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Abstract

:

In this study, we explore the evolution and formation mechanism of innovation ecosystem niche fitness from three perspectives: theoretical analysis, model construction, and empirical testing. Based on the niche theory, a theoretical framework for the innovation ecosystem is constructed. Spatiotemporal analysis and qualitative comparison methods are employed to estimate the innovation niche fitness of nine provinces located in the Yellow River Basin, and their spatiotemporal characteristics and differences in terms of formation mechanism differences are then explored. The results show that: (1) temporally, from 2000 to 2017, the innovation niche fitness in the Yellow River Basin experienced minor fluctuations. However, since 2017, there has been a considerable increase. Spatially, the midstream and downstream regions, particularly in the provinces of Shandong, Henan, and Sichuan, have a higher innovation fitness. Conversely, the upstream regions of Qinghai, Ningxia, Gansu, and Inner Mongolia display a lower fitness because of the lack of advantages in innovation elements. (2) The innovation niche fitness is heavily influenced by several factors, including the number of industrial enterprises above designated size, R&D personnel, higher education institutions, scientific research institutions, expenditure for technical renovation, sales revenue of new products, total expenditure on R&D, and the total retail sales of consumer goods. (3) Four mechanisms explain high innovation niche fitness, each of which corresponds to different regions. The formation mechanisms of low innovation niche fitness can be categorized into two paths, which have an asymmetric relationship with the formation mechanisms of high innovation niche fitness. Therefore, provinces and regions should focus on these advantages to enhance the innovation niche fitness. Our research will serve as a theoretical reference to enhance the overall innovation capacity of the Yellow River Basin in the future.






Keywords:


innovation ecosystem; niche fitness; QCA; the Yellow River Basin












1. Introduction


Innovation is imperative for a nation’s progress. Today, China’s economy has moved beyond rapid growth and into a phase of high-quality development [1]. Therefore, the approach to economic growth is shifting from traditional “input-driven” to “innovation-driven”. The 14th Five-Year Plan highlights the importance of implementing the innovation-driven development strategy, with a central focus on the nation’s overall development while building an open, inclusive, and competitive innovation ecosystem [2]. It is strategically crucial to develop a regional innovation ecosystem to enhance economic efficiency [3,4]. As the newest paradigm of innovation, the innovation ecosystem has become a research hotspot for its diversity, self-organization, adaptability, resilience, and sustainability. Scholars have interpreted the innovation ecosystem from perspectives such as system theory [5], network systems [6], and collaborative learning [7] and have studied its constituent elements and value co-creation processes.



Ecological niche, as a concept in ecology, refers to the ultimate survival unit in an ecosystem that happens to be occupied by a single species [8]. Hutchinson (1957) proposed the “N-dimensional hypervolume ecological niche,” which defines an ecological niche as a multidimensional space of environmental parameters that affect the survival of a species [9]. Li (1997) later introduced the notion of ecological niche fitness, which measures the degree of overlap between a species’ actual ecological niche and its ideal, optimum ecological niche within its habitat [10]. In an innovation ecosystem, a niche refers to the strategic positioning of innovation actors according to the available innovation resources, functions, and environmental factors in a specific spatiotemporal realm [4]. Niche fitness describes how closely the innovation ecosystem’s actual resource offerings and environmental features match the ideal and necessary resources and environmental factors for innovation practices in a specific domain [11,12]. Higher niche fitness means that innovation actors can access heterogeneous resources more effectively, which leads to higher efficacy in innovative activities [13]. In addition, an accurate evaluation of innovation ecosystem niche fitness acts as a guide to enhancing regional innovation capabilities, with scholars constructing various evaluation systems for different scales. For instance, Qin et al. (2011) assessed the innovation niche fitness of Hunan based on innovation resources, efficiency, potential, and vitality [14]. Sun and Li (2016) added innovation community and environmental dimensions to assess niche fitness and evolutionary momentum in the Beijing-Tianjin-Hebei region [15]. Villani (2021) proposed a comprehensive innovation niche framework that included 10 layers: anchor companies, growing small and medium- sized enterprises, startups, incubation environments, living labs and test beds, cluster policies and programs, research and development (R&D) activities, education, infrastructure, and innovation policy [16]. Xie and Liu (2021) characterized the ecological niche fitness of innovation ecosystems based on innovation communities, resource ecological niche, habitat ecological niche, and technology ecological niche, using the GM (1.1) model to predict the development trend of innovation ecological niche fitness in 30 Chinese provinces [17]. In summary, although previous studies have constructed evaluation index systems for innovation ecosystems from multiple perspectives, designed models according to natural ecological system theories are still lacking, resulting in the limited comprehensiveness of the data. Therefore, the intent of this study is to explore the evaluation of innovation ecosystem niche fitness from the perspective of natural ecological systems.



The Yellow River Basin is a significant region for grain production, energy enrichment, raw materials, and basic industry in China, and it plays a critical role in the economic and social development of the country [18]. In 2022, the total gross production value of the basin exceeded 30.699 trillion yuan, accounting for over a quarter of China’s national value. On 18 September 2019, General Secretary Xi Jinping announced ecological protection and high-quality development in the Yellow River Basin as a vital national strategy. However, the low-level of green development and low-carbon agricultural production, as well as the lagging development of high-tech strategic emerging industries, have led to relatively weak innovation capability in the Yellow River Basin, and an insufficient driving force for economic upgrades [19,20]. These constraints limit the continuous innovation in traditional industries and the promotion of emerging industries, which restricts the high-quality development of the region. Therefore, the transformation and upgrading of the economic system in the Yellow River Basin should be driven by innovation [21]. To achieve this goal, innovative and entrepreneurial activities must be employed to disrupt the existing innovation system and enhance regional innovation performance. This process will promote the dynamic flow of innovative resources, such as technology, talents, and funds, within the Yellow River Basin and facilitate the adjustments to industrial structure, the changes in the values of goods and services, and the increase in investment efficiency of the real economy through technological progress. Consequently, a scientific, rational, green, and safe innovation ecosystem will be established in the Yellow River Basin [22]. Notably, the demand for innovation resources in each province of the Yellow River Basin constitutes ecologic niches for innovation demands, and the existing innovation resources can also constitute corresponding resource space. The degree of fitness of existing innovation resource conditions for the development of the Yellow River Basin is reflected by the matching relationship between the two, and this requires measurement using ecological niche fitness.



