stages of science discovery, technology development, and production application innovation links in Bohai Sea Region, Yangtze River Delta Region, and Pearl River Delta Region are analyzed based on three indicators: they are the number of papers, the number of invention patents, and the output value of new products. For the division of innovation growth stages, when the resistance to growth is overcome and the trend of stable growth becomes the dominant force, the region would enter take-off stage of innovation. When after a longer period of sustained growth, innovation is able to attract resources widely and produce effectively, the region would enter the maturity stage of innovation. When the innovation industry reaches a high level of specialization and becomes closely related to other industries, the region would enter the high-output stage of innovation development.
In this section, we would analyze three important innovation output indicators of each region: the number of published papers, the number of invention patents, and the output value of new products, which correspond to the three technological innovation links of science discovery, technology development, and production application, respectively. Here, this book does not use only a single indicator for analyzing the regional innovation scale, because different regions have different levels of three geographic natures, corresponding to different innovation models. At the same time, this book does not analyze the time difference of each regional innovation process type, because the regional process is a regional phenomenon, which is the result, not the cause, of the development of regional innovation advantages.
6.4.1 The Growth Stage of Science Discovery
As Fig. 6.5 shows the growth stages of each province in the science discovery link from 1996 to 2015, this book uses the total number of papers in each region in the China Statistical Yearbook on Science and Technology as the indicator of the growth stages of science discovery. It is set that when the annual publication exceeds 5000 papers, the take-off stage of science discovery innovation link is reached. When the annual publication exceeds 20,000 papers, the maturity stage of science discovery innovation link is reached. When the annual publication exceeds 50,000 papers, the high-output stage of science discovery innovation link is reached. This classification only compares the time sequence of each region to reach a certain same level. The classification of take-off, mature, and high output is only used to divide the stages of innovation theory output, here we do not discuss whether a certain publication level can be called to have reached the take-off stage, mature stage or high-out stage.[image: ]
Fig. 6.5The growth stage of science discovery innovation link


Figure 6.5 shows the time points when each province in Beijing Municipality, Tianjin Municipality, Hebei Province and neighboring regions, Yangtze River Delta and neighboring regions, and Pearl River Delta and neighboring regions reach the take-off stage, maturity stage, and high-output stage of the growth of science discovery innovation link, respectively. It can be found that Beijing Municipality, Shanghai Municipality, and Guangdong Province have the first-mover advantage and are the first to enter the take-off and maturity stages, after which the neighboring regions enter the take-off stage and maturity stage successively.
Taking Beijing Municipality, Tianjin Municipality, Hebei Province, and surrounding regions as examples, Beijing Municipality, the science discovery-hub region, entered the take-off phase of the science discovery innovation chain in 1996. While the neighboring Tianjin Municipality, the technology development-hub regional innovation model and Shandong Province, which is classified to the production application-aggregation regional innovation model, entered the take-off phase at the same time in 2005. And the more distant Hebei Province and Shanxi Province did not enter the regional innovation model matrix, which came into the take-off phase in 2010 and 2015, respectively.
Beijing Municipality is the innovation center of Beijing, Tianjin, Hebei and surrounding areas, and even northern China, gathering a large number of top higher education institutions and research institutes, and its innovation activities are dominated by the public R&D sector, with government finance as the main source of funding, and its basic research results far exceed those of other regions in the country. The results of basic research are mainly theoretical knowledge with high knowledge spillover, and the geographically similar regions benefit from Beijing’s knowledge externalities and successively enter the take-off stage of the science discovery innovation link.
6.4.2 The Growth Stage of Technology Development
For the technology development innovation link, Fig. 6.6 shows the growth stages of each province in the technology development link from 1996 to 2016, and this section uses the number of invention patent applications in each region in the China Statistical Yearbook on Science and Technology as an indicator of the growth stages of technology development. In this book, it is set that the take-off stage of technology development and innovation link is reached when the annual number of invention applications exceeds 1000. The mature stage of technology development and innovation link is reached when the annual number of invention applications exceeds 10,000. And the high-output stage of technology development innovation link is reached when the annual number of invention applications exceeds 100,000.[image: ]
Fig. 6.6The growth stage of the technology development innovation link


For the growth stages of the technology development innovation link, we also observe that with Beijing Municipality, Shanghai Municipality, and Guangdong Province as the centers, toward the spatial periphery, they successively enter the take-off stage, the maturity stage, and the high-output stage of the growth of the technology development innovation link. Taking the Yangtze River Delta and its surrounding regions as an example, Shanghai Municipality, which belongs to the science discovery-specialization regional innovation model, entered the take-off stage of the technology development innovation link in 1999, followed by Jiangsu Province, which is the closest geographically located technology development-specialization model, and Zhejiang Province, which belongs to the production application-aggregation regional innovation model. Jiangsu Province and Zhejiang Province, which are the closest geographically located regions, entered the take-off stage in 2000 and 2001, respectively, followed by Anhui Province, which belongs to the technology development-agglomeration regional innovation model, in 2006.
Similarly, Shanghai Municipality entered the maturity stage of the technology development innovation link in 2005, followed by Jiangsu Province in 2006 and Zhejiang Province in 2008. Later in 2012, Jiangsu Province entered the high-output stage of technology development innovation link and led the country, while as of 2016, both Shanghai Municipality and Zhejiang Province entered the high-output stage. From the current data, it is speculated that Zhejiang Province entered the high-output stage of technology development in 2017, while Shanghai would enter the high-output stage of technology development only after a few years. Jiangsu Province and Zhejiang Province were very close to each other in entering the take-off stage of science discovery and innovation link, while there was a 5-year difference in the point of entering the high-output stage. The number of top-tier higher education institutions in Jiangsu Province is much higher than that in Zhejiang Province, and the advantages of human capital and manufacturing base distance Jiangsu Province and Zhejiang Province from each other in terms of science discovery level. This illustrates the different directions and speeds of regional evolution under different regional innovation models.
At the same time, it can be found that while Shanghai entered the take-off stage and maturity stage of the science discovery link earlier than Jiangsu Province, Jiangsu Province entered the high-output stage years earlier than Shanghai Municipality. This indicates that the innovation advantage of regional development is constantly and dynamically changing. Jiangsu Province may have acted as the recipient of Shanghai’s knowledge spillover in the early stage, but Jiangsu Province’s better manufacturing base and its own sufficient supply of human capital have enabled it to accumulate good practices of technological development in its evolution, while gradually surpassing Shanghai, which had the innovation advantage earlier, in the later stage.
6.4.3 The Growth Stage of Production Application
Figure 6.7 shows the growth stages of the science discovery innovation link in each province from 2001 to 2016,3 and we uses the new product sales revenue of each region in the China Statistical Yearbook on Science and Technology as an indicator of the growth stage of the experimental development innovation link. This book sets the annual new product sales exceeding 100 billion RMB to reach the take-off stage of the production application innovation link, the annual new product sales exceeding 500 billion RMB to reach the maturity stage of the production application innovation link, and the annual new product sales exceeding 200 billion RMB to reach the high-output stage of the production application innovation link.[image: ]
Fig. 6.7The growth stage of the production application innovation link


Shanghai Municipality has been the first to enter the take-off stage of production application before 2000. Due to historical reasons, Shanghai owns the good manufacturing base, and its unique location advantage has attracted capital, technology, and talents for it. Therefore, Shanghai has the first-mover advantage of product innovation. Guangdong Province, Jiangsu Province, Shandong Province, and Zhejiang Province entered the take-off stage of the production application innovation link almost simultaneously in the following year around 2001. Jiangsu Province and Zhejiang Province were adjacent to Shanghai, and their development benefited from the knowledge spillover from Shanghai. The development of product innovation in Guangdong Province and Shandong Province benefited from the size of their economies and the second geographical nature (Krugman, 1993) of their developed ports.
After that, Guangdong Province, Zhejiang Province, Jiangsu Province, and Shandong Province have gradually become more dominant in the production application innovation link, all ahead of Shanghai, while entering the maturity stage of the production application link in 2008. The gap was further widened afterward, with Jiangsu Province and Guangdong Province entering the high-output stage of the production application innovation link in 2014, Zhejiang Province entering the high-output stage in 2016, Shandong Province and Shanghai Municipality not entering the high-output stage yet, and Shanghai being expected to enter the high-output stage later than Shandong based on current data.
Shanghai belongs to the science discovery-specialization regional innovation model, while Jiangsu Province and Zhejiang Province belong to the technology development-specialization regional innovation model and the production application-aggregation regional innovation model, respectively. The regional innovation model is an evolutionary choice of the region based on two geographical nature characteristics, i.e., regional comparative advantage and comparative advantage. The natural endowment and institutional environment determine the regional innovation model and inevitably lead to the transfer of the production application innovation link from Shanghai to Jiangsu Province and Zhejiang Province. Unlike the small-scale factory-based economic development of Zhejiang Province, Jiangsu Province has a better industrial base and a more adequate supply of human capital, so Jiangsu Province shows a stronger competitive advantage in product innovation than Zhejiang Province.
Guangdong Province is currently the region with the most significant advantages in the production application innovation link. Shenzhen City, as the center of the Guangdong-Hong Kong-Macao Greater Bay Area, has become a regional innovation center with an extremely strong ability to gather innovation resources and diffuse knowledge. Shandong Province, as the center of the Bohai Economic Circle, is also developing itself as a center of product innovation rather than undertaking technology transfer from neighboring regions. Because Beijing is the center of basic research, the spillover of theoretical knowledge is not directly available for the production application of new products in Shandong. However, the gap between Shandong Province and Guangdong Province was gradually widened after entering the mature stage of production-practice innovation link, and the main business income of new products in Guangdong Province was 1.8 times that of Shandong Province in 2016. Although they are both production application-aggregation regional innovation models, Guangdong Province outperforms Shandong Province in both technology development and science discovery, especially in the technology development link, and the number of invention patent applications in Guangdong Province in 2016 was twice that of Shandong Province. The technology development innovation link is the upstream of the production application innovation link, and the advantage of technology invention directly drives the quality and speed of product innovation. Therefore, the performance of Guangdong Province in the production application innovation link is the most outstanding region in China.
Through the above analysis of the provinces in Beijing, Tianjin, Hebei and surrounding areas, Yangtze River Delta and surrounding areas, and Pearl River Delta and surrounding areas, the time sequence of entering the take-off stage, maturity stage, and high-output stage in the three innovation links of science discovery, technology development, and production application, it can be seen that the spatial pattern of Beijing, Shanghai, and Guangdong as the innovation pioneer regions and the neighboring regions in turn as the latecomers is basically formed. This shows that knowledge externality exists and decays with geographical distance, but of course this law of negative variation in distance is gradually broken by the establishment of information network.
Based on the analysis of Rostow’s (1960) economic take-off model, this book determines that the take-off stage of innovation growth often requires the fulfillment of related conditions: the improvement of innovation efficiency, the high growth of one or more enterprises or research institutions, and the suitability of institutions and environment. The fact that neighboring regions reach the innovation take-off stage successively indicates that the above three conditions are satisfied in different regions successively. Variations are all uncertain, and the reason why regions adjacent to innovation take-off regions experience these variations earlier than others is that most of these variations come from the exchange of knowledge between different regions. The reason then why the take-off time sequence of neighboring regions is related to the distance from the pioneer region lies in the absorptive capacity of the knowledge-inflow region, which is negatively correlated with the distance between the two parties (Cohen & Levinthal, 1990). In addition to the requirement of geographical proximity, knowledge exchange also requires institutional proximity, which refers to the proximity of habits, culture, and language, and social proximity is particularly important when exchanging tacit knowledge (Breschi & Lissoni, 2003; Cantner, Meder, & Wal, 2008). In turn, social proximity is highly correlated with geographical proximity. Thus, during the take-off phase of regional innovation growth, which is the initial accumulation of innovation advantages, the spatial diffusion of knowledge plays a decisive role, forming a spatial evolutionary structure from innovation centers toward peripheral neighborhoods.
When regional innovation growth enters the take-off phase, it indicates that the advantages of a particular innovation link have emerged and firms with similar capabilities are attracted to the same economic activities, which is a choice for firms to save on location search costs. In addition, later entrants are able to benefit from the pioneer firms’ base in labor market development and facility building. Further, enterprises with complementary capabilities will be attracted to business opportunities in terms of increased local demand or sources of supply, thus initiating a series of cumulative causal chains (Myrdal & Sitohang, 1957). In this case, the timing of each region’s entry into the mature stage of innovation growth or even the high-output stage is related, on the one hand, to the accumulation of the timing of the previous entry into the take-off stage and, on the other hand, to the unique development path of each region during the evolutionary process, which is the evolutionary choice of the region under its own geographic nature conditions and environmental institutional constraints. After the chain of cumulative causality is activated, the development paths are self-reinforced, and path dependence is formed, so that the differences in innovation growth among regions are further amplified. Therefore, the timing of different regions entering the maturity stage and high-output stage does not coincide with the spatial evolutionary structure of the take-off stage from innovation centers to peripheral neighborhoods.
6.5 Ring Structure of Regional Innovation Model
If the regional innovation models of Bohai Sea Rim region and Yangtze River Delta region are analyzed separately (Fig. 6.8), it could be found that the provinces in Bohai Sea Rim region present a ring structure with Beijing as the core and Tianjin and Shandong as the periphery in the regional innovation model matrix. The provinces in the Yangtze River Delta region form a ring structure with Shanghai as the core and Jiangsu Province, Anhui Province, and Zhejiang Province as the periphery in the regional innovation model matrix. Similarly, the Sichuan Basin Economic Zone forms a ring structure in the regional innovation model matrix with Sichuan Province as the core, followed by Chongqing Municipality and Hunan Province as the periphery.[image: ]
Fig. 6.8Regional innovation model matrix for Bohai Rim Region and Yangtze River Delta Region


