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As there are a large number of risk factors affecting green innovation under the global value chain, the screening of risk indicators is a key link in developing green innovation activities. Through the analysis of the influencing factors of current green innovation risk, the primary index of green innovation risk is established. The group decision characteristic root method is used to identify the key importance of primary indicators of green innovation risk and construct the global value chain’s green innovation risk index system, which provides a scientific method and new ideas for measuring and evaluating green innovation risk in the global value chain. The empirical results of this paper are as follows: 1) green R&D risk measurement indicators under the global value chain include the proportion of global green R&D personnel investment, the proportion of global green R&D capital investment, the stability of global green R&D in manufacturing, the ease of international transfer of green technology, and the international protection of green technology patents; 2) Green manufacturing risk measurement indicators under the global value chain have seven risk factors: the proportion of global green manufacturing personnel investment, the proportion of global green manufacturing capital investment, the global green manufacturing product production scale, the global green manufacturing product quality performance level, the global outsourcing scale of green products, the global green manufacturing technology transformation degree of manufacturing industry, and the global green manufacturing cost increase; 3) green marketing risk measurement indicators under the global value chain have seven risk factors: the proportion of global green marketing personnel investment, the proportion of global green marketing capital investment, the international demand level for green products, the international market competition intensity of green products, the possession of green products to existing international marketing channels, the commercialization and internationalization level of green technology, and the intensity of green technical barriers to trade in the international community; and 4) green service risk measurement indicators under the global value chain have five risk factors: the proportion of global green service personnel investment, the proportion of global green service capital investment, the 1coverage of global green service outlets, the globalization level of global green product supply chain, and the global after-sales technical service capability of green products.
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1 INTRODUCTION
Since the 1980s, the global economy has witnessed rapid advancements in production and the globalization of trade. This phenomenon of globalization has emerged as a significant characteristic of the modern economy, facilitating the accelerated international movement of production factors such as capital, goods, and technology. As a result, it effectively stimulates the optimal allocation of resources on a global scale., but also changes original production, consumption, and management methods and creates new market opportunities. The realization of globalization is governed and organized through global value chains (Sun Y. Y. et al, 2020). Within the global value chain’s division of labor system, China’s manufacturing industry currently finds itself at nearly the bottom of the global value chain, facing the unfavorable situation of being “low-end locked” (Sun Y. Y. et al, 2020). In order for China‘s manufacturing industry to break out of the low-end lock of the global value chain, the country needs to actively engage in the international division of labor by integrating itself into the global value chain, improve its own innovation ability and green market entry ability through green innovation, transition to the high value-added link in the global value chain, and complete the value promotion in the global value chain to enhance its competitiveness in the international market. The word “innovation” itself is related to risk. While green innovation in manufacturing has the potential to create economic, social, and ecological value (Dong et al, 2023a), it is important to recognize that it is also a high-risk endeavor. All technological innovation activities accompanied by risks (PIETROBELLI and RABELLOTTI, 2011). A series of current uncertain risk factors have become the biggest obstacles to improving green innovation in the manufacturing industry. The value of green innovation must be created and protected through risk management (Luo and Jia, 2023). At the same time, green innovation ability also directly determines the international market competitiveness of the company itself. Only with strong green R&D ability can a company develop and produce green products that meet the needs of the international market, to continuously improve the international competitiveness of the company and remain invincible in the face of international competition (Wang et al, 2022). Therefore, measuring and identifying the level of green innovation risk is essential for improving companies’ ability to develop green innovation, enhance market competitiveness, and achieve sustainable development. Correctly identifying and analyzing green innovation risk is key to the success of innovation activities (Xiao et al, 2022).