Although the present literature lays a solid foundation for this study, there are some limitations that need to be considered. Firstly, under the background of innovative, coordinated, green, open and shared development, it is crucial to prioritize innovation development in the Yellow River Basin. This will enable balancing the economic growth between the north and south, consolidating achieved poverty alleviation, optimizing the ecological environment, strengthening foreign trade, and regional development coordination. Nevertheless, the existing academic research on the innovation ecosystem mainly concentrates on relatively advanced areas such as the Yangtze River Economic Belt, resulting in inadequate attention to the Yellow River Basin [11]. Secondly, the innovation ecosystem is similar to the natural ecosystem and must adhere to its formational properties and evolutionary laws during the evolutionary process. Ecological niche, as an important indicator of species in ecosystem occupation, is a more reasonable approach to evaluate the level of innovation ecosystem development in the Yellow River Basin from an ecological niche perspective. Consequently, based on the ecological niche theory, we evaluated the innovation niche fitness in nine provinces of the Yellow River Basin during 2000–2019 by constructing a regional innovation ecosystem ecological niche evaluation system. Subsequently, we identified critical influencing factors based on correlation analysis in SPSS. Finally, we analyzed the formation path of the ecosystem of innovation in the Yellow River Basin using qualitative comparative analysis (QCA). Our objective was to generate scientific recommendations for enhancing innovation capacity and promoting high-quality economic growth in the region.




2. Theoretical Foundation and Research Model


2.1. Regional Innovation Ecosystem


Analogous to natural and social ecosystems, a regional innovation ecosystem is a dynamic and balanced system consisting of innovation producers, consumers, and the environment [23]. It aims to promote the sustainable development of regions (Figure 1).



From the perspective of the innovation value chain, innovation producers in the upstream areas of the value chain are responsible for providing innovative products. Utilizing creative endeavors to transform resources furnished by the innovative environment into feasible products, they are the primary force and the cardinal entity of the innovation ecosystem [24]. Enterprises, universities, and research institutions engage in original and fundamental research to create products that meet market demands [25]. Innovation consumers in the downstream areas of the value chain act as evaluators and beneficiaries of innovation results and facilitate their transformation into benefits and market values. The demand for outcomes by innovation consumers mainly includes two aspects: the technology market and the production market [26]. Due to the difficulty in obtaining relevant data, the demand in the technology market is reflected by the technical market turnover, while the demand in the product market is measured with granted patents and new product sales revenue [26]. Innovation producers and consumers have interrelated roles and mutually impact each other. Innovation producers understand the demands and preferences of the consumer market through market operations, based on which they create new products and services to fulfill the needs of the consumer market. Innovation consumers, on the other hand, provide feedback to innovation producers on changes in market demands, which in turn promotes new ideas and technologies. Therefore, innovation producers and consumers can only achieve their common goals and interests through close cooperation and mutual listening.



The foundation for the development of innovation producers lies in the innovation environment, which includes four elements: factor environment [27], market environment [28], technology environment [29], and economic environment [30]. Among them, the factor environment includes the direct innovative resources involved in innovative activities, while the market environment refers to market conditions that have a significant impact on innovative activities. The technology environment hinges on the technical aspects that ensure the development of innovative activities, while the economic environment involves public services related to innovative activities. The innovation environment system provides innovation producers with the resources and space they need, and the consumer market impacts and optimizes various aspects of the innovation environment system through the circulation of innovative achievements. As shown in the above analysis, we developed an evaluation index system for the innovation ecosystem (Table 1).



In this study, we selected nine provinces along the Yellow River Basin in China as the research unit, namely Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia, Shaanxi, Shanxi, Henan, and Shandong. The research data are sourced mainly from the China City Statistical Yearbook and the China Statistical Yearbook on Science and Technology. The data regarding the “Penetration rate of the Internet “are from the “Statistical Report on the Development Status of the Internet in China” published by the China Internet Network Centre (http://www.cnnic.net.cn) (accessed on 25 February 2022).




2.2. Regional Innovation Ecosystem Niche Fitness


The subject of niche theory is the status of biological units [31]. In a regional innovation ecosystem, innovation units seek to find suitable niches that maximize profits effectively. As a result, these units engage in a competitive symbiosis that involves the division of labor and development to enhance the collaborative innovation and reinvention capabilities of the entire system. Essentially, innovation units can be divided into two categories based on the level of ecological niche similarity: similar and dissimilar units. Competing and cooperating activities between similar units tend to produce resource waste. On the other hand, dissimilar units derive from innovation units selecting different ecological niches, which leads to an effective division of labor [13].



The niche theory provides theoretical support for the synergistic development of the Yellow River Basin. However, excessive competition and niche overlap hinder the healthy development of the innovation ecosystem in the region [15]. Niche fitness measures the degree of the adaptation of different innovation units to their ecological environment based on the proximity between the actual values of each innovation factor and the optimal values. The niche fitness scores range between 0 and 1, with higher scores indicating better adaptation. Therefore, measuring niche fitness across various provinces in the Yellow River Basin is essential to identify the strengths and weaknesses of different innovation ecological factors. This will provide a robust scientific foundation for realizing the complementary strengths of the basin and crafting integrated development policies accordingly.