Thus, it can be conjectured that the distribution of the types of regional innovation models is spatially ring-shaped with the science discovery-hub model as the core, the technology development-specialization model as the middle, and the production application-aggregation model as the most peripheral layer. Combined with the practical situation of innovation development in provinces of China, the regions located in the center of the regional innovation model ring tend to be benefit to their economic development and political conditions and have the first-mover advantage in innovation activities. For example, Beijing, as the capital, is a dense concentration of higher education institutions and research institutes and is responsible for one-fifth of the central government’s research funding projects. Shanghai accumulated a good manufacturing base in modern times and took the lead in new production innovation or even occupying a monopoly position in the early years.
Science discovery-hub regions accumulate their own theories and technologies and also spill knowledge to adjacent regions. Talent flow, technology transfer, and cross-regional operation all drive knowledge diffusion to adjacent regions. At this period, regions with certain innovation elements absorb theories and transform them into technologies. And then a large number of related enterprises rapidly gather and form core innovation advantages; thus the region becomes the technology development-specialization model, which is the middle layer of the regional innovation model ring structure. For example, Tianjin Municipalicity in the Bohai Sea Rim and Jiangsu Province in the Yangtze River Delta, there are several first-class institutions of higher education and sufficient supply of talents in both provinces due to their historical foundation, and the human capital is an important and irreplaceable input factor for innovation.
However, the regions belongs to the most peripheral of regional innovation model ring, i.e., production application-aggregation model, tend to imitate and learn from the regions in the middle or core layer of the regional innovation model ring in the early stage and slowly gather the enterprises of the similar industry and become the main force of new product manufacturing by purchasing technology from the middle or core layer of the regional innovation model ring. For example, the Shandong Province in the Bohai Sea region and Zhejiang Province in the Yangtze River Delta region have taken a self-growing path and also formed the virtuous cycle development path of learning, absorption, and re-creation. However, we could not ignore its important role in knowledge absorption from science discovery-hub regions and technology development-specialization regions in the early stage of innovation development.
If the above speculation holds true, it could further conjecture that in the process of dynamic evolution after a period of time, the spatial structure of regional innovation model in China would appear as in Fig. 6.9. Multiple rings of regional innovation models would form, where Beijing City as the core of Bohai Sea Rim region, Shanghai City as the core of Yangtze River Delta region, Guangzhou City-Shenzhen City as the core of the Pearl River Delta region, Chengdu City as the core of Southwest China, Xi’an City as the core of Northwest China, and Wuhan City as the core of central China. In the regional innovation model ring structure, the innermost layer is science discovery-hub regional innovation model; the middle layers are science discovery-specialization model, technology development-hub model, and technology development-specialization model; and the outermost layers are technology development-aggregation model, production application-specialization model, and production application-aggregation model.[image: ]
Fig. 6.9Conjecture of spatial ring structure of regional innovation model. Map Source: Chinese National Basic Geographic Information Center


Certainly, the innovation model of region located at the center of the regional innovation model ring is closer to the upper right corner of the regional innovation model matrix than other neighboring regions, but it may not always be the science discovery-hub regional innovation model. For example, Sichuan Province, as the innovation hub and center of the southwest China, shows as the technology development-specialization regional innovation model. Moreover, in the process of evolution, not all regions evolve toward the regional innovation model at the center of the ring structure, while some regions may evolve toward the regional innovation model at the periphery of the ring structure. It would present a spatial ring structure staggered in the regional innovation model matrix eventually (Fig. 6.9).
The evolution of the regional innovation model following ring structure is a conjecture based on current natures of geography. Although the first nature of geography is an innate advantage that is difficult to change artificially, the second nature of geography is an endogenous advantage, which could be changed through acquisition. Therefore, the establishment of transportation network and information network could break the original economic spatial landscape and also change the evolutionary direction of regional innovation models and the final spatial structure of regional innovation models. In addition, innovation itself is a variation in the evolutionary process and is also full of more uncertainties.
With the gradual strengthening of information technology, the dependence of knowledge spillover on spatial proximity decreases, which make it possible that the ring structures of each regional innovation model span large enough geographical space; then each ring structure would overlap with each other, and each node would have external connections with more than one center, and the center-periphery ring structure shown in Fig. 6.9 would become the hub-network structure. The science discovery-hub region would continue to be the center and hub of the hub-network structure with its own advantages of gathering innovation resources. This hub-network regional innovation model structure may have been initially revealed if we deepen the research dimension from the provincial level to the city level (Duan, Du, Chen, & Zhai, 2018).
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Footnotes
1Here, the manufacturing industry, excluding electricity, heat, gas and water supply industry, and construction industry.

 

2According to the 2017 China Statistical Yearbook on Science and Technology.

 

3Since the new product sales indexes before 2000 and the caliber after 2000 in China Statistical Yearbook are not consistent, this chapter only analyzes the new product sales in 2001 and after.
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Abstract
This chapter analyzes the science discovery-hub regional innovation model, technology development-specialization regional innovation model, and production application-aggregation regional innovation model, taking Hubei Province, Sichuan Province, and Guangdong Province as typical ones, respectively. We take Hubei Province as the typical region of science discovery-hub model; analysis includes transportation hub advantage, sufficient supply of human resources, the large number of higher education institutions, and the high proportion of government investment in R&D. We take Sichuan Province as the typical region of technology development-specialization model; analysis includes industrial structure, Chengdu-Chongqing economic circle, manufacturing base, and R&D execute agents. Guangdong Province is taken as the typical region of production application-aggregation model. This chapter analyzes and summarizes the sources of competitive advantage, leading R&D projects, innovation efficiency, degree of industrial agglomeration, industrial specialization, and industrial relatedness in terms of the sources of advantage and governance experiences of three types of regional innovation models.
7.1 Introduction
Hubei Province, Sichuan Province, and Guangdong Province are emphasized as typical examples of science discovery-hub regional innovation model, technology development-specialization model, and production application-aggregation model, respectively. Hubei Province, a representative of the science discovery-hub regional type innovation model, is the transportation hub of China and the economic center of the central region. With its first-class educational resources, well-developed waterways and railroads, and rich output in basic research, Hubei Province is an innovation center in the central region. Sichuan Province, a representative of the technology development-specialization regional innovation model, is located inland and is the economic center of Southwest China. Its strong manufacturing base provides the market for innovation, drives the output of technological inventions, and promotes the aggregation of innovative industries. Guangdong Province, which represents the production application-agglomeration regional innovation model, is located on the southeast coast and is part of the Guangdong-Hong Kong-Macao Greater Bay Area. Active enterprises and efficient government have stimulated the market dynamics of innovation, allowing Guangdong Province to slowly move from imitative innovation to autonomous innovation. This chapter will provide a comparative analysis of the governance models of each of these three typical regional innovation model regions (Table 7.1).Table 7.1Comparison of three regional innovation models


	 	Hubei
	Sichuan
	Guangdong

	Regional innovation model
	Science discovery-hub
	Technology development-specialization
	Production application-aggregation

	Geographic area
	Central riverside
	Southwest inland
	Southeast coast

	Dominant R&D projects
	Basic research
	Applied research
	Experimental development

	Degree of aggregation
	Low
	General
	High




This chapter compares the three typical regional innovation models, Hubei Model, Sichuan Model, and Guangdong Model, from the aspects of location, R&D projects, aggregation degree, and nature of geography.
7.2 Science Discovery-Hub Model
Beijing Municipality, Hubei Province, Shanxi Province, and Liaoning Province are science discovery-hub regions, and we analyze innovation governance experience of Hubei. Hubei is the major economic province, industrial base, science and education center, and transportation hub in China. Wuhan City, the capital of Hubei Province, is the geographical center connecting south and north, east and west, known as the thoroughfare of nine provinces in ancient times, and is the intersection of Beijing-Guangzhou high-speed railroad, Shanghai-Chengdu railroad, and Yangtze River waterway. Thanks to its transportation location, Wuhan is an important hub of railroad network, ranking among the top four in the country in terms of passenger traffic and the first in China in terms of transit passenger traffic. The transportation location advantage drives the flow of talents and technology exchange, and the technology market turnover in Hubei Province ranks third in China after Beijing Municipality and Guangdong Province, and Hubei Province has the largest technology market in central China.
Wuhan is the largest city in central China in terms of economic scale. Hubei Province has the seventh largest economy and the ninth fastest GDP growth rate in China. Hubei Province owns the most important industrial base in China, with a complete industrial system of iron and steel, automobiles, optoelectronics, metallurgy, and shipbuilding. Industry, especially large-scale industry, is the main training ground for major scientific discoveries. In addition to traditional industries, the Wuhan East Lake Hi-tech Zone, known as Chinses “Light Valley,” is a large high-tech park that started early in China, with biomedical, electronic communications, and energy materials as its pillar industries, as well as sophisticated projects in the Internet, cloud computing, artificial intelligence, and national memory. The fact that these highly sophisticated projects, which rely on basic research to bring about major innovations, have settled in Hubei shows the outstanding advantages of Hubei Province in the innovation link of science discovery.
From the perspective of human resource supply, Wuhan has the highest number of enrolled university students in the world. The number of higher education institutions and the number of double-class universities in Hubei Province are among the top five in China. The high quality and large scale of higher education provide sufficient human resources for Hubei Province and the central region, and Hubei Province becomes a hub for attracting and delivering talents. At the same time, first-class comprehensive universities provide the most important production factor of human capital for research, especially theoretical research to overcome high-end technical problems, and guarantee the quality of research output.
From the perspective of innovation investment, 21.4% of R&D investment in Hubei Province is executed by public R&D departments such as universities and research institutions, the ratio that exceeds the national average. The intensity of investment in basic research in Hubei Province is also higher than that of the vast majority of provinces in China. With the fifth highest number of scientific and technical papers in China, Hubei Province leads the central and western regions in the strength of basic research, and the government’s support for theoretical and basic research is an important driving factor.
Therefore, for regions aiming at science discovery-hub-based innovation, Hubei’s experience implies that government support for basic research is essential. Although the theoretical results of basic research are difficult to present economic results in the short term, they can breed new industries that will bring immeasurable economic increments. Higher education institutions and research institutes are the birthplace of theoretical research, and local governments are interdependent on research units, regardless of whether the research unit is owned by the local or central government. Universities are credited with delivering talents to local areas, creating the innovative atmosphere, and expanding regional influence. Likewise, local governments give strong support to universities in terms of financial resources, land planning, and infrastructure.
At the same time, the transformation of the results of scientific discoveries relies on industrial capacity. The government should focus on the development of special industries based on the key disciplines of universities, which can quickly take advantage of both technical support and human resources of the region. The transformation of innovation results can be exported to other regions through good technology market channels or transportation location advantages.
7.3 Technology Development-Specialization Model
Sichuan Province, Jiangsu Province, and Fujian Province are technology development-specialization type regions. Here we analyze the experience of this type of innovation region using Sichuan Province as an example.
Firstly, geographically, Sichuan is known as the “Land of Heaven” with a high climate index. The location of knowledge-based enterprises are strongly climate orientation, because the comfortable working environment would help the creation of technicians. Secondly, from the perspective of industrial structure, Chengdu City, as the capital of Sichuan province, its automobile manufacturing and electronic communication industry output value occupies half of the manufacturing output value, and the dominance of knowledge-intensive industries ensures the health of industrial structure and promotes sustainable output of R&D. Then from the perspective of market demand, Sichuan Province, as the economic center of the southwest, has a broad demand market for its innovation output from neighboring manufacturing-oriented provinces such as Yunnan Province, Shaanxi Province, Hubei Province, Ningxia Province, and Qinghai Province.
When similar firms are highly clustered in a certain spatial range, industrial clusters are formed to specialize production to seek the highest output efficiency. On the one hand, when a large number of firms are engaged in similar production activities, the direct competitive relationship between firms prompts them to develop new products for differentiation or reduce production costs through process advancement, which needs to be accomplished through technological innovation. On the other hand, when regional specialization occurs, the participating enterprises have an industrial supply chain that resembles a cluster ecosystem linkage, and the “lighthouse enterprise” may emerge as the core of the supply chain to serve the specialized clusters, in which the R&D industry based on R&D activities and trading commodities with creative R&D results emerges. This has greatly contributed to the innovation output of the region. When the manufacturing industry specializes in production, the R&D industry serving the manufacturing industry also specializes, and its R&D output, such as invention patents and design solutions, can be delivered to non-clustering areas, forming a specialized R&D division of labor in Sichuan for independent innovation and other provinces for absorption innovation.
At the same time, Sichuan Province’s high-quality human resources as an important R&D element provide the driving force for innovation output. Sichuan Province is second only to Beijing Municipality, Shanghai Municipality, and Jiangsu Province in terms of the number of “double first-class” universities and is better than other large economic provinces such as Guangdong Province, Zhejiang Province, and Shandong Province in terms of talent supply. On the other hand, Sichuan Province’s innovation advantage in technology development is far better than other provinces with higher education advantages, such as Hubei Province and Shaanxi Province. This is attributed to the interplay of a good manufacturing market and an abundant supply of human resources in Sichuan Province.
Regarding the structure and characteristics of innovation investment, in terms of R&D funding sources, unlike the government-led model in Beijing Municipality and the enterprise-led model in Guangdong Province, Sichuan’s innovation activities are driven by the twin engines of government and enterprises. In terms of R&D funding execution projects, the proportion of basic research funding in Sichuan Province is on par with the average national level, and the proportion of funding investment in applied research is higher than that of other major innovation provinces such as Guangdong, Zhejiang, and Shandong. The applied research bridges the conversion process of knowledge production and application and is necessary for the region to form core innovation advantages.
Therefore, for regions targeting technology development-specialization-based innovation, the Sichuan Province experience implies that the strong manufacturing base is the soil on which R&D activities can develop, and the pulling power of the manufacturing market on innovation output cannot be ignored. The dual power of government and enterprise ensure the full chain of science and technology output and transformation.
7.4 Production Application-Aggregation Model
Guangdong Province, Zhejiang Province, Shandong Province, and Hunan Province are production application-aggregation-type regions, and we take Guangdong Province, the most typical one, as an example to analyze its regional innovation governance model.
Guangdong Province is the first of China in terms of production application link advantage and new product output aggregation. First, we cannot deny the relationship between Shenzhen City’s innovation advantage and its geographical advantage, as Hu and Lin (2011) argued that the development of Guangdong Province is due to its location advantage of being close to Hong Kong. It is well known that Shenzhen City, the capital of Guangdong Province, is the gathering place of China’s consumer electronics products, bringing together a great number of high-tech electronics companies such as Huawei, ZTE, Oppo, Vivo, Skyworth, iFLYTEK, and DJI. From the supply perspective, the clustering of numerous high-tech industries allows each product to find upstream components in the region, as well as technical mutual support, and ultimately the development of the corresponding service industry. This innovation development advantage is due to the regional industrial ecosystem, similar to the Great Bay Area in the United States, where companies are in an interdependent product supply chain. From a demand perspective, Shenzhen City’s vibrant trade and huge market demand have greatly contributed to innovation activities at the industrial level. Moreover, compared to Beijing and Shanghai, Shenzhen’s R&D is dominated by enterprises, with 90% of its research talent in enterprises and 90% of its R&D funding self-financed by enterprises. Therefore, its innovation activities are closely integrated with industry and market and can respond quickly to consumer demand. However, Shenzhen’s innovation model has its shortcomings, lacking top-notch universities and research institutes, insufficient basic research, and high replicability of scientific and technological achievements. Shenzhen’s innovation activities tend to rely singularly on market interest-driven, long-term use of domestic and international product generation differences and the lack of core technology breakthroughs.
Even so, Guangdong Province, as the typical production application-aggregation type region, which is worthy of emulation by most regions with the weak R&D base. Both Krugman (1991) and Porter (1998) affirmed the important role of government in aggregation, and governments across Guangdong Province have actively guided innovation aggregation. The government of Shenzhen City took the lead in building the Nanshan Science and Technology Park in the last century, and the government gave strong financial support to help incubate technology startups and attract foreign high-technology firms to the city. The government does not procrastinate and does not interfere too much in the operation of enterprises, keeping the market running efficiently and regularly. The government does a good job of building the infrastructure for innovation and builds a high-speed broadband network. It has also introduced many universities such as Tsinghua University, Peking University, and Harbin Institute of Technology to build Shenzhen campuses and cooperated with world-renowned institutions such as Georgia Institute of Technology and University of California, Berkeley, to build a good innovation environment and lay the foundation for strengthening collaborative innovation through industry-university-research cooperation. Shenzhen Nanshan Science and Technology Park has also rapidly gathered a number of electronic information enterprises such as Tencent, ZTE, TP-Link, and TCL.
Entering the twenty-first century, Shenzhen City is the first region in China to propose the construction of high-tech industrial zones, planning 11 high-tech industrial zones and university parks and ecological parks, covering an area of more than one and a half million square kilometers, with an investment scale of ten billion dollars. High-tech enterprises that have taken shape in Shenzhen City have gradually moved their production bases out of the city and linked up with industrial parks in Dongguan City, Zhongshan City, Shunde City, and Huizhou City to form the industrial contiguous belt, which is consistent with the international dynamics of industrial clustering.
Thus, for regions targeting production application-aggregation type innovation, the Guangdong experience implies that the government consciously nurtures high-tech industrial zones; provides financial, tax, and infrastructure support; and ensures that government public services are fair and efficient, guiding rather than directing the innovation activities of enterprises, relying on market forces, and forming innovation agglomerations from the bottom to up.
7.5 Industry Linkage Analysis
We consider innovation as the main approach to improve technology level and especially emphasize the role of innovation rather than technology introduction in improving technology level, which refers to process progress and new product creation in general. The relative position and leading role of innovation in the national economy have been strengthened, which is fully reflected in the related role of R&D-related industries to other industries. In order to explore the driving effect of innovation on industries, we calculate the degree of linkages between R&D-related industries and other industries from input-output technology. Here, we use scientific research and technology services industry to represent R&D-related industries according to the national economic classification standard. Although scientific research and technology services industry cannot cover all innovation activities, it can explain the dependence between innovation activities and other industries to some extent.
We still take Hubei Province, Sichuan Province, and Guangdong Province as examples to analyze the linkages of scientific research and technology services on other industries under three regional innovation models: science discovery-hub, technology development-specialization, and production application-aggregation. Of course, the input-output linkage among industries is inseparable from their own resource environment, and the regional innovation model can only partially explain the industrial linkage relationships in Hubei Province, Sichuan Province, and Guangdong Province.
Scientific research and technology services industry and other industries are linked by inputs and outputs to create techno-economic linkages in the economic process of product production. The direct linkage between industries could be divided into forward linkage and backward linkage. The forward linkage refers to the linkage between an industry and its downstream industry sector, while the backward linkage refers to the linkage between an industry and its upstream industry sector. The forward linkage is mainly generated by the supply relationship, and the backward linkage is mainly generated by the demand relationship.
We measure the forward linkages and backward linkages between scientific research and technology services and other industries with their upstream and downstream industries based on input-output techniques. The measurement of inter-industry linkage effects is generally based on the input-output analysis method proposed by Leontief (1986). It is widely used in empirical analysis because it examines the linkages between various sectors from the perspective of technical and economic linkages and takes into full consideration the “input flow” and “output flow” of each industry sector. Based on the input-output table data1 of Hubei Province, Sichuan Province, and Guangdong Province in 2012, the forward and backward linkages between scientific research and technology services and other industries are analyzed by using the input-output model.
aij is the forward direct linkage between the industry i and industry j. Xij is the amount of intermediate inputs allocated to the industry j by the industry i. Xi is the total output value of the industry j.[image: $$ {a}_{ij}=\frac{X_{ij}}{X_i} $$]