2 GREEN INNOVATION RISK INDEX DESIGN UNDER THE GLOBAL VALUE CHAIN
2.1 Analysis of constituent factors
Global value chain is made up of four important links: R&D, production, marketing, and service (Zhang et al, 2020). However, not all links create the same amount of value in the global value chain’s value creation process. As the famous “smile curve” shows, the value created by R&D, marketing and service links is higher, while the value created by manufacturing links is lower (Wu and Fan, 2021). From the perspective of current development of the world economy, the global value chain not only brings opportunities for products to enter the international market (Ye et al, 2021), it also plays a crucial role in integrating green resources throughout various stages of the global value chain. This integration enhances the green innovation capabilities of the manufacturing industry and contributes to the advancement of green industries (Sui et al, 2015). Therefore, taking into account the influence of the global value chain on the green innovation process, this study divides the green innovation process of the manufacturing industry within the global value chain into four main stages: global green innovation R&D, global green innovation manufacturing, global green innovation marketing, and global green innovation service. The risks faced by green innovation in the global value chain of the manufacturing industry are the products of the combined effects of global value chain, green economic development needs, and innovation risks (Ren et al, 2021). Based on the four important stages of R&D, the linear process of R&D, manufacturing, The process of green innovation in the manufacturing industry within the global value chain encompasses various stages such as manufacturing, marketing and service of green innovation in the manufacturing industry includes the risk factors of green innovation in manufacturing industry under global value chain include global green innovation R&D risk, global green innovation manufacturing risk, global green innovation marketing risk, and global green innovation service risk (Ye, 2021), as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Green innovation risk classification of the manufacturing industry under the global value chain.
2.2 Construction of risk indicators
The evaluation index design of intellectual property rights of high-tech companies should follow the principles of being comprehensive, scientific, operable, and quantifiable. In this study, we adopted the grounded theory research method to identify the risks associated with green innovation in the manufacturing industry within the global value chain. Furthermore, we explored the factors that influence these risks, using them as the theoretical foundation for our analysis. Based on the existing research results, from the four dimensions of global green R&D risk, global green manufacturing risk, global green marketing risk, and global green service risk, the global value chain green innovation risk index system was initially constructed, including four secondary indicators and 31 tertiary indicators. See Table 1 for details.
TABLE 1 | Primary selection of green innovation risk indicators in the global value chain.
[image: Table 1]3 GREEN INNOVATION INDEX SCREENING UNDER THE GLOBAL VALUE CHAIN
Academic research on green innovation risk indicators under the global value chain is in its exploratory stage. The existing research mostly uses fuzzy analytic hierarchy process (AHP) and matter-element methods to comprehensively analyze relevant indicators and obtain evaluation results. Due to the large number of green innovation risk indicators, secondary indicators cannot be accurately discarded to retain effective information unless the weight of each indicator under the criterion layer can be accurately identified. In 1996, Professor Yuanhua Qiu proposed the group decision characteristic root method, which is a new characteristic root method that combines the experience and wisdom of scholars in related fields to judge and make decisions on multiple evaluated objects. It is a mathematical decision-making method, which is a derivative branch of the analytic hierarchy process proposed by T. L. Saaty, but the group decision eigenvalue method is superior to the analytic hierarchy process. It avoids the inconsistency of the objectives of the analytic hierarchy process judgment matrix of the (Meltzer, 2014). Therefore, this paper adopts the group decision feature root method (GEM) to solve this problem. Group Decision Eigenroot Method (GEM) is a new feature root method for expert group decision-making system (G) to judge and make decisions on multiple evaluation targets. Using GEM only requires experts to score each index, before transposing the score matrix into matrix F. In elaborating the shortcomings of the expert weighting method, the group decision feature root method can compensate for these shortcomings. In group decision-making, the most commonly used method is the comprehensive weighting method. The weight selected by this method has many shortcomings, however. These include complex operation, overly strong subjectivity, and insensitivity to results. The group decision eigenvalue method does a good job of solving these shortcomings. By using an ideal expert, that the issue of the expert‘s evaluation result of the evaluation object being untrue because of too strong subjectivity or insensitivity to the result is overcome (Quan, 2017). Compared with AHP, not only can GEM overcome the inconsistency of the judgment matrix, but it also needs no consideration of the weight of experts. Thus, the object of evaluation can be properly evaluated using a simple calculation. (Xiao et al, 2009).