Based on the above analysis, a regional innovation ecosystem niche fitness model is constructed. We assume that X = {x1, x2, …, xn} reflect the quantitative indicators of the selected ecological factor, where xj ∈ Ij (j = 1, 2, …, n). Due to the continuous and dynamic evolution of regional innovation ecosystems, the quantitative indicators of ecological factors in different regions constitute an m-dimensional ecological factor space Em, Em = [xij]m×n, where i = 1, 2, …, m, j = 1, 2, …, n. The formula for calculating the niche fitness of the innovation ecosystem is shown in Formula (1).


  F i =   ∑  j = 1  n   ω j   min        x ′  i j −  x ′  a j     + α max        x ′  i j −  x ′  a j              x ′  i j −  x ′  a j   + α max        x ′  i j −  x ′  a j            



(1)




where Fi is the niche fitness of the innovation ecosystem in region i. ωj is the weight of ecological factor j, which is determined by the entropy method. x’ij is the standardized value of each ecological factor. x’aj is the optimal ecological niche for ecological factor j, which can be expressed by the formula x’aj = max{x’ij}. α is the model parameter, determined by Fi = 0.5 [14].




2.3. Analysis of Shaping Mechanisms on Regional Innovation Ecosystem Niche Fitness: Qualitative Comparative Analysis (QCA) Methods


The process of shaping regional innovation ecosystem niche fitness is complex and often difficult to explain with a single factor. Qualitative comparative analysis (QCA) can identify how various factors affect the outcome in combination [32]. Accordingly, in this study, we used the QCA approach to analyze the mechanisms that shape innovation ecosystem niche fitness. The QCA approach is essentially an ensemble theory approach that considers the relationship between different combinations of influences and outcome variables in the context of multiple concurrent causal relationships [33]. Consistency and coverage are two reliability indicators for the results obtained. Consistency refers to the extent to which a given outcome can be expected when a particular antecedent condition occurs, while coverage measures the strength of interpretation of a given outcome by all antecedent conditional patterns [34]. The formula is as follows:


  c o n s i s t e n c y   X ≤ Y   =  ∑  min    x i  ,  y i      /  ∑   x i     



(2)






  c o v e r a g e   X ≤ Y   =  ∑  min    x i  ,  y i      /  ∑   y i     



(3)




where X is the set of antecedent condition variables, and Y is the set of outcome variables. xi, yi are the affiliations of case i in combinations X and Y, respectively. In general, when the consistency is >0.8, it indicates that the antecedent variable is a sufficient condition for the outcome variable. Additionally, when the consistency is >0.9, the antecedent variable can be considered a necessary condition for the outcome variable [35]. Coverage is mainly used to assess the extent to which a given conditional grouping explains the outcome.





3. Trend for Niche Fitness of Innovation Ecosystem in the Yellow River Basin


3.1. Trend for Innovation Ecosystem Niche Fitness and Each Ecological Factor in the Yellow River Basin


Using the niche fitness model, we calculated the niche fitness of the innovation ecosystem in nine provinces along the Yellow River Basin. Additionally, to analyze the degree to which each ecological factor supported the development of the innovation ecosystem, we calculated the ecological factors’ niche fitness values from 2000 to 2019 (Figure 2).



On the whole, the innovation niche fitness in the Yellow River Basin showed a slow growth trend, increasing from 0.531 in 2000 to 0.553 in 2019, with 2017 being an important turning point. The growth can be divided into two stages. From 2000 to 2017, the innovation niche fitness experienced slight fluctuations. After 2017, the rise in fitness accelerated significantly. This can be attributed to “the National Innovation-Driven Development Strategy” and “the 13th Five-Year National Science and Technology Innovation Plan”, both of which emphasize the creation of an innovative ecosystem with various types of innovative subjects cooperating and interacting with each other, and the efficient allocation of innovation elements. This institutional support provides the necessary foundation for the construction of an innovation ecosystem in the Yellow River Basin, leading to a significant improvement in the overall innovation niche fitness since 2016. Among the ecological factors, the niche fitness for the innovation environment was the highest, and its trend was consistent with the overall trend of the niche fitness, suggesting that the innovation environment holds a primary position in the operation of the innovation ecosystem. The innovation environment is complex and contains multiple constituents, which significantly affects the overall innovation ecosystem. The second ecological factor was the innovation producer niche fitness, which had minor fluctuations of around 0.15 during the study period. The niche fitness of innovation consumers persistently remained inferior during the study period, creating an essential limitation to the development of the overall innovation niche fitness. Furthermore, it showed a decreasing trend after 2009, which demands special consideration in the future.




3.2. Trend for Innovation Ecosystem Niche Fitness in Upstream, Midstream, and Downstream Regions


To show the regional differences in the innovation niche fitness within the Yellow River Basin, we categorized the nine provinces into three groups: upstream (Qinghai, Sichuan, Gansu, Ningxia, and Inner Mongolia), midstream (Shaanxi and Shanxi), and downstream (Henan and Shandong). We then calculated the average niche fitness values in each of the regions and compared them with the overall niche fitness value (Figure 3).