 (7.1)



From the perspective of industrial inputs, intermediate inputs and final inputs constitute total inputs. The more intermediate inputs indicate that the industry consumes more raw materials from other industries, and the value added is relatively low, but it can effectively drive the development of other sectors. Based on the above formula, using input-output data, the direct forward linkage coefficients between scientific research and technology services industry and other sectors in Hubei Province, Sichuan Province, and Guangdong Province are calculated. Table 7.2 shows the ranking of the coefficient of forward linkages between scientific research and technology services industry and other industries in the three provinces in terms of each industry in the province.Table 7.2Ranking of the coefficient of forward linkages with scientific research and technology services industry in the three provinces


	Industry
	Hubei
	Sichuan
	Guangdong

	Agriculture, forestry, and fishery
	3
	2
	25

	Mining industry
	12
	3
	20

	Food and tobacco manufacturing
	13
	6
	11

	Textile, apparel, footwear
	9
	15
	10

	Woodworking products and furniture
	17
	20
	14

	Paper printing, stationery, and sporting products
	19
	19
	8

	Petroleum, coking products, and processed nuclear fuel products
	25
	22
	28

	Chemical and chemical products
	5
	4
	2

	Non-metallic mineral products
	7
	10
	15

	Base metals and products
	10
	14
	7

	General equipment manufacturing
	11
	8
	12

	Manufacture of special equipment
	16
	11
	23

	Transportation equipment
	4
	7
	6

	Electrical, electronic, and optical equipment
	6
	9
	5

	Instrument manufacturing
	14
	31
	19

	Other manufacturing and recycling
	15
	29
	21

	Electricity, gas, and water production and supply industry
	8
	17
	16

	Construction
	1
	1
	1

	Wholesale and retail trade
	18
	5
	4

	Transportation, storage, and postal services
	2
	21
	13

	Accommodation and catering
	26
	27
	3

	Information transmission, software, and information technology services
	21
	13
	9

	Finance industry
	27
	28
	24

	Real estate industry
	28
	16
	31

	Rental and business services
	29
	24
	26

	Water, environment, and public facilities management
	30
	25
	29

	Residential services, repairs, and other services
	31
	30
	30

	Education
	20
	12
	17

	Health and social work
	23
	23
	18

	Culture, sports, and recreation
	24
	18
	22

	Public administration, social security, and social organizations
	22
	26
	27


Note: The value in the table is the ranking of the coefficient of forward linkages within the province



From the perspective of innovation input R&D expenditure and innovation output invention patents, the manufacturing industry is the main site of innovation. The results of innovation are reflected in product processes and new product creation. If we focus on the manufacturing industry (construction is not counted here), the forward linkage coefficients between the scientific research and technology services industry and its own manufacturing industry in Hubei Province (science discovery-hub model), Sichuan Province (technology development-specialization model), and Guangdong Province (production application-aggregation model) are 0.05, 0.19, and 0.11, respectively. Hubei Province focuses on the science discovery of these three innovation links, which is difficult to be applied directly as an intermediate input by industry. Moreover, as a regional innovation network hub, the output of scientific research and technology services in Hubei Province may be used by other provinces across regions in large quantities, which is difficult to be reflected in the input-output table of the region. Therefore, Hubei Province has a small number of forward linkages between scientific research and technology services industry and manufacturing industries. Sichuan Province, on the other hand, has the advantage in technology development and a high degree of industrial specialization, so the output of scientific research and technology services can be directly industrialized and operated with a high number of forward linkages. Guangdong Province owns the most obvious advantage in the production application link, and this kind of innovation is a lot of experience summing up and inspiration in production activities, while the input-output relationship between scientific research and technology services industry and manufacturing industry is more reflective of technology purchase and transfer. But the advantage of innovative industries gathering facilitates the diffusion of innovation and thus is reflected in the increase of output more quickly. Therefore, the forward linkage coefficient between scientific research and technology services industry and manufacturing industry in Guangdong Province lies in the middle level.
The larger the coefficient of forward linkages, the greater the intermediate consumption of the industry to the scientific research and technical service industry. For Hubei Province, Sichuan Province, and Guangdong Province, scientific research and technology services industry has a large forward linkage with construction industry; chemical and chemical products industry; transportation equipment industry; electrical, electronic, and optical equipment industry. This indicates that the above industries are generally more dependent on the technology output of the scientific research and technology services industry and have greater knowledge capital elasticity. It also indicates that the development of scientific research and technical service industry can effectively support the progress of industries with high forward linkage, while the shortage of scientific research and technical service industry products can greatly restrict the production of industries with high forward linkage. On the other hand, the development of forward-related industries can play a good pulling effect on scientific research and technology services industry.
A particular result here is that, for Hubei Province, Sichuan Province, Guangdong Province, and the whole country, the highest forward linkage with scientific research and technology services is in the construction industry. Construction requires a large coefficient and variety of industrial intermediate inputs and is the most important downstream industry for the steel industry, the cement industry, the glass industry, the ceramic industry, the metal and mineral products industry, and the electricity, gas, and water supply industry, relying heavily on materials technology, structural technology, surveying and mapping technology, and equipment technology. The construction industry is highly specialized, with architectural design institutes, construction engineering companies, and real estate companies acting as designers, builders, and sellers, respectively. The core building design in the construction industry, including load-bearing, water circulation, electrical circuits, building control, heating, and gas, belongs to the engineering technology management, surveying, design, and planning sub-sectors under the scientific research and technical service industry. Therefore, the construction industry is greatly associated with the scientific research and technical service industry forward.
The coefficient of forward linkages between the scientific research and technology services industry with health and social work industry; residential services repair and other services industry; rental and business services industry; real estate industry; water, environment, and public facilities management industry; petroleum refinery products and nuclear fuel processing products industry is low, and the dependence of these industries on the output of the scientific research and technology services industry is relatively low.
In addition, each province has its own special situation in terms of the forward linkage effect of scientific research and technology services industry with other industries. In Hubei province, which is a representative of the science discovery-hub regional innovation model, the scientific research and technology services industry has a higher degree of forward linkage with the construction industry, instrumentation manufacturing industry, and transportation, storage, and postal industry than in Sichuan Province and Guangdong Province. In Sichuan Province, which is the representative of technology development-specialization regional innovation model, the forward correlation coefficient between scientific research and technology services industry and mining industry, food and tobacco manufacturing industry, chemical and chemical products industry, non-metallic mineral products industry, general equipment manufacturing industry, special equipment manufacturing industry, and wholesale and retail industry is large. Guangdong Province, which is a representative of the production application-aggregation regional innovation model, has a large degree of forward correlation between the scientific research and technology services industry with the paper, printing, stationery, and sporting products industry, base metals and products industry, electrical, electronic and optical equipment industry, and accommodation and catering industry.
bij is the backward direct linkage between the industryj and industry i. Xijis the direct consumption of the industry j by the industry i. Xiis the total output value of the industry j.[image: $$ {b}_{ij}=\frac{X_{ij}}{X_j} $$]

 (7.2)



Based on the above formula, the direct backward linkage between scientific research and technology services industry and other industries in Hubei Province, Sichuan Province, and Guangdong Provinces was calculated using input-output data.
The greater the coefficient of backward linkages, the greater the consumption of scientific research and technology services industry, and the development of scientific research and technology services industry can effectively pull its development. As shown in Table 7.3, Hubei Province, Sichuan Province, and Guangdong Province have higher backward linkages between the electrical, electronic, and optical equipment industry; chemical and chemical products industry; wholesale and retail industry; transportation, storage, and postal service industry; accommodation and catering industry; rental and business service industry with scientific research and technology services industry. These industries are related to the consumables of scientific research laboratory instruments and academic conferences and exchanges. It indicates that the development of scientific research and technical service industry mainly consumes the products and services of the above industries as intermediate inputs, and the outputs of these industries strongly guarantee and promote the progress of scientific research and technical service industry. In contrast, the backward linkages between mining industry; food and tobacco manufacturing industry; wood processing products and furniture industry; non-metallic mineral products industry; construction industry; public administration, social security, and social organizations industry; water, environment, and public facilities management industry; health and social work industry with scientific research and technical service industry in Hubei Province, Sichuan Province, and Guangdong Province are weak, indicating that the development of scientific research and technical service industries in these three provinces has a dependence on these industries and is very limited. Of course, there are typical knowledge-intensive industries such as information transmission, software, and information technology services, whose demand coefficients for scientific research and technology services are not high, probably because such industries tend to use intra-industry technological achievements rather than acquiring knowledge through inter-industry spillovers.Table 7.3Ranking of the coefficient of backward linkages with scientific research and technology services industry in the three provinces


	Industry
	Hubei
	Sichuan
	Guangdong

	Agriculture, forestry, and fishery
	26
	18
	2

	Mining industry
	30
	24
	29

	Food and tobacco manufacturing
	22
	28
	24

	Textile, apparel, footwear
	24
	15
	18

	Woodworking products and furniture
	23
	27
	25

	Paper printing, stationery, and sporting products
	10
	9
	12

	Petroleum, coking products, and processed nuclear fuel products
	5
	16
	15

	Chemical and chemical products
	7
	5
	1

	Non-metallic mineral products
	27
	22
	27

	Base metals and products
	12
	12
	3

	General equipment manufacturing
	20
	20
	23

	Manufacture of special equipment
	29
	21
	28

	Transportation equipment
	21
	13
	22

	Electrical, electronic, and optical equipment
	3
	1
	7

	Instrument manufacturing
	14
	4
	11

	Other manufacturing and recycling
	17
	25
	17

	Electricity, gas, and water production and supply industry
	11
	14
	10

	Construction
	28
	23
	30

	Wholesale and retail trade
	6
	6
	9

	Transportation, storage, and postal services
	1
	3
	5

	Accommodation and catering
	4
	2
	6

	Information transmission, software, and information technology services
	13
	10
	14

	Finance industry
	8
	7
	13

	Real estate industry
	9
	19
	8

	Rental and business services
	2
	11
	4

	Water, environment, and public facilities management
	25
	30
	26

	Residential services, repairs, and other services
	18
	8
	19

	Education
	15
	26
	21

	Health and social work
	31
	31
	31

	Culture, sports, and recreation
	19
	17
	20

	Public administration, social security, and social organizations
	16
	29
	16


Note: The value in the table is the ranking of the coefficient of backward linkages within the province



The industries with the strongest backward linkage to the scientific research and technology services industry vary across the three provinces. For Hubei Province, which represents the regional innovation model of science discovery-hub; transportation, warehousing, and postal services, leasing and business services, and electrical, electronic, and optical equipment industries are the top three industries that form strong backward linkages with scientific research and technology services industry. This fully reflects the diffusion of theoretical results and the characteristics of Hubei Province as the regional innovation hub region. For Sichuan Province, which represents the technology development-specialization regional innovation model, scientific research and technology services industry forms strong backward linkages with electrical, electronic, and optical equipment industry; accommodation and catering industry; and transportation, storage, and postal industry in that order. The electrical, electronic, and optical equipment industry covers most of the emerging industries, which echoes the technological invention advantage of Sichuan Province. Guangdong Province, which represents the production application-aggregation regional innovation model, has the three industries with the largest coefficient of backward linkages with the scientific research and technology services industry, namely, chemical and chemical products; agriculture, forestry, animal husbandry, and fishery products and services; and basic metal and products industry, which may be related to the province’s superior disciplines.
The above analysis shows that the structure of industrial linkage networks in the three types of typical innovation model regions is different, which is one of the reasons for the different evolutionary results of regional innovation models. We still take the abovementioned industrial linkages as the basis and explore the types of linkages between scientific research and technology services industry and other industries around the core of innovation activities, which can clarify the position of scientific research and technology services industry in the industrial linkage network in the context of different innovation models.
Therefore, we classify the industry linkage relationship into four types based on the strength of forward and backward linkage between scientific research and technology services industry and other industries; they are strong forward-strong backward, weak forward-strong backward, weak forward-weak backward, and strong forward-weak backward (Tables 7.4, 7.5, and 7.6). For industries other than scientific research and technology services industry, this book classifies the top 15 industries in forward industry linkage as strong forward type and the bottom 15 as weak forward. The same method is used for the classification of backward linkage.Table 7.4Types of linkage with scientific research and technology services industry in Hubei Province