3.1 Theoretical model of group eigenvalue method
3.1.1 Ideal expert definition
The definition of ideal expert S*: The expert with the smallest angle between the score vector and the score vector of each expert in the group is called the ideal expert of the group. Ideal expert scoring vector X* is the vector satisfying the maximum value of the function [image: image], [image: image], with no loss of generality, and can be set [image: image] (Jiang, 2007; Wang and Yin, 2013; Tan, 2015; Wang, 2017). That is, [image: image]
Finding the ideal expert S * is the first step in this method. In the decision-making system G (S1, S2, …, Sm), m experts and n evaluated objects are selected, that is (A1,A2,…,An). The score of the i’th expert Si to the j’th evaluated target Aj is recorded as x.[image: image] The higher the score, the more important the evaluated object Aj is, and the better the goal is. M experts evaluate n evaluation objects to form an n-dimensional column vector xi; the score of the expert group G constitutes an m × n scoring matrix x (Qiu, 1997).
[image: image]
[image: image]
The decision-making level of scoring experts is affected by many factors, such as personal professional aspects and personal emotions. Professional influence includes knowledge, experience, and personal comprehensive ability. Aspects of personal emotions include personal preferences, physical status, mental status, and emotions at the time. Based on the above factors, there is no ideal expert decision in reality (Wang and Tan, 1999). However, in the study, we assume that the ideal expert exists and is S*, and thus score each index. The result is the result of the expert‘s score on the index, which is the estimated value of the evaluated object. The score vector of the ideal expert is x*=(x1*,x2*,…xn*)T∈En, The ideal expert has the smallest angle between the scoring vector of the evaluated object and the scoring vector of other experts. When making group decisions, people habitually find more authoritative experts to participate each time, so they think that ' ideal experts ' are experts with high consistency with the expert group‘s understanding of the evaluated object. The conclusion of the ideal expert on the evaluated object is completely consistent with the conclusion of the other experts of the expert group on the evaluated object, and the difference between the expert conclusions is the smallest. Following the above definition, x* is an n-ary column vector. It is obtained by formula [image: image] And without loss of generality it can be set as [image: image]. That is:
[image: image]
Where x* is the total score of the decision system G for the selected index.
Index solving theorem.
Theorem 1. [image: image].In the formula, [image: image] is the largest eigenvalue of the matrix; x* is the positive eigenvector of [image: image] corresponding to [image: image], and ‖x^ * ‖ = 1.
Theorem 2. Suppose A is an m×n matrix and B is an n×m matrix. Then AB and BA have the same (including multiplicity) non-zero eigenvalues.
Theorem 3. [image: image] is the eigenvector corresponding to the maximum eigenvalue of [image: image], and [image: image], then [image: image], that is, [image: image] is the weight vector corresponding to m experts.This method only needs all the experts involved in the decision-making to directly score the green innovation risk indicators of each evaluated manufacturing industry, and the scoring matrix obtained is then transposed and multiplied by matrix F. Therefore, the optimal decision conclusion is the eigenvector corresponding to the maximum eigenvalue of F. The scoring result of the ideal expert to the evaluated object obtained by the group decision characteristic root is the ranking of multiple evaluated objects.
3.1.2 Treatment of single and multiple roots
When the maximum eigenvalue of the judgment matrix is a single root, the eigenvector corresponding to the maximum eigenvalue is the optimal solution. If the maximum characteristic root of the judgment matrix is a multiple root, it is necessary to find the two maximum characteristic roots at the same time, calculate the corresponding feature vector and determine the corresponding manufacturing green innovation risk index, and then rank the two risk indicators. Other risk indicators are based on the feature vector of the manufacturing green innovation risk index corresponding to the second largest characteristic root or deleting the ranking score in the existing judgment matrix. The above steps should be repeated until the single root of the largest characteristic root is found.