Based on distinct economic foundations, innovation environments, and resource endowments, the innovation niche fitness significantly varied across upstream, midstream, and downstream regions in the Yellow River Basin. The upstream regions, specifically Qinghai, Sichuan, Gansu, Ningxia, and Inner Mongolia, exhibited stable fitness values, oscillating around 0.45. These areas have underdeveloped economies, weak agglomeration of innovation factors, and insufficient innovation power, leading to a lower niche fitness. In the midstream of the Yellow River, the niche fitness initially declined and then increased during the study period. The fitness reached its nadir in 2007, with a value of 0.500, and then exhibited an upward trend. This was mainly due to the concentration of universities in Shaanxi and Shanxi provinces and the national strategy of the “Science and Education Prosperity Special Program” introduced in 2007, which greatly increased innovation entities’ production capacity and improved innovation niche. In the downstream region of the Yellow River, the innovation niche fitness showed a fluctuating downward trend before 2015, followed by a rapid increase. Based on their sound economic development foundations, Henan and Shandong provinces have actively implemented the innovation-driven development strategy in recent years and introduced advanced technology and innovation enterprises, resulting in a significant increase in the innovation niche, which is now at a higher level.




3.3. Trend for Innovation Ecosystem Niche Fitness in Nine Provinces


To perform a comprehensive analysis of spatial variations in the innovation niche fitness within the Yellow River Basin, the natural breakpoint method in ArcGIS was utilized to visualize and evaluate the levels of niche fitness across the nine provinces in 2000, 2010, and 2019 (Figure 4). The results were then classified into three categories: high level, medium level, and low level.



As shown in Figure 4, the innovation niche fitness in the Yellow River Basin is continuously distributed. In 2000, Shandong province had a high level of fitness due to the introduction of leading science and innovation companies such as Siemens, combined with extensive cooperation with local companies to enhance the competitiveness of the innovation ecosystem. Sichuan, Shaanxi, and Henan had medium levels of fitness. In Shaanxi and Sichuan, this was due to their reliance on strong innovative resource endowments, whereas Henan attained medium fitness due to its high scores in terms of both innovation producers and innovation consumers. Qinghai, Gansu, Ningxia, Shanxi, and Inner Mongolia had low levels of niche fitness. This was mainly due to their weak economic environments, insufficient innovative entities, and limited innovation environments during the early years of the study period. In 2010, Shanxi transitioned from a “low” level of fitness to a “medium” level. The main reason may be that, as a traditional resource province, Shanxi had many industrial enterprises that increased their investment in technological transformation, and an enhanced innovation environment led to a significant enhancement in innovation niche fitness. The performance of the other provinces remained the same as that in 2000. In 2019, Inner Mongolia’s fitness developed from “low” to “medium” level. Since the implementation of the “13th Five-Year Plan”, Inner Mongolia has been improving its innovation capacity and actively strengthening the supply of technological progress in key areas. The region actively participated in key national R&D projects, resulting in significant progress in innovation output and hence an increase in niche fitness. The performance of the other provinces and regions remained the same as that in 2010.





4. Identification of Critical Influencing Variables of Niche Fitness for the Innovation Ecosystem in the Yellow River Basin


The innovation niche fitness in the Yellow River Basin varied significantly across different regions due to various factors. To identify the primary impact factors, we conducted a correlation analysis using SPSS [36], which examined the degree of correlation between 15 variables and innovation niche fitness. The analysis revealed that eight indicators, namely industrial enterprises above designated size, the full-time equivalent of R&D personnel, higher education institutions, scientific institutions, expenditure on technical upgrading, revenue from new products, total R&D expenditure, and total consumer goods retail sales, were highly correlated with niche fitness at a 99% significance level. These indicators can be considered essential factors impacting innovation fitness in the Yellow River Basin (Table 2).



Specifically, the number of industrial enterprises above the designated size, research institutes, and higher education institutions, which represent innovation producers, form the basis of the innovation ecosystem [37]. A good innovation producer provides financial and equipment support and attracts talent and capital, supplementing innovation factors and ultimately improving the regional innovation niche fitness. The total retail sales of consumer goods, which characterize the market environment, enable innovation results to have market value and act as a source of motivation for improving innovation niche fitness [28]. The number of R&D personnel and total R&D expenditure are the primary factors directly linked to innovation activities, determining the possibility of regional innovation. A prosperous resource endowment signifies abundant innovation inputs, which are fundamental to the accomplishment of innovative outcomes. Furthermore, technical renovation investment reflects firms’ willingness to be primary subjects of the innovation ecosystem [29]. Higher technical renovation investment indicates that firms are willing to pay more for producing superior-value products with increased competitiveness. New product sales revenue is a direct reflection of consumers’ demand for innovative productions [28]. Higher innovation revenue drives the innovation ecosystem’s subjects to expand their innovation scale, forming a virtuous circle that improves the niche fitness of regional innovation. These above variables are significant to the innovation ecosystem and serve as the primary impetus for enhancing regional innovation niche fitness. As they work together, it is essential to explore the combination of conditions impacting the fitness of the innovation ecosystem to optimize the allocation of innovation resources and improve the innovation capacity in the Yellow River Basin.




5. An Analysis of the Mechanisms That Shape Niche Fitness for the Innovation Ecosystem in the Yellow River Basin


In this study, we employed the qualitative comparative analysis (QCA) technique to examine the formation mechanisms of innovation ecosystem niche fitness, using the mean values of critical variables from 2000 to 2019 in nine provinces within the Yellow River Basin as condition variables.