	 	Weak forward linkage
	Strong forward linkage

	Strong backward linkage
	Financial industry
	Transportation, storage, and postal industry

	Paper, printing, stationery, and sporting products
	Electrical, electronic, and optical equipment

	Petroleum, coking products, and processed nuclear fuel products
	Electricity, gas, and water production and supply industry

	Wholesale and retail trade
	Chemicals and chemical products

	Real estate industry
	Base metals and products

	Rental and business services
	Instrument manufacturing

	Weak backward linkage
	Woodworking products and furniture
	Construction industry

	Specialty equipment manufacturing
	Agriculture, forestry, and fishery products and services

	Other manufacturing and recycling
	Mining

	Water, environment, and public facilities management
	Food and tobacco manufacturing

	Residential services, repairs, and other services
	Textile, apparel, and footwear industry

	Education
	Non-metallic mineral products

	Health and social work
	General equipment manufacturing

	Culture, sports, and entertainment
	Transportation equipment

	Public administration, social security, and social organizations
	Information transmission, software, and information technology services



Table 7.5Types of linkage with scientific research and technology services industry in Sichuan Province


	 	Weak forward linkage
	Strong forward linkage

	Strong backward linkage
	Accommodation and catering
	Electrical, electronic, and optical equipment

	Finance
Instrument manufacturing
	Information transmission, software, and information technology services

	Woodworking products and furniture
	Chemicals and chemical products

	Paper, printing, stationery, and sporting products
	Base metals and products

	Rental and business services
	Transportation equipment

	Residential services, repair, and other services

	Weak backward linkage
	Transportation, storage, and postal industry
	Construction industry

	Petroleum, coking products, and processed nuclear fuel products
	Agriculture, forestry, and fishery products and services

	Other manufacturing and recycling
	Mining

	Real estate industry
	Food and tobacco manufacturing

	Water, environment, and public facilities management
	Textile, apparel, and footwear industry

	Health and social work
	Non-metallic mineral products

	Culture, sports, and entertainment
	General equipment manufacturing

	Special equipment manufacturing

	Electricity, gas, and water production and supply industry

	Education

	Public administration, social security, and social organizations



Table 7.6Types of linkage with scientific research and technology services industry in Guangdong Province


	 	Weak forward linkage
	Strong forward linkage

	Strong backward linkage
	Agriculture, forestry, and fishery products and services
	Electrical, electronic, and optical equipment

	Instrument manufacturing
	Wholesale and retail trade

	Real estate industry
	Accommodation and catering

	Leasing and business services
	Information transmission, software, and information technology services

	Paper, printing, stationery, and sporting products

	Chemicals and chemical products

	Base metals and products

	Weak backward linkage
	Mining
	Construction industry

	Petroleum, coking products, and processed nuclear fuel products
	Food and tobacco manufacturing

	Special equipment manufacturing
	Textile, apparel, and footwear industries

	Transportation, storage, and postal services
	Woodworking products and furniture

	Water, environment, and public facilities management
	Non-metallic mineral products

	Other manufacturing and recycling
	General equipment manufacturing

	Residential services, repairs, and other services
	Transportation equipment

	Education
	Electricity, gas, and water production and supply industry

	Health and social work

	Culture, sports, and entertainment

	Public administration, social security, and social organizations




The strong forward-strong backward industries, scientific research and technology services industry has strong forward and backward linkages with them. These industries and scientific research and technology services industry support each other, depend on each other, have a very strong comprehensive linkage, and also represent the development potential of such industries. The weak forward-strong backward industries, scientific research and technology services industry forms a strong backward linkage and weak forward with them. These industries mainly supply the intermediate demand of R&D industry and are also the bottleneck that restricts the development of R&D industry. The weak forward-weak backward-oriented industries, scientific research and technology services industry are weak in their forward and backward linkages. Its pull and push to innovation activities are very limited, and conversely its influence by innovation output is relatively small. The weak forward-weak backward-oriented industries, scientific research and technology services industry forms a strong forward linkage and weak backward linkage relationship with them. These industries rely on the supply of intermediate inputs from the R&D industry and are also important drivers that can pull more output from the R&D industry.
The comparison of Tables 7.4, 7.5, and 7.6 shows that the types of relationships between the scientific research and technology services industry and the industries are very different for the regions representing different innovation models. Of course, we cannot deny the influence of the economic structure of the region itself on the industrial linkages, but the scientific research and technology services industry is causally related to each industry linkage and the regional innovation model. Such industrial linkages determine the diffusion effect of the output of innovative activities. Innovative activities are also a part of the production process, which also requires the supply of intermediate consumables and intermediate inputs for the production process of other products. Therefore, industries are the basis and driver of innovative activities. The type of linkage for each industry with the scientific research and technology services industry implies the development potential of the industry itself and represents the field of application of the innovation output.
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Footnotes
1China’s input-output tables are compiled every 5 years, with 2012 being the most recent data publicly available.
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Abstract
This chapter intends to simulate the economic growth of China under different regional innovation models through a simulation system that could describe complex economic operations. Although there are many different assumptions between evolutionary economic theory and neoclassical economic theory, this book intends to reflect the degree of economic change in several states of regional innovation models in the regional innovation evolution process through a system that can describe the complex economic operation, that is, the general equilibrium model. It is not to simulate the non-equilibrium process of evolution through an economic model under general equilibrium assumptions.
This chapter introduces the simulation model to simulate the economic change under different regional innovation models. The general equilibrium theory is reviewed, and the economic simulation formulations include factors of labor factors, physical capital factors, knowledge capital factors; production markets, and factor markets which are displayed. The aggregation degree and knowledge capital related to three innovation links, i.e., science, technology, production, are introduced in production function to describe different regional innovation model, where theoretical foundations and mathematical derivations are given. This chapter also describes production function and production cost, product output, and supply. Small-country hypothesis and Armington assumption are made to simplify. Under the goal of minimizing cost and maximizing profit, the import and export are estimated. Social accounting matrix and input-output table support the initial values and parameters. The data sources and measuring methods are also given.
8.1 Introduction
In the 1980s, advances in algorithms and computers led to the development of computable general equilibrium model as a central approach to policy simulation. The theoretical basis of this approach is the idea of general equilibrium of the economic system, which was first proposed by the nineteenth-century economist Walras (1874) in his Elements of Pure Economics. The entire economic system is considered as a whole, and since consumers seek to maximize utility and producers seek to optimize profits, even the initial situation of unbalanced supply and demand would be balanced by price changes, and eventually the supply and demand in each factor and product market would be balanced.
The computable general equilibrium policy simulation model takes the economic system as a whole as the object of analysis. And all product markets, factor markets, and market prices are cleared, and the income and expend relationships of economic agents, the supply and demand relationships, and prices of products and factors are limited by general equilibrium constraints. This model is free from the assumption of perfect competition and can better match the real economy. At the same time, this model reflects the economic linkage of industrial sectors through the inter-industry input-output relationship and reflects the role of market mechanism through the price instrument. Therefore, this model is a good interpretation of the economic operation system of multiple economic agents and multiple industrial sectors.
The R&D-based dynamic macroeconomic simulation model of China constructed in this chapter is based on the social accounting matrix equilibrium modeling approach. The model includes 32 industrial sectors, and the division of industrial sectors mainly considers industry characteristics and data connection. The model includes two product markets (domestic and international), three factors (labor, physical capital, and knowledge capital), and four types of economic agents (residents, enterprises, government, and foreign countries).
Figure 8.1 illustrates the main framework of the simulation model in this chapter. At the factor market level, the allocation of labor and physical capital across industries is influenced by the wage rate and the return to capital, respectively. For each type of economic agents, the sources of government revenue are various taxes, including income taxes for residents and enterprises, import duties on goods, and indirect taxes. The sources of income for enterprises are capital income and government export tax rebates for enterprises. The sources of residents’ income are residents’ wage income, residents’ property income, and government and enterprise transfer payments to residents.[image: ]
Fig. 8.1The structure of the simulation model


8.2 Production Function Based on Regional Innovation Model
The Hubei model (science discovery-hub) is a government-led innovation, focusing on basic research. The Sichuan model (technology development-specialization) is a government-led and enterprise-led innovation, focusing on applied research. The Guangdong model (production application-aggregation) is enterprise-led innovation, focusing on experimental development.
We referred to the studies of Romer (1990) and Amon, Gersbach, and Sorger (2010) to model the innovation process using a three-stage approach. From the innovation value chain theory, innovation needs to go through three stages of discovering new theories (science discovery), developing new technologies (technology development), and producing new products (production application), corresponding to the three types of R&D programs of basic research, applied research, and experimental development.
It is set in this model that the abilities of science discovery, knowledge development, and production application depend on three types of R&D projects, namely, basic research, applied research, and experimental development, respectively, and is expressed in terms of knowledge capital stock.
The knowledge capital stock is also used as an input element of the knowledge-based production function. For the knowledge capital flows of basic research (denoted by a), applied research (denoted by b), and experimental development (denoted by c), we use the R&D expends for the three types of R&D programs. The knowledge capital stock at the beginning of the period is calculated by the perpetual inventory method as follows.
The theoretical knowledge A discovered in the region, due to the cumulative nature of knowledge (Zhu & Xu, 2007), is mainly influenced by the knowledge capital stock of existing basic research [image: $$ {Z}_a $$].[image: $$ A={Z_a}^{\varepsilon } $$]

 (8.1)



The amount of theoretical knowledge is the input for knowledge transformation, while the knowledge that can be transformed in the current period is influenced by the knowledge transformation capacity of the region. Therefore, the knowledge that can be transformed in the region in the current period [image: $$ \dot{B} $$] depends on the amount of existing theoretical knowledge A and the stock of applied research knowledge capital Zb in the region, which is expressed in the form of Cobb-Douglas function.[image: $$ \dot{B}={A}^{\phi }{Z_b}^{\varphi } $$]

 (8.2)



Similarly, the knowledge that is transformed in the current period [image: $$ \dot{B} $$] is the input for knowledge application. Since the cycle of knowledge application is much shorter than that of knowledge transformation, here we simplify to consider the knowledge transformed in the current period to be applied in the current period. The knowledge applied in the region in the current period is influenced by the knowledge application capability of the region. The knowledge applied by the region in the current period [image: $$ \dot{C} $$] depends on the knowledge transformed in the current period [image: $$ \dot{B} $$] and the capital stock of the experimental development knowledge Zc in the region, which is expressed in a functional form of Cobb-Douglas.[image: $$ \dot{C}={\dot{B}}^{\theta }{Z_c}^{\vartheta } $$]

 (8.3)



Substituting Eqs. (8.1) and (8.2) into (8.3),[image: $$ \dot{C}={Z_a}^{\varepsilon \phi \theta}{Z_b}^{\varphi \theta}{Z_c}^{\vartheta } $$]

 (8.4)



Combined with the above study on the relationship between innovation efficiency and innovation aggregation, the knowledge applied in the current period [image: $$ \dot{C} $$] can be regarded as innovation output, and the knowledge capital stock Za, Zb, Zc can be regarded as innovation inputs; then the innovation aggregation factor is introduced.[image: $$ \dot{C}={\left({Z}_a{M}^{\sigma}\right)}^{\varepsilon \phi \theta}\cdotp {\left({Z}_b{M}^{\sigma}\right)}^{\varphi \theta}\cdotp {\left({Z}_c{M}^{\sigma}\right)}^{\vartheta } $$]

 (8.5)



Here, Eq. (8.5) explains the innovation value chain of science discovery-technology development-production application as the rows in regional innovation model matrix through the knowledge capital stock of basic research, applied research, and experimental development and the aggregation-specialization-hub as column 是、in the regional innovation model matrix through the aggregation degree.
The economic contribution of innovative activities is often realized through new production applications, the final link in the innovation value chain. Therefore, this model represents the level of technological progress in terms of knowledge applied in the current period [image: $$ \dot{C} $$]. The Romer’s knowledge production function can be described as follows.[image: $$ Y=\left({\left({Z}_a{M}^{\sigma}\right)}^{\varepsilon \phi \theta}\cdotp {\left({Z}_b{M}^{\sigma}\right)}^{\varphi \theta}\right.\left.\cdotp {\left({Z}_c{M}^{\sigma}\right)}^{\vartheta}\right)\left({L}^{\alpha }{K}^{\beta}\right) $$]

 (8.6)



The above improved Romer’s production function is embedded in an R&D-based computable general equilibrium model, which in turn helps to analyze the impact of three innovation links (science discovery, technology development, and production application), three regional innovation models (science discovery-hub, technology development-specialization, and production application-aggregation) on various dimensions of the regional economy.
8.3 Production and Demand
8.3.1 Production
Producers choose the mix of intermediate goods inputs and the factor inputs that minimize production costs under equilibrium conditions.
The system supplies three factors of production: the labor factor, the physical capital factor, and the knowledge capital factor. According to the actual situation in China, this book adopts the Keynesian assumption that the supply of labor is unrestricted for a given wage level.
This model in this book uses a neoclassical production function that allows various factors of production to substitute for each other.[image: $$ {Y}_j=f\left({A}_j,{L}_j,{K}_j\right) $$]

 (8.7)


Yj represents output, Aj is the technical parameter, Lj is the labor factor, Kj is the capital factor, and j denotes the industrial sector j.
Through the analysis of the knowledge-based production function in the previous section, this model refers to the Romer’s (1990) knowledge production function and introduces the knowledge capital stock directly into the C-D production function. In order to reflect the impact of basic research, applied research, experimental development, and innovative industrial agglomeration on the regional economy, respectively, we adopt the functional form derived in Eq. (8.5) as the production function in this model.[image: $$ V{A}_j=\left({Z_{a_j}}^{o_j}{Z_{b_j}}^{\lambda \left(1-{\alpha}_j\right)}{Z_{c_j}}^{\lambda {\alpha}_j}\right){M}^{\sigma}\left({L}_j^{\alpha_j}{K}_j^{1-{\alpha}_j}\right){e}^{\varepsilon_j} $$]

 (8.8)