5.1. Variable Calibration


QCA methods based on set theory aim to identify sufficient or necessary subset relationships between the configurations of different antecedent variables and outcome variables. The difference between QCA analysis and traditional analysis techniques lies in its analysis of sets rather than variables. Therefore, it is necessary to calibrate the measured variables to give the original variables a meaningful set interpretation [32]. Calibrating the variables to sets requires setting three critical values based on theoretical and practical external knowledge or standards: complete affiliation, complete unaffiliation, and crossover point. The crossover point is the midpoint that distinguishes complete affiliation from complete unaffiliation. Therefore, the fuzziness of whether a case belongs to a set is greatest at this point [38,39]. In this paper, the three-valued fuzzy set calibration method of Fan et al. (2020) was adopted, with the variables using 95%, 50%, and 5% quantile values as the thresholds for complete affiliation, crossover point, and complete unaffiliation, respectively [40]. The calibration data of each variable are shown in Table 3.



As shown in Table 3, based on the outcome variable of the innovation niche fitness, the suitability index for the innovative ecological niche was mainly between 0.413 and 0.791, with a value of 90%. This indicates that the overall niche fitness in the Yellow River Basin is at a moderate level. The difference between the 5% percentile value and the 95% percentile value of each condition variable is relatively large, indicating that there are significant differences in innovation factors among provinces along the Yellow River Basin, resulting in different levels of innovation niche fitness.




5.2. Analysis of the Need for Individual Conditions


The set analysis involves two basic strategies: the first is to determine if a condition (X) is a subset of the result (Y), thereby serving as a sufficient condition (X ≤ Y). The second is to determine if a condition (X) is a superset of the result (Y), thereby serving as a necessary condition (Y ≤ X). The configuration of conditions can constitute the result if the consistency of cases with the same result under the shared configuration of conditions exceeds an acceptable empirical standard [41]. When the consistency level is greater than 0.9, it indicates that a certain condition is necessary condition for the result [38].



In this study, the consistency level of individual condition variables for both high and low innovation niche fitness was less than 0.9 (Table 4), suggesting that no single factor acted as a bottleneck for the shaping of the innovation ecosystem. Therefore, it was necessary to explore the influence of the configuration of conditions on innovation niche fitness. Notably, the consistency level of full-time equivalent R&D personnel was 0.896 for high innovation niche fitness, which is close to 0.9. Although it did not constitute a necessary condition for the outcome variables, its importance is highlighted and should be given special attention in the future.




5.3. Sufficiency Analysis of Conditional Configurations


Typically, the sufficiency analysis of conditional configurations results in three solutions: the complex solution, the parsimonious solution, and the intermediate solution. The complex solution contains only the configuration of the actual observed cases, while the parsimonious solution contains the configuration of the observed cases, together with all simple and complex logical residues. The intermediate solution, on the other hand, only includes the configuration of actual observed cases and simple logical residues. The intermediate solution strikes a balance between the complexity of the complex and parsimonious solutions. Therefore, the path configuration analysis presented in this paper is the result of the intermediate solution.



5.3.1. Path Analysis of High Innovation Niche Fitness


In this research, histological analysis was conducted using the fsQCA 3.0 software. After careful consideration, the frequency threshold was determined to be 1, while the original consistency threshold and PRI consistency threshold were both set at 0.8 [39]. The results revealed four distinct histological paths (H1a, H1b, H2, and H3) that explained the high innovation niche fitness in the Yellow River Basin (Table 5).



Both H1a and H1b share a common core condition, namely, the requirement of R&D personnel for high innovation niche fitness. However, the edge conditions for each configuration differ. Configuration H1a emphasizes the importance of having a sufficient number of research institutes and higher education institutions to provide the necessary support for regional innovation. This highlights the fact that high innovation niche fitness is primarily driven by the presence of adequate innovative human capital and robust innovation subjects, even if other conditions are not yet optimal. With sufficient human capital aimed toward innovation, the innovation system can receive the necessary financial and equipment support, ultimately leading to high innovation niche fitness. In contrast, configuration H1b demonstrates that the convergence of research institutes, higher education institutions, and total R&D expenditure collectively contributes to achieving high innovation niche fitness. This path indicates that, if necessary financial and human resources are ensured for universities and research institutes, high innovation niche fitness can still be achieved during the early stages of the regional innovation market. Examples of representative provinces in this category include Sichuan and Shaanxi.



Configuration H2 is characterized by three core conditions, namely, the number of industrial enterprises above the scale, the number of R&D personnel, and the total retail sales of consumer goods. This configuration underscores the crucial role played by innovation subjects, human capital, and market demand in driving high innovation niche fitness. To optimize the resource allocation of innovation subjects, invest in human capital, and deploy innovation tasks effectively, it is essential to cultivate a deep understanding of market demand and rapidly respond to changes in market dynamics. By taking these measures, we can prevent mismatches between market demand and supply and boost the niche fitness of the innovation ecosystem. Representative provinces exemplifying this configuration include Shandong and Henan.



Configuration H3 places emphasis on expenditures for technical renovation, with the presence of the number of industrial enterprises above the scale, total retail sales of consumer goods, and the absence of the number of R&D personnel and total expenditure on R&D as supporting conditions. This configuration suggests that in the face of limited innovation resources, enterprises should have a deep understanding of market demands and actively enhance their own technology in order to achieve greater compatibility through a complementary internal and external approach. The proposed model asserts that firms should take a leading role in enhancing innovation niche fitness in situations where innovation resources are insufficient. A notable example of this configuration is found in Shanxi.




5.3.2. Path Analysis of Low Innovation Niche Fitness


In light of the causal asymmetry present in the fsQCA analysis, i.e., particular outcomes require distinct explanations via varying combinations of conditions [42], we pursued a comprehensive assessment of the limiting factors that hinder enhanced innovation niche fitness within the Yellow River Basin. Accordingly, in this research, we delved deeper into the configurations resulting in low innovation niche fitness and conclusively identified two pathways (NH1 and NH2) that elucidate a low fitness in the Yellow River Basin. The findings are presented in Table 5.