VAj is the value added, Za is the knowledge capital stock, οj is the output elasticity of knowledge capital for basic research, Zb is the knowledge capital stock for applied research, Zc is of knowledge capital stock for experimental development, and λ is the scale parameter. αj is the labor output elasticity, and the capital output elasticity is 1 − αj. εj is the residual term.
Here, based on Arrow’s (1962) idea of learning by doing, where workers upgrade their skills from the experience of production applications, this book closely integrates experimental development-related output elasticities of knowledge capital stock with labor output elasticities. Applied research is more dependent on research equipment and experimental platforms (García-Quevedo, Pellegrino & Vivarelli, 2014; Li, 2011), so this book links the knowledge capital stock and physical capital output elasticities associated with applied research.
The total output consists of domestic production of domestically consumed goods and exports. Total cost consists of intermediate consumption, payments to labor and capital factors, and indirect taxes. Total supply consists of domestic production of domestic consumption goods, imports, and tariffs.
8.3.2 Demand
The aggregate demand in the domestic market consists of investment demand, residential consumption, government consumption, and intermediate demand. Investment is used for physical capital accumulation and knowledge capital accumulation, respectively. The resident demand function uses the extended linear expend system (ELES). The utility function of government demand is of Cobb-Douglas form. Enterprise production inputs are derived from factors of production and intermediate inputs, and intermediate inputs and factors of production are assumed to be non-substitutable. The intermediate demand, i.e., the amount of intermediate inputs in each industrial sector, is calculated for enterprises based on the Leontief input-output technique.
8.4 International Trade
This model is under an open economy considering international trade. For import and export using the small country assumption, it is assumed that the region is the recipient of international prices, the domestic market price cannot affect the international market price, and the international price of the commodity is set to be fixed in this model. For the production and circulation of commodities, this model divides commodities into domestically produced domestically sold products, exports, and imports. The domestic and foreign products are imperfect substitutes, using the Armington hypothesis, which portrays the degree of tradability of the produced commodities (Armington, 1969).
Domestic consumers can choose either domestically produced products or imported goods, and the goods in circulation on the domestic market are compounded by the domestic part and the imported part. In this model, the constant elasticity of substitution (CES) function is used to represent the substitution relationship between domestically produced products and imported goods in the domestic market. The composite commodities on the domestic mall are firstly satisfied with the value quantity clearing of the market. Secondly, domestic consumers minimize to make their own cost by choosing the ratio of domestically produced products and imported foreign commodities, and the change of relative price between domestically produced products and imported commodities would affect the choice of domestic consumers.
Similarly, the outputs of domestic enterprises are supplied to the domestic market or exported to foreign markets, and enterprises make decisions on the share of domestically produced composite products sold in the domestic market and exported to the international market under the revenue maximization principle subject to the production possibility boundary constraint, which is expressed in the form of constant elasticity of transformation (CET) function for the substitution relationship. The proportion of domestically produced products placed for sale in the domestic market and exported abroad is determined by maximizing the manufacturer’s profit while satisfying the value quantity clearing. The values of the parameters of the import and export functions referred to the work of Zhai and Hertel (2006).
8.4.1 Import
The circulating commodities in the domestic market Qj are the composite of the domestic and imported components, and the CES function represents the imperfect substitution between domestically produced commodities QDj and imported commodities QIj in the domestic market.[image: $$ {\mathrm{Q}}_j={\xi}_{qj}{\left({\delta}_{qj}{\mathrm{Q}\mathrm{D}}_j^{\rho_{qj}}+\left(1-{\delta}_{qj}\right){\mathrm{Q}\mathrm{I}}_j^{\rho_{qj}}\right)}^{\frac{1}{\rho_{qj}}} $$]

 (8.9)


ξqj is the import size parameter, δqj is the import share parameter, and ρqj is the parameter related to the import trade elasticity of the substitution. Under the small country assumption, the price in the international market is not influenced by the demand for imports. The import supply is infinitely elastic, determined exclusively by the domestic demand and trade balance situation. σqj = 1/(1 + ρqj) is the elasticity of substitution between imports and domestically produced commodities. The smaller the σqj, the larger the gap between imported commodities and domestically produced products, and the more irreplaceable it is.
Complex commodities in the domestic market meet the value volume clearing.[image: $$ {\mathrm{P}}_j\cdotp {\mathrm{Q}}_j={\mathrm{P}\mathrm{D}}_j\cdotp {\mathrm{Q}\mathrm{D}}_j+{\mathrm{P}\mathrm{I}}_j\cdotp {\mathrm{Q}\mathrm{I}}_j $$]

 (8.10)



Domestic demanders choose an optimal combination of domestically produced commodities and imports under certain conditions of relative price and degree of substitutability to obtain the combination at minimum cost.
Using Eq. (8.10) as a constraint, minimize the product cost combination represented by Eq. (8.9), making the Lagrangian function and finding the first-order condition for its extremum.[image: $$ \frac{{\mathrm{PD}}_j}{{\mathrm{PI}}_j}=\frac{\delta_{qj}}{1-{\delta}_{qj}}{\left(\frac{{\mathrm{QI}}_j}{{\mathrm{QD}}_j}\right)}^{1-{\rho}_{qj}} $$]

 (8.11)



8.4.2 Export
The domestically produced composite commodities are represented by the domestic product sold in the domestic market and the exported product, and the substitution relationship between these two is expressed in the form of a CET function.[image: $$ {\mathrm{Q}}_j={\xi}_{aj}{\left({\delta}_{aj}{\mathrm{Q}\mathrm{D}}_j^{\rho_{aj}}+\left(1-{\delta}_{aj}\right){\mathrm{Q}\mathrm{E}}_j^{\rho_{aj}}\right)}^{\frac{1}{\rho_{aj}}} $$]

 (8.12)


ξaj is the export size parameter, δaj is the export share parameter, and ρaj is the parameter related to the substitution elasticity of the exports.
Similarly, domestically produced composite commodities need to meet value volume clearing.[image: $$ {\mathrm{P}}_j\cdotp {\mathrm{Q}}_j={\mathrm{P}\mathrm{D}}_j\cdotp {\mathrm{Q}\mathrm{D}}_j+{\mathrm{P}\mathrm{E}}_j\cdotp {\mathrm{Q}\mathrm{E}}_j $$]

 (8.13)



Domestic producers make production choices between domestically produced products and exports to maximize their own interests, and changes in the relative prices between domestically produced domestically sold products and exports affect the production decisions of domestic producers. The first-order optimization condition is as follows.[image: $$ \frac{{\mathrm{PD}}_j}{{\mathrm{PE}}_j}=\frac{\delta_{aj}}{1-{\delta}_{aj}}{\left(\frac{{\mathrm{QE}}_j}{{\mathrm{QD}}_j}\right)}^{1-{\rho}_{aj}} $$]

 (8.14)



8.5 Income, Saving, and Investment
8.5.1 Income
The model distinguishes four types of economic agents; they are residents, enterprises, government, and foreign countries. The government revenue sources are taxes, including income taxes for residents and enterprises, import tariffs on foreign goods, and indirect taxes. The sources of income of enterprises are capital income and export tax rebates. The sources of income for residents are wage income, capital income, and transfer payments. Foreign exchange earnings from abroad consist of imports and capital income.
8.5.2 Savings
The balance of each economic agent’s income minus expenses becomes savings. The total savings is the sum of savings of four economic agents; they are residents, enterprises, government, and foreign countries.
The savings of residents are obtained by deducting their expenses from their disposable income, which is their total income minus individual income tax.
The savings of enterprises are obtained from the income of enterprises after deducting the expenses of enterprises. Enterprise expends include transfers from enterprises to residents and income taxes paid by enterprises. Government savings are equal to the government’s disposable income minus the total government consumption.
Foreign savings can be considered as the difference between income and expend.
8.5.3 Investment
R&D is financed by total investment, which is divided into physical investment and R&D investment for the accumulation of physical capital and knowledge capital, respectively.
This model assumes that the utility function of R&D investment demand is of Cobb-Douglas form, which can be equated as:[image: $$ \max \kern0.5em {U}^{IR}={\sum}_{j=1}^n{\mu}_j^R\cdotp \ln I{R}_j\kern1.25em \left({\sum}_{j=1}^n{\mu}_j^R=1\right) $$]

 (8.15)


UIR is the total utility of R&D investment, μRj is the share of R&D investment in the industry sector j, and IRj is the amount of R&D investment in the industry sector j.
Under the assumption of utility maximization, it is also constrained by the amount of total R&D investment IRtot.[image: $$ \mathrm{s}.\mathrm{t}.\kern0.5em {\sum}_{j=1}^nI{R}_j=I{R}^{\mathrm{tot}} $$]

 (8.16)



The share allocation form of the R&D investment function is solved as follows.[image: $$ I{R}_j={\mu}_j^R\cdotp I{R}^{\mathrm{tot}} $$]



[image: $$ {\sum}_{j=1}^n{\mu}_j^R=1 $$]

 (8.17)


IRtot is the total R&D investment of all industries, [image: $$ {\mu}_j^R $$] is the share of R&D investment of the industry sector j, and IRj is the amount of R&D investment of the industry sector j.
To ensure the closure of the model, the output of innovation requires R&D input; this model only considers R&D cost input from the measurability. R&D is financed by total investment, which is used for R&D to accumulate knowledge capital or invested in physical capital. The knowledge capital stock contributes to productivity improvement, while the physical capital stock is the embodiment of the capital input factor, and the impact of both on economic activities can be found in the production function. The output of the current period affects the income and savings of each economic agent, which in turn changes the amount of R&D investment and physical capital investment in the next period, and so on in the cycle.
This book intends to illustrate the impact of innovation on the economy of China by selecting R&D investment as a shock variable, for the dynamization of knowledge capital. For simplicity, the model sets that R&D investment mainly affects knowledge capital without changing the quantity and quality of labor and physical capital factors.
For the dynamics of knowledge capital, the perpetual inventory method is used here. The knowledge capital in current period, after depreciation, together with the R&D investment in current period, constitutes the knowledge capital in the next period.[image: $$ {Z}_{j,t+1}^i=I{R}_{j,t}^i+\left(1-\varsigma \right)\cdotp {Z}_{j,t}^i\kern1.25em \left(i=a,b,c\right) $$]

 (8.18)


[image: $$ {Z}_{j,t+1}^i $$] is the knowledge capital stock in the industrial sector j in period t + 1, [image: $$ {Z}_{j,t}^i $$] is the knowledge capital stock in period t, [image: $$ {R}_{j,t}^i $$] is the amount of R&D investment in period t, and ς represents the depreciation rate of knowledge capital. The dynamics of physical capital stock is similar to that of knowledge capital. i represents the types of R&D projects; a, b, c represent basic research, applied research, and experimental development, respectively.
8.6 Equilibrium Conditions and Data Sources
8.6.1 Equilibrium Conditions
According to Walras principle (Walras & Jaffé, 1954), it is assumed that there is one market, and if one market is cleared, then the remaining market would also be cleared. The equilibrium condition is the basis of this model and is also a constraint. It generally requires equilibrium in the product market, equilibrium in the factor market, equilibrium in the capital market, and equilibrium in the income and expend of each agent.
Product market equilibrium requires that aggregate supply and aggregate demand in each industrial sector are in equilibrium in both quantity and value. Equilibrium in the capital market means that the total investment equals the total saving.
Residents’ income comes from labor remuneration, capital income, and transfer payments, and the disposable income after personal income tax is deducted for consumption or savings.
The disposable income of residents is equal to the sum of residents’ expends and residents’ savings. The income of enterprises is the return of capital from business operations and government export tax rebates to enterprises, the expend item of enterprises is the corporate income tax paid and transfer payments to residents, and the remaining item is savings. The total income of enterprises is equal to the sum of enterprise expends and enterprise savings.
The revenue of government comes from various taxes, and the disposable income after deducting transfers to residents and corporate tax refunds is used for government purchases and savings. Government disposable income is equal to the sum of government expends and government savings. The positive value of government savings is used here to represent a fiscal surplus, and the negative value of savings represents a fiscal deficit.
Foreign income comes from sales of domestic imports and foreign investors’ earnings, the expend item is consumption of domestic exports and transfers to domestic residents, and the remaining item is foreign savings. Foreign revenues and expends represent capital outflows and inflows from the country. The payment is balance, with total foreign revenues equal to the sum of foreign expends and foreign savings.
8.6.2 Data Sources
The database of this model is the social accounting matrix (SAM) of China, which is compiled from China Input-Output Table with 42 industrial sectors and China Statistical Yearbook. The commodity-activity and activity-commodity elements are subdivided into matrices corresponding to industrial sectors. The data on consumption and income, taxes and transfer payments of each economic agent are obtained from the China Statistical Yearbook. The economic value-added index is obtained from the Statistical Bulletin of National Economic and Social Development. Labor force and employment data are from the China Statistical Yearbook on Population and Employment. Physical capital-related data are from the China Statistical Yearbook on Fixed Asset Investment. R&D expends are from the China Statistical Yearbook on Science and Technology.
The SAM table reflects the economy’s equilibrium relationship among the various accounts. The SAM table created in this book contains commodity accounts, activity accounts, labor factor accounts, capital factor accounts, resident accounts, enterprise accounts, government accounts, capital accounts, and foreign accounts.
The commodities account and activities account are subdivided within 32 industrial sectors. From the data linkage and national economic industry classification perspective, the 32 industry sectors in this book are as follows: agriculture, forestry, and fishery industry; mining industry; food and tobacco manufacturing industry; textiles, apparel, and footwear industry; woodworking products and furniture industry; paper printing, stationery, and sporting products industry; petroleum, coking products, and processed nuclear fuel products industry; chemical and chemical products industry; non-metallic mineral products industry; base metals and products industry; general equipment manufacturing industry; special equipment manufacturing industry; transportation equipment industry; electrical, electronic, and optical equipment industry; instrumentation manufacturing industry; other manufacturing and recycling industry; electricity, gas, and water production and supply industry; construction industry; wholesale and retail trade industry; transportation, storage and postal services industry; accommodation and catering industry; information transmission industry, software and information technology services industry; finance industry; real estate industry; rental and business services industry; scientific research and technology services industry; water, environment, and public facilities management industry; residential services, repair, and other services industry; education industry; health and social work industry; culture, sports, and recreation industry; and public administration, social security, and social organizations industry.
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Abstract
This chapter simulates the economic impact of three regional innovation models, i.e., Hubei model (science discovery-hub), Sichuan model (technology development-specialization), and Guangdong model (production application-aggregation), based on the formulation in Chap. 8. The three simulation scenarios of three regional innovation models and one baseline scenario are reported; and the simulate industries, simulate variables, and simulate time are introduced. This chapter describes the settings of R&D investment type and aggregation degree in four scenarios. The macroeconomy indicators including gross domestic product, domestic demand, domestic price, wage rate, total investment, and exports in four scenarios are simulated, compared, and explained. The incomes, demands, and savings of residents, enterprises, and government in four scenarios are simulated, compared, and explained. The industrial indicators including industrial output, export, and capital return rate of 32 industrial sectors in four scenarios are simulated, compared, and explained. The industrial structures representing the ratios of agriculture, manufacture, and service industries are also analyzed.
9.1 Scenarios Setting
The following four scenarios (Table 9.1) are designed in this chapter.Table 9.1Scenario design


	 	Baseline scenario
S0
	Hubei model scenario (Science discovery-hub)
S1
	Sichuan model scenario (Technology development-specialization)
S2
	Guangdong model scenario (Production application-aggregation)
S3