In configuration NH1, the innovation niche fitness is hindered due to the absence of crucial indicators such as the number of higher education institutions, new product sales revenue, and R&D personnel. It is important to note that the relationship between industry-university-research cooperation networks and innovation capacity enhancement is becoming increasingly interconnected. Fewer higher education institutions directly result in a lack of regional innovation and insufficient R&D personnel, while insufficient revenue from new products points to the poor performance of regional innovation output. These factors work together synergistically, exacerbating the shortage of innovators and impeding the improvement of innovation niche fitness. Representative provinces affected by this include Qinghai and Ningxia.



Within configuration NH2, limitations in innovation subjects and inadequate resources put a damper on enhancing regional innovation capacity, resulting in reduced niche fitness. Universities and research institutions are crucial components of regional science and technology outputs, while human and financial resources determine the potential for regional innovation. With a solid resource endowment, innovation inputs are relatively sufficient, serving as the foundation for achieving innovation outcomes. However, when both the primary body of regional innovation output and innovation resources are lacking, even a high level of enterprise innovation capacity can fail to achieve high-level innovation niche fitness. Representative provinces such as Gansu and Inner Mongolia exemplify this challenge.






6. Conclusions and Suggestions


Based on the niche theory, a research framework of niche fitness for the innovation ecosystem and its influencing factors was constructed. Taking nine provinces along the Yellow River Basin in China as research objects, in this study, we investigated the spatiotemporal evolution characteristics, multiple influencing factors, and shaping paths of innovation niche fitness using spatiotemporal analysis and qualitative comparison methods. Our findings are as follows:



First, from 2000 to 2017, the levels of innovation niche fitness remained relatively stable, with slight fluctuations. Innovation niche fitness levels experienced a sharp rise after 2017, but the overall level is still relatively low. The possible cause may be attributed to the fact that the market and product demand niches that would reflect the needs of innovation consumers lagged behind. Midstream and downstream regions, such as Shandong, Henan, and Sichuan, displayed higher levels of fitness, while Qinghai, Ningxia, Gansu, and Inner Mongolia lack innovation subjects, resources, and environmental advantages, leading to lower levels of fitness.



Second, the innovation niche fitness within the Yellow River Basin is affected by several significant factors, including the number of industrial enterprises above the designated size, R&D personnel, higher education institutions, scientific research institutions, expenditure for technical renovation, sales revenue of new products, total expenditure on R&D, and total retail sales of consumer goods. To enhance the innovation niche fitness, provinces and regions should prioritize their attention on addressing these critical factors.



Finally, with the analysis of sufficiency, we categorized the high level of innovation niche fitness in the Yellow River Basin into four distinct paths: Paths H1a and H1b highlighted the importance of innovative human resources; path H2 highlighted the synergies among areas of innovation, human capital, and market demand; and path H3 highlighted the capability for technological innovation as critical in improving innovation niche fitness in under-resourced regions. Conversely, the low level of innovation niche fitness occured along two distinct paths and featured an asymmetric association with the high level of innovation niche fitness path.



The quality development of the Yellow River Basin is closely tied to the enhancement of the innovation ecology. To achieve innovation development in the basin, it is essential to cultivate an integrated and symbiotic innovation ecosystem [43]. A well-functioning innovation ecosystem should be an entity where innovation subjects and factors continually interact and integrate. The interaction of technology and the market should encourage innovation subjects to attain their maximum potential. It falls upon the government to create a liberal and encouraging environment for innovation. It is also necessary to facilitate coordination among different innovation subjects and strengthen innovation dynamics through institutional and policy reforms and coordinated planning, thus promoting innovation development in the Yellow River Basin.



Shandong and Henan located in the downstream region of the Yellow River achieved high niche fitness under the joint effect of human capital and market demand targeting innovation. Therefore, provinces in the downstream region should further prioritize the decisive role of human capital aimed toward innovation and attract more technology-oriented enterprises and high-quality talents to settle down. Meanwhile, they should improve the R&D and production capabilities of key core technologies to create diversified products for the demand market. In addition, the government should lead the establishment of an innovative eco-industrial park that appeals to high-tech firms looking to establish operations in the locality. Through industrial clustering, this initiative can invigorate economic growth while simultaneously providing benefits throughout the surrounding areas, thus enhancing their technological innovation potential [44].



The midstream region of the Yellow River is mostly composed of provinces that primarily rely on natural resources. The results of path analysis also indicate the core role of technological innovation in achieving a high niche fitness. Based on this, Shaanxi Province located in the midstream region of the Yellow River should make full use of the advantages of numerous universities. By constructing industry-academia-research cooperation networks based on the excellent innovation outputs of universities, it can further enhance the capability of transforming enterprise innovation achievements. Moreover, building green and efficient technology enterprise incubation bases and transformation platforms can facilitate effective linkage between innovation production and consumption.



The upstream region of the Yellow River faces challenges in achieving innovation development due to having few innovation producers and resources and low market demand. To address this issue, the government should play a leading role by formulating relevant favorable policies, increasing innovation input, and enhancing the vitality of innovation entities. In addition, they should accelerate the construction of innovation achievement transformation service platforms, emphasize the utilization capability of innovative resources, and strengthen cooperation with provinces with higher innovation capabilities to expand the market for innovation achievements.
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Figure 1. Complex framework on innovation ecosystem. 
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Figure 2. Trend for overall innovation niche fitness and each ecological factor in the Yellow River Basin, 2000–2019. 
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Figure 3. Trends for innovation niche fitness in upstream, midstream and downstream regions, 2000–2019. 
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Figure 4. Trends for innovation ecosystem niche fitness in nine provinces. Sub figures (a–c) represent the years 2000, 2010, and 2019. 