	Basic research
	1
	1.1
	1
	1

	Applied research
	1
	1
	1.1
	1

	Experimental development
	1
	1
	1
	1.1

	Aggregation degree
	1
	0.9
	1.33
	1.66




Baseline scenario (average scenario, S0): the R&D investment and the innovation aggregation are based on the actual national average in China in the baseline year 2012.
Hubei model scenario (science discovery-hub, S1): the R&D investment in basic research is increased by 10% compared with the baseline scenario, and the innovation industry aggregation is taken as the average of the science discovery-hub model type of Shaanxi Province and Hubei Province, which is 0.90 times of the aggregation of the baseline scenario.
Sichuan model scenario (technology development-specialization, S2): the R&D investment in applied research increases by 10% compared with the baseline scenario, and the aggregation degree of innovation industry takes the average value of Sichuan Province, Jiangsu Province, and Fujian Province of the technology development-specialization model type, which is 1.33 times of the aggregation degree of the baseline scenario.
Guangdong model scenario (production application-aggregation, S3): the R&D investment in experimental development increases by 10% compared with the baseline scenario, and the aggregation degree of innovation industry takes the average value of Zhejiang Province and Hunan Province of the production application-aggregation model type, which is 1.66 times of the aggregation degree of the baseline scenario.
In this chapter, scenario S0 and scenarios S1–S3 are substituted into this model for calculation, respectively. The simulation region is China. We simulate 18 periods, and one period is 1 year. The calculation results are only to illustrate the impact of different innovation models on various dimensions of the economy rather than forecasting economic growth.
9.2 Impact on the Macroeconomy
Table 9.2 presents the changes of each macroeconomic variable in China relative to the average (baseline) scenario in China under three scenarios of innovation inputs according to the Hubei model (science discovery-hub), Sichuan model (technology development-specialization), and Guangdong model (production application-aggregation). With the same elasticity of knowledge capital output across industries, the three simulated scenarios affect innovation output by impacting the way R&D is invested and thus the economy.Table 9.2Macroeconomic changes under different scenarios I (%)


	Period
	GDP
	Domestic market demand
	Domestic market price

	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong

	t+1
	0.01
	1.59
	2.78
	−0.02
	1.81
	3.15
	0.01
	−0.02
	−0.03

	t+2
	0.00
	2.90
	5.00
	−0.04
	3.29
	5.65
	0.03
	−0.06
	−0.08

	t+3
	−0.02
	3.96
	6.81
	−0.07
	4.50
	7.71
	0.04
	−0.10
	−0.15

	t+4
	−0.03
	4.85
	8.32
	−0.09
	5.53
	9.49
	0.05
	−0.14
	−0.23

	t+5
	−0.05
	5.62
	9.64
	−0.11
	6.43
	11.06
	0.05
	−0.19
	−0.33

	t+6
	−0.06
	6.28
	10.77
	−0.13
	7.23
	12.44
	0.06
	−0.24
	−0.42

	t+7
	−0.07
	6.88
	11.76
	−0.15
	7.97
	13.69
	0.07
	−0.30
	−0.52

	t+8
	−0.08
	7.41
	12.68
	−0.17
	8.64
	14.89
	0.07
	−0.35
	−0.62

	t+9
	−0.09
	7.90
	13.50
	−0.18
	9.27
	15.99
	0.08
	−0.40
	−0.72

	t+10
	−0.07
	8.37
	14.27
	−0.17
	9.88
	17.04
	0.08
	−0.46
	−0.82

	t+11
	−0.08
	8.78
	15.00
	−0.19
	10.45
	18.05
	0.09
	−0.51
	−0.93

	t+12
	−0.09
	9.18
	15.67
	−0.20
	10.98
	19.00
	0.09
	−0.57
	−1.03

	t+13
	−0.08
	9.57
	16.31
	−0.20
	11.52
	19.93
	0.09
	−0.63
	−1.14

	t+14
	−0.09
	9.94
	16.93
	−0.21
	12.05
	20.85
	0.10
	−0.68
	−1.24

	t+15
	−0.10
	10.28
	17.51
	−0.22
	12.53
	21.73
	0.10
	−0.74
	−1.35

	t+16
	−0.09
	10.62
	18.10
	−0.21
	13.03
	22.63
	0.10
	−0.80
	−1.46

	t+17
	−0.10
	10.96
	18.66
	−0.23
	13.53
	23.50
	0.11
	−0.86
	−1.57

	t+18
	−0.09
	11.28
	19.21
	−0.22
	14.01
	24.37
	0.11
	−0.91
	−1.68


Note: The values in the table are the percentage change in each variable compared to the average (baseline) scenario



The results show that the Guangdong (production application-agglomeration) type of regional innovation model has the most significant pull on the economy. A 10% increase in R&D investment in experimental development and a 0.66-time increase in agglomeration would increase the average annual GDP growth rate by 1.04 percent after the 18 periods relative to the national average in the baseline scenario. The Sichuan (technology development-specialization) type of regional innovation model also has a more significant economic pull. A 10% increase in applied R&D investment and a 0.33-time increase in agglomeration would increase the average annual GDP growth rate by 0.63% relative to the national average in the baseline scenario until the 18th period. In contrast, the Hubei (science discovery-hub) regional innovation model does not have a positive effect on economic growth and even slightly underperforms the national average scenario of the innovation model. A 10% increase in R&D investment in basic research and a 0.10-time decrease in agglomeration would reduce the average annual GDP growth rate by 0.005% relative to the baseline scenario of the national average case until the 18th period. Here it does not imply that the Hubei model has a dampening effect on economic development, but only slightly worse compared to the national average.
Although the pulling effect of basic research on economic growth is stronger than that of applied research and experimental development (Akcigit & Hanley, 2013; Amon, Gersbach, & Sorger, 2010), the degree of aggregation innovation in the three states of hub, specialization, and aggregation is gradually increasing; and the aggregation level has a significant contribution to innovation efficiency as analyzed in Sect. 9.4.1. With the overlap of positive and negative effects, the combination of high aggregation and the most downstream link of the innovation chain (i.e., Guangdong’s production application-aggregation innovation model) has the most direct and obvious positive stimulus to the economy, while the combination of low aggregation and the most upstream link of the innovation chain (i.e., Hubei’s science discovery-hub innovation model) has the worst performance. Aggregation of innovation industries reduces the cost of transportation and communication, allowing knowledge to be effectively applied and rapidly diffused in neighboring spaces, which indirectly increases the efficiency of innovation output. Importantly, the agglomeration of innovation industries generally has two prerequisites: one is the development of new industries, which represents a healthy regional economic structure with strong development momentum and well-developed supporting facilities, and the second is economic aggregation. Innovation is rooted in industry, especially manufacturing, and the aggregation of innovation industries also implies a good regional economic foundation and a well-developed manufacturing industry chain. The gathering of innovation in production application could better explain the existence of the above two premises than the gathering in science discovery. Because production application is rooted in industrial production, science discovery created by universities or research institutions and disconnected may be disjointed with economic development.
In particular, in the Hubei (science discovery-hub) model scenario, investment in basic research does exceed the national average for economic upgrading in the early years, but this advantage diminishes or even becomes a disadvantage over time. It also confirms that fragmentation rather than agglomeration does not allow innovation output to be transformed into economic output and makes it more difficult for innovation output to spread and bring about wider economic effects. At the same time, we notice another interesting phenomenon: the gap between the impact degree of each economic variable in the Hubei model scenario and the average model scenario slowly converges after 2020. In contrast, the advantage of the Sichuan (technology development-specialization) model scenario and the Guangdong (production application-aggregation) model scenario relative to the average model scenario does not slow down significantly. The possible reason is that the evolutionary process is progressive as the regional innovation system keeps choosing appropriate innovation activities and retaining efficient practices given the R&D input resources and spatial structure. Another factor that cannot be ignored is that although the Hubei (science discovery-hub) model scenario is not conducive to innovation output efficiency due to the low concentration of innovation industries, theoretical discoveries in basic research are the source of innovation and the knowledge base that determine future economic development opportunities. The closer the research is to the source of innovation, the longer it takes to industrialize and then drive economic output. In the long run, the increase of basic research on economic development potential can gradually offset the harm of aggregation on innovation efficiency.
The impact of the three regional innovation models on foreign demand is carried out through innovation output. Thanks to technological advances, the quality of products is higher, the variety is more diversified, and the production costs are lower, thus stimulating an increase in domestic consumption. The baseline scenarios of Hubei (science discovery-hub) regional innovation model, Sichuan (technology development-specialization) regional innovation model, and Guangdong (production application-aggregation) regional innovation model scenarios compared to the national average situation would result in average annual increases in aggregate demand of −0.16%, 9.04%, and 15.62%. The changes in the price index of composite products in the domestic market will be 0.07%, −0.44%, and −0.79%, respectively. The decrease in the prices of composite goods is mainly attributed to the decrease in the prices of domestically produced products for domestic consumption, rather than the decrease in the prices of imports. Moreover, the degree of impact of the three models on the economy strengthens with the passage of time, which is related to the cumulative nature of innovation. Similar to the GDP case, the Guangdong model scenario has the highest innovation output and the best macroeconomic impact on consumption and prices, the Sichuan model scenario is the second, and the Hubei model scenario is the worst.
As for the wage rate, the Hubei (science discovery-hub) regional innovation model, Sichuan (technology development-specialization) regional innovation model, and Guangdong (production application-aggregation)regional innovation model scenarios compared to the baseline scenario of the national average situation, the wage rate grows at an average annual rate of −0.24%, 7.10%, and 11.96% in 18 simulated periods (Table 9.3). The level of technology and processes is closely related to labor productivity. If more output is produced per unit of labor, it will directly increase the wage rate (Nakao & Nakashima, 2010; Mishra & Smyth, 2014). Thus, the Sichuan model scenario and the Guangdong model scenario, which have more innovative output, have higher wage rates than the national average scenario, while the Hubei model scenario, which has less innovative output than the national average, has lower wage rates. Higher wages will also stimulate work enthusiasm, which is conducive to increased output. At the same time, wage income is the main source of income for residents, and an increase in the wage rate will directly lead to an increase in labor compensation for residents, resulting in higher disposable income for residents, and higher disposable income leads to more consumption, consumption stimulates production, which in turn drives economic output, forming a virtuous circle.Table 9.3Macroeconomic changes under different scenarios II (%)


	Period
	Wage rate
	Total investment
	Export volume

	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong

	t+1
	−0.05
	1.45
	2.51
	−0.01
	1.70
	2.96
	−0.02
	2.09
	3.46

	t+2
	−0.10
	2.66
	4.53
	−0.03
	3.05
	5.27
	−0.04
	3.77
	6.17

	t+3
	−0.14
	3.66
	6.20
	−0.06
	4.16
	7.17
	−0.07
	5.12
	8.35

	t+4
	−0.18
	4.50
	7.62
	−0.08
	5.11
	8.82
	−0.09
	6.21
	10.15

	t+5
	−0.20
	5.22
	8.84
	−0.10
	5.96
	10.30
	−0.11
	7.13
	11.66

	t+6
	−0.23
	5.85
	9.90
	−0.11
	6.73
	11.64
	−0.13
	7.91
	12.95

	t+7
	−0.24
	6.42
	10.83
	−0.13
	7.44
	12.87
	−0.15
	8.59
	14.05

	t+8
	−0.26
	6.93
	11.69
	−0.15
	8.11
	14.06
	−0.16
	9.19
	15.06

	t+9
	−0.27
	7.39
	12.47
	−0.16
	8.75
	15.18
	−0.17
	9.72
	15.96

	t+10
	−0.27
	7.84
	13.20
	−0.16
	9.38
	16.27
	−0.16
	10.23
	16.79

	t+11
	−0.28
	8.24
	13.88
	−0.17
	9.97
	17.33
	−0.17
	10.68
	17.56

	t+12
	−0.29
	8.62
	14.51
	−0.19
	10.54
	18.35
	−0.18
	11.09
	18.26

	t+13
	−0.28
	8.99
	15.12
	−0.18
	11.12
	19.36
	−0.17
	11.50
	18.93

	t+14
	−0.29
	9.35
	15.70
	−0.20
	11.68
	20.35
	−0.18
	11.88
	19.58

	t+15
	−0.30
	9.68
	16.25
	−0.21
	12.22
	21.32
	−0.19
	12.23
	20.18

	t+16
	−0.29
	10.01
	16.81
	−0.21
	12.77
	22.31
	−0.18
	12.58
	20.79

	t+17
	−0.30
	10.33
	17.34
	−0.22
	13.32
	23.28
	−0.19
	12.92
	21.37

	t+18
	−0.30
	10.65
	17.87
	−0.22
	13.86
	24.25
	−0.18
	13.25
	21.94


Note: The values in the table are the percentage change in each variable compared to the average (baseline) scenario



Innovation leads to faster technological progress, which increases the marginal rate of return to capital and labor. The high capital return increases business savings, and the high wage rate raises disposable income for residents. If the residents’ wage income is high and the business income of enterprises is high, the tax base is high, and the government revenue would increase. High income and savings of each economic agent would help to total investment increase. The increase in total investment also leads to more investment in R&D, larger-scale technological innovation, and so on. According to the above transmission mechanism, the baseline scenarios of Hubei (science discovery-hub), Sichuan (technology development-specialization), and Guangdong (production application-aggregation) regional innovation models compared to the national average, the total investment would grow by −0.14%, 8.66%, and 15.06% on average in 18 periods.
In the case of exports, technological enhancement would give domestic products a stronger comparative advantage and make them more competitive in the international market (Baldwin & Wulong, 2004; Lileeva & Trefler, 2007; Aw, Roberts, & Xu, 2011), which in turn would attract a large number of overseas orders and drive the increase in exports. Therefore, the higher the innovation output scenario, the more exports would correspond to it. The Hubei (science discovery-hub), Sichuan (technology development-specialization), and Guangdong (production application-aggregation) regional innovation model scenarios would increase the value of exports on average compared to the baseline scenario of the national average, −0.14%, 9.23%, and 15.18% in 18 periods.
9.3 Impact on the Economic Agents
The simulation system of this book distinguishes four types of economic agents, domestic residents, firms, government, and foreign countries. The changes in income, consumption, and savings of each economic agent in the Hubei model (science discovery-hub), Sichuan model (technology development-specialization), Guangdong model (production application-aggregation), and China average (baseline) scenario are simulated.
Innovation increases labor productivity, which in turn increases the wage rate of workers, and since wages are the main source of income for residents, an increase in their labor compensation leads to an increase in disposable income. The increased disposable income leads to more consumption, which stimulates production, which in turn drives economic output, forming a virtuous circle. At the same time, technological advances promote the quality of domestic products, allowing more manufacturers and consumers to switch from imports to domestic products. There is little difference between the residential consumption of the Hubei (science discovery-hub) model scenario and the baseline scenario of the national average situation. This may be related to consumption inertia, which is not governed by external influences and rationality and repeats the consumption of previous products and services. Also, the presence of loss aversion makes the difference between the residential consumption of the Hubei (science discovery-hub) model scenario and the national average situation scenario not as large as the other economic variables.
By the 18th period, the disposable income of the population in the Sichuan model (technology development-specialization) scenario would be 1.11 times the baseline scenario of the national average case, the consumption of the population in the Sichuan model scenario is 1.10 times the baseline scenario, and the savings of the population in the Sichuan model scenario is 1.13 times the baseline scenario. Similarly, the disposable income of the population in the Guangdong model (production applications-aggregation) scenario is 1.19 times the baseline scenario of the national average case, the consumption of the population in the Guangdong model scenario is 1.19 times the baseline scenario, and the savings of the population in the Guangdong model scenario is 1.21 times the baseline scenario.
The source of government revenue is various taxes. As mentioned above, innovation can increase the wage rate of labor and the rate of return on capital. An increase in the wage rate leads to an increase in wage income for residents, and an increase in the return on capital leads to an increase in capital income for businesses. As a result, both resident incomes and business profits are positively affected, and then personal income tax and business income tax increase. In addition, rising domestic consumption demand promotes imports, and tariffs are a major source of government revenue. For the national average (baseline) scenario, Hubei (science discovery-hub) model scenario, Sichuan (technology development-specialization) model scenario, and Guangdong (production application-aggregation) model scenario, the average annual growth rate of government revenue would reach 5.85%, 5.85%, 6.51%, and 6.91% in 18 periods, respectively. Similar to the case of other economic variables, the Guangdong model scenario with the highest innovation output efficiency would have the highest government revenue growth, followed by the Sichuan model scenario. The Hubei model scenario is also slightly higher than the national average in the early years, then not as dominant, and the gap would converge after eight periods. This is still related to the low aggregation of the Hubei model.
For enterprises, innovation brings product diversity and increased market segmentation, creating more market opportunities for companies as well as stimulating market potential. Process improvements can improve the productivity of the enterprises and increase production. The application of new technologies can help reduce production costs, especially by reducing the use of intermediate inputs, thus increasing the rate of value added (Färe & Grosskopf, 1996). An increase in technology content can help firms climb at both ends of the global value chain smile curve (Derman & Kani, 1994). Innovation, especially the application of knowledge, has a direct and significant impact on the efficiency and profitability of enterprises, as reflected by corporate profitability indicators. Enterprises are the closest to the consumer market, and therefore the closer they are to the end of the technological innovation chain, the more significant the contribution to it. As can be seen from Table 9.4, the baseline scenarios of Guangdong (production applications-agglomeration) regional innovation model, Sichuan (technology development-specialization) regional innovation model, and Hubei (science discovery-hub) regional innovation model scenarios compared to the national average scenario have the annual growth of corporate savings of 13.19%, 8.16%, and −0.14% in the 18 periods.Table 9.4Changes in each economic agent under different scenarios (%)