Figure 4. Trends for innovation ecosystem niche fitness in nine provinces. Sub figures (a–c) represent the years 2000, 2010, and 2019.



[image: Sustainability 15 09454 g004]







[image: Table] 





Table 1. Index system for the innovation ecosystem.






Table 1. Index system for the innovation ecosystem.





	
Evaluation Objectives

	
Primary

Index

	
Secondary Index

	
Description of Secondary Indicators (Unit)






	
Innovation ecosystem

	
Innovation producer

	
enterprises

	
Number of industrial enterprises above designated size (unit)




	
research institutions

	
Number of regular institutions of higher education (unit)




	
universities

	
Number of scientific research institutions (unit)




	
Innovation consumer

	
technology market

	
Technical market turnover (104 yuan)




	
production market

	
Number of patents granted (piece)




	
Sales revenue of new products (104 yuan)




	
Innovation environment

	
factor environment

	
Full-time equivalent of R&D personnel (man-year)




	
Total expenditure on R&D (104 yuan)




	
Expenditure for education (104 yuan)




	
Number of college students per 100,000 people (students)




	
market environment

	
Total retail sales of consumer goods (104 yuan)




	
technological environment

	
Penetration rate of the Internet (%)




	
Expenditure for technical renovation (104 yuan)




	
economic environment

	
Per capita GDP (yuan)




	
Total investment in fixed assets (104 yuan)
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Table 2. Correlation analysis of variables.






Table 2. Correlation analysis of variables.





	
Conditional Variables

	
Innovation Niche Fitness




	
Relevance

	
Significance






	
Number of regular institutions of higher education

	
0.911 **

	
0.000




	
Full-time equivalent of R&D personnel

	
0.892 **

	
0.000




	
Number of regular institutions of higher education

	
0.853 **

	
0.000




	
Number of scientific research institutions

	
0.847 **

	
0.000




	
Expenditure for technical renovation

	
0.782 **

	
0.000




	
Sales revenue of new products

	
0.743 **

	
0.000




	
Total expenditure on R&D

	
0.728 **

	
0.000




	
Total retail sales of consumer goods

	
0.715 **

	
0.000




	
Number of patents granted

	
0.796

	
0.010




	
Technical market turnover

	
0.784

	
0.012




	
Number of college students per 100,000 people

	
0.277

	
0.471




	
Per capita GDP

	
0.142

	
0.058




	
Expenditure for education

	
0.547

	
0.119




	
Total investment in fixed assets

	
0.273

	
0.478




	
Penetration rate of the Internet

	
0.016

	
0.829








Note: ** Significantly correlated at the 0.01 level (bilaterally).
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Table 3. Calibration points for each variable.
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	Variables
	Complete

Affiliation
	Crossover Point
	Complete

Unaffiliation





	Innovation niche fitness
	0.791
	0.489
	0.413



	Number of industrial enterprises above designated size
	25,774.980
	3930.850
	630.900



	Number of scientific research institutions
	201.130
	113.800
	22.370



	Number of regular institutions of higher education
	111.700
	64.900
	12.120



	Sales revenue of new products
	63,278,259.266
	7,568,820.630
	802,816.281



	Full-time equivalent of R&D personnel
	151,169.599
	37,214.730
	4864.307



	Total expenditure on R&D
	5,734,580.940
	876,388.000
	118,688.900



	Total retail sales of consumer goods
	13,042.694
	3470.448
	441.967



	Expenditure for technical renovation
	2,134,257.022
	550,546.290
	119,845.275
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Table 4. Analysis of necessary conditions.
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Variables

	
High Innovation

Niche Fitness

	
Low Innovation Niche Fitness




	
Consistency

	
Coverage

	
Consistency

	
Coverage






	
Number of industrial enterprises above designated size

	
0.817

	
0.873

	
0.436

	
0.609




	
~Number of industrial enterprises above designated size

	
0.589

	
0.416

	
0.809

	
0.841




	
Number of scientific research institutions

	
0.845

	
0.779

	
0.504

	
0.609




	
~Number of scientific research institutions

	
0.526

	
0.420

	
0.817

	
0.856




	
Number of regular institutions of higher education

	
0.830

	
0.771

	
0.462

	
0.562




	
~Number of regular institutions of higher education

	
0.472

	
0.374

	
0.812

	
0.845




	
Sales revenue of new products

	
0.805

	
0.836

	
0.421

	
0.641




	
~Sales revenue of new products

	
0.655

	
0.435

	
0.892

	
0.870




	
Full-time equivalent of R&D personnel

	
0.896

	
0.863

	
0.409

	
0.578




	
~Full-time equivalent of R&D personnel

	
0.562

	
0.393

	
0.803

	
0.827




	
Total expenditure on R&D

	
0.802

	
0.800

	
0.419

	
0.613




	
~Total expenditure on R&D

	
0.612

	
0.418

	
0.863

	
0.865




	
Total retail sales of consumer goods

	
0.817

	
0.785

	
0.442

	
0.623




	
~Total retail sales of consumer goods

	
0.607

	
0.426

	
0.848

	
0.872




	
Expenditure for technical renovation

	
0.882

	
0.784

	
0.469

	
0.611




	
~Expenditure for technical renovation

	
0.563

	
0.419

	
0.835

	
0.812








Note: “~” stands for “not” in logical operations. In the case of returns, for example, the absence of “~” indicates a high number of industrial enterprises above designated size, and the presence of a “~” indicates a low number of industrial enterprises above designated size. Qualitative comparative analysis is a form of asymmetric analysis. For example, high number of industrial enterprises above designated size are the cause of high innovation niche fitness, but it does not follow that low number of industrial enterprises above designated size are the cause of low innovation niche fitness; that is, the reasons for the emergence or otherwise of the desired outcome are asymmetric and need to be analyzed separately.
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Table 5. Configuration path analysis of high and low innovation niche fitness in the Yellow River Basin.
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Conditional Variables