	Period
	Resident consumption
	Government revenue
	Enterprise savings

	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong

	t+1
	0.02
	1.06
	2.03
	0.02
	1.68
	2.78
	−0.02
	1.69
	2.71

	t+2
	0.02
	2.00
	3.73
	0.02
	3.05
	4.99
	−0.04
	3.09
	4.90

	t+3
	0.02
	2.81
	5.20
	0.02
	4.16
	6.80
	−0.07
	4.22
	6.71

	t+4
	0.01
	3.52
	6.49
	0.01
	5.08
	8.32
	−0.09
	5.18
	8.25

	t+5
	0.01
	4.18
	7.67
	0.00
	5.87
	9.64
	−0.11
	6.01
	9.60

	t+6
	0.00
	4.78
	8.73
	−0.01
	6.56
	10.79
	−0.13
	6.73
	10.78

	t+7
	0.00
	5.34
	9.71
	−0.02
	7.17
	11.79
	−0.14
	7.38
	11.83

	t+8
	−0.01
	5.88
	10.66
	−0.03
	7.72
	12.74
	−0.16
	7.96
	12.81

	t+9
	−0.01
	6.39
	11.56
	−0.04
	8.23
	13.58
	−0.17
	8.49
	13.70

	t+10
	−0.01
	6.90
	12.43
	−0.03
	8.71
	14.38
	−0.16
	9.01
	14.53

	t+11
	−0.01
	7.38
	13.28
	−0.04
	9.14
	15.12
	−0.17
	9.46
	15.32

	t+12
	−0.01
	7.85
	14.10
	−0.05
	9.55
	15.82
	−0.18
	9.90
	16.05

	t+13
	−0.01
	8.33
	14.92
	−0.05
	9.95
	16.48
	−0.18
	10.32
	16.75

	t+14
	−0.01
	8.80
	15.74
	−0.06
	10.33
	17.13
	−0.19
	10.73
	17.43

	t+15
	−0.01
	9.26
	16.54
	−0.06
	10.68
	17.73
	−0.20
	11.10
	18.07

	t+16
	0.00
	9.73
	17.37
	−0.06
	11.04
	18.35
	−0.19
	11.48
	18.71

	t+17
	0.00
	10.20
	18.19
	−0.07
	11.39
	18.93
	−0.20
	11.85
	19.33

	t+18
	0.01
	10.67
	19.03
	−0.06
	11.72
	19.51
	−0.20
	12.20
	19.94


Note: The values in the table are the percentage change in each variable compared to the average (baseline) scenario



In the scenario of Hubei (science discovery-hub) regional innovation model, the economic performance of residents, government, and enterprises is not as good as that of Sichuan (technology development-specialization) regional innovation model and Guangdong (production application-aggregation) regional innovation model due to the harm of aggregation on innovation efficiency. The R&D investment in applied research and experimental development in the Hubei model is inferior to the Sichuan and Guangdong scenarios, while firms are the executing and benefiting sectors for 88% of the experimental development R&D projects and 21% of the applied research projects.1 Therefore, the Hubei (science discovery-hub) regional innovation model has a worse performance of the enterprise agents.
9.4 Impact on the Industrial Economy and Structure
9.4.1 Industrial Economy
For industry sector, the industrial economic changes under the three regional innovation models naturally differ due to the different elasticities of different types of R&D investments on the knowledge capital output of different industrial sectors.
Table 9.5 shows the comparison between the output value of each industry and the average (baseline) scenario under the three regional innovation model scenarios in the 18th period. As can be seen, the output value of each industry under the Sichuan (technology development-specialization) regional innovation model and the Guangdong (production application-aggregation) regional innovation model exceeds the baseline scenario of the national average case. The largest increases in output value are found in the mining industry; paper printing, stationery, and sporting products industry; petroleum, coking products, and nuclear fuel products industry; chemical and chemical products industry; transportation equipment industry; electrical, electronic, and optical equipment industry; electricity, gas, and water production and supply industry; construction industry; wholesale and retail trade industry; transportation, storage, and postal services industry; education industry; and health and social work industry. At the same time, the output value of the above industries is higher in the Hubei (science discovery-hub) regional innovation model scenario compared to the national average (baseline) scenario, and the positive effect of increased R&D investment on the economy outweighs the damage of low agglomeration on innovation efficiency, while the other industries are lower than the national average scenario.Table 9.5Economic changes I in industries under different scenarios in the 18th period (%)


	Industry
	Industrial output value
	Export value

	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong

	Agriculture, forestry, and fishery
	−0.49
	7.29
	15.68
	−1.76
	17.77
	39.53

	Mining industry
	0.27
	12.30
	21.31
	−0.32
	29.13
	51.20

	Food and tobacco manufacturing
	−0.52
	10.38
	16.99
	−2.16
	−0.29
	−1.19

	Textile, apparel, footwear
	−0.19
	10.62
	18.67
	−0.23
	4.64
	8.28

	Woodworking products and furniture
	−0.64
	9.92
	16.77
	−0.66
	5.72
	9.62

	Paper printing, stationery, and sporting products
	0.90
	14.72
	26.33
	0.59
	12.14
	21.32

	Petroleum, coking products, and processed nuclear fuel products
	0.33
	12.96
	21.86
	−0.17
	21.29
	36.44

	Chemical and chemical products
	0.08
	12.58
	20.84
	−0.11
	14.87
	24.61

	Non-metallic mineral products
	−0.20
	10.89
	18.54
	−0.33
	15.87
	26.80

	Base metals and products
	−0.15
	11.68
	19.03
	−0.26
	15.81
	25.97

	General equipment manufacturing
	−0.36
	10.19
	17.71
	−0.16
	−2.24
	−3.98

	Manufacture of special equipment
	−0.85
	8.61
	14.68
	−0.66
	−32.61
	−49.63

	Transportation equipment
	0.70
	13.91
	24.56
	2.95
	−17.29
	−27.71

	Electrical, electronic, and optical equipment
	0.86
	14.59
	25.83
	0.70
	5.57
	9.65

	Instrument manufacturing
	−0.95
	8.42
	13.98
	−0.66
	−1.38
	−3.05

	Other manufacturing and recycling
	−0.61
	11.61
	16.97
	−0.84
	14.57
	21.29

	Electricity, gas, and water production and supply industry
	0.20
	13.05
	21.26
	−0.28
	31.21
	52.23

	Construction
	0.28
	10.86
	20.09
	0.88
	−18.73
	−28.01

	Wholesale and retail trade
	0.21
	12.74
	21.34
	0.00
	15.13
	24.63

	Transportation, storage, and postal services
	0.69
	14.91
	26.00
	0.32
	19.01
	32.60

	Accommodation and catering
	−0.95
	6.74
	12.62
	−3.45
	−0.42
	0.39

	Information transmission, software, and information technology services
	−0.81
	9.68
	14.90
	−1.98
	8.15
	8.97

	Finance industry
	−0.43
	10.82
	16.89
	−1.61
	24.10
	36.70

	Real estate industry
	−0.82
	10.88
	15.48
	–
	–
	–

	Rental and business services
	−0.84
	8.38
	14.12
	−0.97
	12.76
	21.27

	Scientific research and technology services
	−0.43
	9.54
	16.57
	−1.25
	21.44
	37.75

	Water, environment, and public facilities management
	−1.08
	7.41
	12.71
	−1.95
	15.06
	26.06

	Residential services, repairs, and other services
	−1.06
	6.20
	11.56
	−4.28
	3.92
	5.00

	Education
	0.57
	11.24
	22.10
	1.27
	35.18
	75.62

	Health and social work
	0.33
	10.63
	20.84
	0.84
	12.82
	29.19

	Culture, sports, and recreation
	−1.11
	7.47
	12.81
	−2.11
	9.23
	15.02

	Public administration, social security, and social organizations
	0.05
	9.39
	18.66
	−0.32
	21.93
	44.83


Note: The values in the table are the percentage change in each variable compared to the average (baseline) scenario. Real estate sector does not export



It is due to the higher elasticity of knowledge capital output in the above industries. The mining industry; paper printing, stationery, and sporting products industry; petroleum, coking products, and nuclear fuel products industry; and chemical and chemical products industry have lower knowledge capital densities, no significant fishing out effects (Bercovitz & Feldman, 2007), and no diminishing returns to scale similar to those of physical capital. Therefore, industries with low knowledge capital density are more sensitive to the same magnitude of increase in knowledge capital and have greater output variation. The transportation equipment industry; electrical, electronic, and optical equipment industry; transportation, storage, and postal industry; and education industry are typical knowledge-intensive industries that are extremely dependent on innovative products and technological progress and therefore have higher knowledge capital output elasticity and larger output increase. It is specifically noted here that the output of scientific research and technology services in the Hubei (science discovery-hub) model scenario is not as good as the baseline scenario, which represents the national average. This is because these science-related design, management, and service industries are serving the manufacturing industry, and if the manufacturing base is poor, the demand for scientific services is naturally low. The manufacturing output in the Hubei model scenario is indeed lower than that in the national average scenario, resulting in a gap in the output of scientific research and technology services.
From an international trade perspective, for all industries, the change in export value is greater than the change in output value in the three innovation model scenarios compared to the baseline scenario. The industrial exports of China is also influenced by its relative international competitiveness, so the export structure may be subject to greater shocks than the domestic market. The increase in knowledge capital significantly contributes to the export dominance of the agriculture, forestry, and fishery; mining; petroleum, coking products, and nuclear fuel products; and paper printing, stationery, and sporting products industries in the Sichuan (technology development-specialization) and Guangdong (production application-aggregation) regional innovation model scenarios, thanks to the low knowledge capital-intensive industries which are more sensitive to the same magnitude of increase in knowledge flows. The typical knowledge-intensive industries such as electricity, gas, and water production and supply industry; transportation, storage, and postal services industry; finance industry; scientific research and technology services industry; and education industry in the Sichuan and Guangdong models benefit directly from knowledge output. These industries are stimulated by investments in applied research and experimental development and have higher international competitiveness, which eventually manifests itself in export growth.
While the export of food and tobacco manufacturing industry, general equipment manufacturing industry, special equipment manufacturing industry, transportation equipment industry, and construction industry is less than the baseline scenario in the Sichuan (technology development-specialization) model scenario with increased investment in applied research and the Guangdong (production application-aggregation) regional innovation model scenario with increased investment in experimental development, it is possible that these industries experienced a decrease in exports due to strong domestic demand at the time of increased knowledge capital and more output for domestic consumption, superimposed on lower export prices.
The Hubei (science discovery-hub) model scenario with increased investment in basic research has higher exports in paper printing and stationery; transportation equipment; electrical, electronic, and optical equipment; construction; transportation, storage, and postal services; education; and health and social work industries than the national average in the baseline scenario. It may be related to the high knowledge capital elasticity of the above industries, especially the knowledge capital elasticity of basic research. In contrast, the export value of other industries in the Hubei model scenario is lower than the national average scenario (Table 9.6).Table 9.6Economic changes II in industries under different scenarios in the 18th period (%)


	Industry
	Total product output
	Return of capital

	Hubei
	Sichuan
	Guangdong
	Hubei
	Sichuan
	Guangdong

	Agriculture, forestry, and fishery
	−0.16
	13.03
	22.66
	−0.54
	3.15
	8.83

	Mining industry
	−0.35
	18.65
	32.31
	0.27
	9.88
	17.19

	Food and tobacco manufacturing
	−0.12
	13.48
	23.84
	−0.57
	6.77
	10.89

	Textile, apparel, footwear
	−0.37
	11.24
	19.64
	−0.22
	6.98
	12.55

	Woodworking products and furniture
	−0.45
	12.81
	22.20
	−0.72
	6.11
	10.40

	Paper printing, stationery, and sporting products
	−0.14
	14.42
	25.10
	0.93
	11.36
	20.52

	Petroleum, coking products, and processed nuclear fuel products
	−0.30
	16.39
	28.35
	0.33
	10.37
	17.41

	Chemical and chemical products
	−0.30
	15.52
	26.66
	0.08
	9.19
	15.06

	Non-metallic mineral products
	−0.30
	14.77
	25.62
	−0.22
	7.46
	12.77

	Base metals and products
	−0.30
	15.97
	27.52
	−0.16
	8.90
	14.29

	General equipment manufacturing
	−0.33
	14.70
	25.53
	−0.41
	6.47
	11.50

	Manufacture of special equipment
	−0.40
	16.63
	29.23
	−0.97
	4.77
	8.34

	Transportation equipment
	−0.18
	14.78
	26.06
	0.75
	10.47
	18.70

	Electrical, electronic, and optical equipment
	−0.05
	14.17
	24.64
	0.91
	11.21
	20.03

	Instrument manufacturing
	−0.46
	15.67
	27.11
	−1.10
	4.63
	7.71

	Other manufacturing and recycling
	−0.67
	17.00
	27.72
	−0.76
	8.16
	10.75

	Electricity, gas, and water production and supply industry
	−0.28
	15.20
	26.31
	0.20
	9.75
	15.60

	Construction
	−0.19
	13.03
	22.82
	0.28
	8.10
	15.35

	Wholesale and retail trade
	−0.26
	14.90
	25.43
	0.22
	9.22
	15.33

	Transportation, storage, and postal services
	−0.22
	15.67
	27.18
	0.71
	11.39
	19.95

	Accommodation and catering
	−0.02
	14.00
	24.40
	−1.03
	2.95
	6.37

	Information transmission, software, and information technology services
	−0.45
	12.63
	21.52
	−0.88
	6.05
	8.78

	Finance industry
	−0.32
	14.72
	25.34
	−0.47
	7.20
	10.77

	Real estate industry
	0.06
	10.83
	20.07
	−0.88
	7.31
	9.41

	Rental and business services
	−0.47
	15.15
	26.07
	−0.91
	4.68
	7.96

	Scientific research and technology services
	−0.21
	12.72
	22.12
	−0.47
	5.86
	10.40

	Water, environment, and public facilities management
	−0.21
	8.53
	14.78
	−1.17
	3.65
	6.48

	Residential services, repairs, and other services
	0.04
	13.29
	23.38
	−1.14
	2.35
	5.24

	Education
	−0.17
	2.91
	4.79
	0.60
	7.62
	16.01

	Health and social work
	−0.32
	5.21
	7.92
	0.34
	7.01
	14.77

	Culture, sports, and recreation
	−0.29
	12.23
	21.31
	−1.20
	3.72
	6.60

	Public administration, social security, and social organizations
	−0.03
	1.61
	2.82
	0.05
	5.74
	12.55


Note: The values in the table are the percentage change in each variable compared to the average (baseline) scenario



For almost all industries, the total output product volume under the Hubei (science discovery-hub) regional innovation model scenario is lower than the baseline scenario, which represents the national average situation. In contrast, the total output under the Sichuan (technology development-specialization) regional innovation model and Guangdong (production application-aggregation) regional innovation model scenarios is higher than the average scenario, and that of the Guangdong model scenario is higher than the Sichuan model scenario. This is attributed to the contribution of innovation to technological progress and process improvement, and the more direct role of the experimental development link to product production, so the Guangdong model scenario performs better than the Sichuan model scenario. The Hubei model scenario, on the other hand, is similarly inferior to the national average scenario because of low innovation output due to low aggregation. Of course, the change in total output in the Hubei model scenario is also associated with low market demand. At the same time, the Hubei model focuses on basic research, which is at both ends of the chain, and product production, which can be disturbed by many other factors in order to play a positive role.
For the return to capital, the results are different. First, the industries with large changes in returns to capital under the three models are very different from those with large changes in gross domestic output. To some extent, product output production represents the quantity and size of the economy, and return on capital represents the quality of economic development. The return to capital more directly reflects the economic changes driven by innovation, and the output of product output combines other factors such as resource inputs and demand intensity.
In terms of return on capital, the mining industry; paper printing, stationery, and sports products industry; petroleum, coking products, and nuclear fuel processing products industry; chemical and chemical products industry; transportation equipment industry; electrical, electronic, and optical equipment industry; electricity, gas, and water production and supply industry; construction industry; wholesale and retail trade industry; transportation, storage, and postal services industry; education industry; health and social work industry; and public administration, social security, and social organization industry would grow more than the baseline scenario of the national average situation in the Sichuan (technology development-specialization) innovation model and Guangdong (production application-aggregation) innovation model scenarios by the 18th period, while the other industries would increase less. Moreover, the above industries would have higher returns to capital than the average scenario in the Hubei (science discovery-hub) innovation model scenario, while the other industries would have lower returns than the average scenario. This is also attributed to the advantage of the above industries in terms of knowledge output elasticity or being knowledge-intensive industries, at the same time, these industries largely coincide with the industries that stand out in terms of output growth.
9.4.2 Industry Structure
Since different industries have different sensitivities to innovation, the magnitude of changes in the industrial economy varies even if each industry is subject to the same magnitude of knowledge capital shock. Therefore, the industrial structure would change differently under the three innovation model scenarios. From the perspective of the three industrial structures, the overall trend in the 18 periods is that the share of primary industry decreases and the share of secondary and tertiary industries increases.
All three regional innovation model scenarios show that the shares of primary sector of industry are lower than the baseline scenario, the shares of secondary sector of industry are higher than the baseline scenario, and the shares of tertiary sector of industry are lower than the baseline scenario. The Guangdong model scenario shows the largest change compared with the baseline scenario, the Sichuan model scenario shows the second largest change, and the Hubei model scenario shows the smallest change. By the 18th period, the shares of the primary sector of industry, secondary sector of industry, and tertiary sector of industry in the Hubei (science discovery-hub) regional innovation model scenario would be 0.02% points lower, 0.08% points higher, and 0.06% points lower, respectively, than those in the baseline scenario, which represents the national average. The shares of primary, secondary, and tertiary industries in the Sichuan (technology development-specialization) regional innovation model will be 0.17% points lower, 0.27% points higher, and 0.10% points lower, respectively, than the baseline scenario representing the national average. The shares of primary, secondary, and tertiary sector of industries in the Guangdong (production application-aggregation) regional innovation model would be 0.14% points lower, 0.45% points higher, and 0.31% points lower, respectively, than the baseline scenario representing the national average. The results here do not mean that the industrial structure of China would experience a decline in the share of tertiary industries, but rather that the simulated scenario has a lower share of tertiary industries compared to the national average.
This means that manufacturing outperforms services in terms of output growth for the same increase in knowledge capital. Ho, Keh, and Jin (2005) and Ehie and Olibe (2010), looking at firm-level microdata in the United States, conclude similarly that R&D activities have a more positive effect on manufacturing firms than on non-manufacturing firms. In terms of R&D inputs and R&D outputs, China’s manufacturing sector has a definite advantage over the service sector. While R&D may not be a core resource for service firms (Ho et al., 2005), R&D activities can have the direct effect of designing new products, improving new processes, or reducing intermediate products for manufacturing firms. Thus, with the same degree of knowledge capital enhancement, manufacturing output grows faster than services, thus squeezing out the share of services in the industrial structure.
Of course, the simulation results do not suggest that China’s innovation activities have inhibited the advanced structure of industries, inverse to the matching Clark theorem. The model only simulates a scenario in which the share of services is crowded out by the faster output growth of manufacturing for the same magnitude of knowledge capital increase across industries. The impact of R&D activities on industrial structure, however, stems not only from the different R&D output elasticities of each industry but also from its own different technical efficiency, and the magnitude of knowledge capital growth varies across industries in the real economic operation.
Figure 9.1 shows the changes in the output value of each industry as a share of GDP in the baseline (average) scenario, Hubei model scenario, Sichuan model scenario, and Guangdong model scenario in the 18th period compared to the base period. Mining industry; paper printing, stationery, and sporting products industry; petroleum, coking products, and nuclear fuel processing products industry; chemical and chemical products industry; transportation equipment industry; electrical, electronic, and optical equipment industry; electricity, gas, and water production and supply industry; construction industry; wholesale and retail trade industry; transportation, warehousing, and postal services industry; education industry; health and social work industry; and public administration industry, social security, and social organizations industry accounts for the GDP ratio in the Hubei model, Sichuan model, and Guangdong simulation scenarios with rising R&D investment have a significant increase over the baseline scenario. It is due to the faster growth of the output value of the above industries compared to other industries and the strengthening of their dominance in the industrial structure share. The increase in R&D investment makes the share of non-metallic mineral products industry; base metals and products industry; wood processing products and furniture industry; and general equipment manufacturing industry decrease, probably because the technological progress driven by R&D investment makes the demand for the above industries as intermediate inputs decrease, and the lack of demand makes their output decrease, and their share in the overall economy also decreases.[image: ]
Fig. 9.1Changes in industrial structure under different scenarios in the 18th period. Note: The values in the graph are the percentage change in each variable compared to the base year
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Abstract
We attempt to answer two questions in the study area of regional innovation mentioned in Chap. 1: (1) the question of regional innovation evolution and (2) the question of the systemic impact of innovation on regional economies. This chapter would sort out the main findings and make policy recommendations.
10.1 Main Conclusions
In response to question (1), we first show the current status of regional innovation scale distribution in China. The spatial distribution characteristics of innovation scale in China, especially the aggregation characteristics, are analyzed based on county-scale data, and the results show that the innovation scale exhibits a significant east-more west-less in China. After comparing regional innovation scale and regional economic scale, it is found that they are highly correlated, i.e., regions with large innovation scale tend to be rich regions as well. Next, we compare regional innovation scale aggregation and regional economic scale and find that affluent regions tend to be innovation aggregation regions as well.
In order to explain the reasons for the distribution of regional innovation scale, we draw on the geographic natures theory, evolutionary theory, and innovation bias theory. We proved the hypothesis that innovation efficiency and innovation industry aggregation satisfy the Inada condition based on innovation bias theory. And from the evolutionary perspective, it is hypothesized that the transformation of regional innovation occurs selectively.
The spatial distribution of innovation scale is reflected as significant regional innovation advantage differences. Constrained by regional resources, links, and institutions, each region forms practices suitable for its own development in the evolutionary process of variation, selection, and retention, and the collection of these practices becomes the regional innovation model, so the regional innovation model is not invariable. From the dynamic perspective, we construct a regional innovation process matrix with three types of innovation links as rows and three regional process types as columns based on enterprise innovation process theory and regional economic process theory, and the regional innovation process matrix divides regions into nine regional innovation models (Fig. 10.1). They are science discovery-hub, science discovery-specialization, science discovery-aggregation, technology development-hub, technology development-specialization, technology development-aggregation, production application-hub, production application-specialization, and production application-aggregation.[image: ]
Fig. 10.1Regional innovation model


Next, we analyzed the dynamics of regional innovation models from an evolutionary perspective. After analyzing the changes of regional innovation models by provinces in the last decade based on actual data in China, it is found that the changes of regional innovation models are selective. And the changeability of regional innovation models is consistent with the results of the analysis of innovation industry aggregation and innovation efficiency based on the theory of innovation bias in the evolutionary perspective in Chap. 3. Regions with moderate levels of both innovation aggregation index and innovation efficiency have a high degree of selectivity for innovation models. It will not fail to accumulate innovation advantages because of too low aggregation and will not be harmed by vicious competition in innovation performance because of too high aggregation. It will not fail to attract innovation factor input because of too low innovation efficiency and will not fall into lock-in because of too high innovation efficiency.
According to the classification of regional innovation models, we select three types of typical regional innovation models for comparative analysis and governance experience summary. For the production application-aggregation innovation region, Guangdong experience enlighten us to ensure the fair and efficient government public services, guide the innovation activities of enterprises, and rely on the power of the market to form the innovation aggregation from the bottom up. For technology development-specialization innovation regions, Sichuan experience implies that a strong manufacturing base is the soil where R&D activities can develop and the pulling power of the manufacturing market on innovation output cannot be ignored. The dual power of government and enterprises ensure the whole chain of scientific and technological output and transformation. For science discovery-hub innovation regions, Hubei experience tells us that although the theoretical results of basic research are difficult to present economic results in the short term, they can breed new industries that will bring immeasurable economic increments. Universities and research institutions are the ground of theoretical research, and they are instrumental in providing local talents, creating an innovative atmosphere, expanding regional influence, etc. The government should give strong support to universities in financial resources, land planning, and infrastructure.
To address problem (2), we improved the Romer’s knowledge production function and embedded it into the R&D-based computable general equilibrium model to simulate the impact of different innovation models on the regional economy. The regional dynamic macroeconomic simulation model of China constructed in this paper is based on a social accounting matrix equilibrium modeling approach. This model contains 32 industrial sectors; domestic and international product markets; three factors of labor, physical capital, and knowledge capital; and four economic agents of residents, enterprises, government, and foreign countries.
According to the R&D-based policy simulation model constructed in this book, the regional economic impact of three typical regional innovation models summarized in Chap. 7 (science discovery-hub type, technology development-specialization type, production application-aggregation type) are simulated. The simulation results cover output value, labor productivity, wage rate, return to capital, aggregate domestic demand, aggregate domestic output, export volume, domestic market price, consumption by economy, and investment volume for each industrial sector.
In the three typical regional innovation models, the Guangdong (production application-aggregation) type of regional innovation model has the most significant pull on the economy. A 10% increase in R&D investment in experimental development and a 0.66-fold increase in agglomeration would increase the average annual GDP growth rate by 1.04% relative to the baseline scenario of the national average until the 18th period. The Sichuan (technology development-specialization) type of regional innovation model also has a more significant economic pull. A 10% increase in applied R&D investment and a 0.33-time increase in agglomeration would increase the average annual GDP growth rate by 0.63% relative to the national average in the baseline scenario until the 18th period. In contrast, the Hubei (science discovery-hub) regional innovation model does not have a positive effect on economic growth and even slightly underperforms the national average scenario of the innovation model. A 10% increase in R&D investment in basic research and a 0.10-fold decrease in agglomeration would reduce the average annual GDP growth rate by 0.005% relative to the baseline scenario of the national average until the 18th period.
Although the pulling effect of basic research, applied research, and experimental development on economic growth decreases sequentially, the aggregation of innovation industries in the three states of centrality, specialization, and aggregation is progressively higher, and the aggregation has a significant contribution to innovation efficiency. Under the overlapping effect of positive and negative directions, the combination of high aggregation and the most downstream link of the innovation chain (i.e., the production application-aggregation innovation model in Guangdong) has the most direct and obvious positive stimulus to the economy, while the combination of low aggregation and the most upstream link of the innovation chain (i.e., the science discovery-hub innovation model in Hubei) has the worst performance.
10.2 Proposals
The innovation process takes place in space, and we cannot ignore the important role of regional characteristics on innovation and even on the quality of the economy. The clustering of innovative industries improves innovation efficiency by reducing transportation costs and enhancing knowledge spillover. Moreover, innovation aggregation and industry aggregation are complementary. The aggregation of innovation industries also means that the region has a well-developed industrial chain and a good foundation of supporting facilities, and the aggregation of innovation industries can attract more labor and capital to converge, forming a virtuous circle.
Regional innovation is constrained by resources and environment, and it is crucial to retain the variations and develop practices that are most suitable for the development of the region in the evolutionary process, which is also the development of regional innovation models. For regions, there is no hierarchy of higher or lower or better or worse regional innovation models. The heterogeneity of regional resource environment determines the heterogeneity of suitable regional innovation models and the inevitable existence of regional evolution.
Both theoretical analysis and simulation results hint at the importance of innovative industrial aggregation. Therefore, regions that do not yet have innovation advantages should accelerate the aggregation of innovation industries by introducing high-technology talents and capital. For regions with certain innovation advantages, they should vigorously develop R&D industries to form specialization advantages. For regions with economic location advantages, they should aim at innovation hubs and gradually radiate technology outward for the ultimate purpose of multi-regional synergistic development.
Here it is particularly important to emphasize innovation as a continuous source of power for regional development. This requires the development of R&D industries with innovation activities as the core, and the specialization of innovation. We should develop regions that gather many R&D industries as hubs of innovation networks, so that innovation hubs can exert regional innovation leadership and use this spatial structure of innovation to further drive the improvement of the overall regional innovation capacity and the synergistic development of the region.
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