	
High Innovation Niche Fitness

	
Low Innovation

Niche Fitness




	
H1a

	
H1b

	
H2

	
H3

	
NH1a

	
NH2






	
Number of industrial enterprises above designated size
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Number of scientific research institutions
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Number of regular institutions of higher education
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Sales revenue of new products
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Full-time equivalent of R&D personnel
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Total expenditure on R&D
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Total retail sales of consumer goods
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Expenditure for technical renovation
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Consistency

	
0.92

	
0.93

	
0.92

	
0.87

	
0.97

	
1




	
Coverage

	
0.41

	
0.45

	
0.74

	
0.48

	
0.75

	
0.22




	
Unique coverage

	
0.02

	
0.01

	
0.01

	
0.01

	
0.48

	
0.12




	
Consistency of solutions

	
0.85

	
0.97




	
Coverage of solutions

	
0.91

	
0.81








Note: [image: Sustainability 15 09454 i001] indicates that the core condition is present; [image: Sustainability 15 09454 i002] indicates that the marginal condition is present; [image: Sustainability 15 09454 i004] indicates that the core condition is missing; [image: Sustainability 15 09454 i003] indicates that the marginal condition is missing; a space indicates that the condition is optional.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-15-09454


  
    		
      sustainability-15-09454
    


  




  





media/file11.png





media/file6.jpg
(@)2000





media/file1.png
consumer

turnover market market

Sales revenue of
new products

- ‘I Enterprises I’ ———————— { Research institutions |' ———————— Colleges I" -
Innovation 5 ! i ! :
producer | Number of industrial Number of scientific Number of institutions I
| enterprises above size research institutions of higher education :
L
e IR 30 P o st e g e S A o e T > S YT D s 11 R sy T 2 gl cpm gm0 07T AR e T B S a5 B RO L 1
providing | - S e
resources and : / Factor \ / Market Vi Technological \ / Economic y
space necessary) | environment § environment § environment ¥ environment :
' ' " 'y
N ! ¥ ¥ . ' . |
] " ! . | »
) [ Human factors J il it Penetration rate of il Per capita GDP :
' 1y " 4y
Innovation i ll ' | Total retail sales of | | Internet ¥ |
environment | ! ‘! consumer goods i ! | :
' . R » 'y ' . | . . |
A | | l Financial factors I ¥ | i Expenditure for ; i Total investment in "
: \ /o /| technical renovation ‘o fixed asset i
N ,’I S ” '
| “VEisser e e e S~ L T
' = |
influencing andl ® Good factor endowments are the root of achieving innovative achievements |
optimizing all WEPR——. Innovation market act as a source of motivation for the innovation niche fitness | o o - — — — — _!
aspects I ® Technological update reflects the willingness of enterprises to play the main role |
| ® Superior economic foundation provides financial support for innovation systems '
| |
I |
| Number of |
I : patent granted |
. | Technical market Technology Production |
Innovation |
|
|
|
I





media/file7.png
0 250 500 km
L+ 1 |

(AN
I/‘ \_rﬂp7
/
f
= .
R
G«J
!
\»_,‘\\

~ Inner Mongolia J,_,."
s oY

Innovation niche fitness

| Low level
B Medium level
B tiigh level

(a) 2000

0 250 500 km
L+ 1 |

= f; WL
* Inner Mongolia J,_ﬁ
ek

Innovation niche fitness

D Low level
B Medium level
B High level

(b) 2010

0

250 500 km

Innovation niche fitness
! - Low level

B Medium level
I tiigh level

(c) 2019





media/file9.png





media/file10.png





media/file5.png
Niche fitness

0.800

0.750

0.700

0.650

0.600

0.550

0.500

0.450

0.400

QO & & O » O o & @ O O DN 9 v % 9 o A > O
L N R QF 7 Q) QF Q & Q QA QA & & & &S QO QY
e Niche fitness of overall —— Niche fitness of upstream

—@— Niche fitness of midstream —t¢—= Niche fitness of downstream





media/file12.png





media/file3.png
Niche fitness of overall

0.590

0.570

0.550

0.530

0.510 WW

0.470

0.450

Niche fitness of overall

—@— Niche fitness of innovation consumer

NN NN N SN
NN N NG NERNEENEEN

—f— Niche fitness of innovation producer

Niche fitness of innovation environment

0.350

0.300

0.250

0.200

0.150

0.100

he fitness of each ecological factor

1C

0.050

N

0.000

Year





media/file4.jpg
Niche fitness

0800
0750
0700
0650
060
0550
0300
0450

o400

FSELLTE TS F LSS5 v

s Niche fitness of overall
—e— Niche fitness of midstream

s Niche fitness of upstream
—+— Niche fitness of downstream





media/file0.jpg
oo Tt

envament s s
ilucncing o corcnbonmens e ot f civing v v
i} o et e ot o o son o s v i s

e s e g of v iy i e
Sipror oo oo v ol o o vt






media/file2.jpg
0350

oo

= s =
g g &
Nicheftmes of ¢ach ecological

g

0000

FEFFFTEFSF TP LTS e

st Niche fitness of overall
—e— Niche fitness of innovation consumer

e Nichefitness of innovation producer
—e— Niche fitness of innovation environment