3.2 Index identification
Under the guidance of the principle of index selection, GEM is used to screen the importance of manufacturing green innovation risk measurement indicators under the global value chain. The index portion combines the overall risk of manufacturing green innovation and invites 15 experts to form an expert group. The 15 experts come from universities, government low-carbon management functional departments and Chinese manufacturing enterprise management departments, green product R&D departments, green manufacturing departments, green marketing departments, and green service departments. Qualitative evaluation is made by scoring the questionnaire (see Appendix A questionnaire). The design of the questionnaire is based on the Likert five-point scale, and the importance of the green innovation risk measurement index is divided into five levels. From 1 to 5, they represent “very unimportant,” “unimportant,” “important,” “very important,” and “most important” (see Table 2).
TABLE 2 | Expert opinion rating scale.
[image: Table 2]The scores of experts on green innovation risk indicators are obtained after collecting the questionnaires. The expert scores of green innovation risk indicators after statistics are shown in Table 3.
TABLE 3 | Green innovation risk index expert scoring table.
[image: Table 3]The expert scoring results of the above green innovation risk indicators are then processed as follows:
[image: image]
Using MATLAB software to calculate the maximum eigenvalue, the results show that the maximum eigenvalue is a single root. The eigenvalue of maximum [image: image] = 5848.9, the unstandardized and standardized results of the corresponding feature vector [image: image] are shown in Table 4:
TABLE 4 | Feature vectors are standardized and unstandardized results.
[image: Table 4]On the basis of summarizing previous studies, this study selected 0.027 as the standard value of index screening, that is, the index with the feature vector less than 0.027 after eliminating the standardized results, and the index with the feature vector greater than 0.027 after retaining the standardized results. According to the results in Table 4, the standardized results of the six risk factors of C17, C24, C28, C31, C39, and C310 are respectively 0.0269439, 0.0242547, 0.0260108, 0.0203634, 0.0226152, and 0.025095. All are less than the standard value of 0.027 for index screening so these indicators are removed. The values of the standardized results of the remaining indicators are greater than the standard value of 0.027, so these indicators are retained. After the above screening indicators, the retained indicators are C11, C12, C13, C14, C15, C16, C21, C22, C23, C25, C26, C27, C32, C33, C34, C35, C36, C37, C38, C41, C42, C43, C44, and C45.
These relate to the proportion of global green R&D personnel investment in the manufacturing industry, the proportion of global green R&D investment in the manufacturing industry, the stability of global green R&D in the manufacturing industry, the ease of international transfer of green technology in the manufacturing industry, the international protection of green technology patents in the manufacturing industry, the proportion of global green manufacturing personnel investment in the manufacturing industry, the proportion of global green manufacturing personnel investment in the manufacturing industry, the proportion of global green manufacturing capital investment in the manufacturing industry, the production scale of global green manufacturing products in the manufacturing industry, the quality and performance level of global green manufacturing products in the manufacturing industry, the global outsourcing scale of green products in the manufacturing industry, the technological transformation degree of global green manufacturing in the manufacturing industry, the increase of global green manufacturing costs in the manufacturing industry, the proportion of global green marketing personnel investment in the manufacturing industry, the proportion of global green marketing capital investment in the manufacturing industry, and the international demand level of green products.
3.3 Analysis of key indicators
3.3.1 Global green R&D risk
Global green innovation R&D risk refers to the various risks that may occur during the green innovation research and development stage on a global scale. At this stage, these risks can include personnel-related risks, financial, technical, and policy risks (Wang and Wang, 2020). As a highly professional activity, the R&D process of green innovation requires personnel with extensive knowledge and experience, as well as sufficient funding to support the innovation process. Insufficient R&D personnel and capital investment can have a negative impact on the success rate of green innovation. Furthermore, R&D risk stems from the immaturity of green innovation technology. The uncertainty and substitutability of the innovation R&D life cycle will lead to irreparable loss of innovation benefits (Hou et al, 2019). The international transfer of green innovation introduces uncertainties that can hinder the progress of green innovation. The uncertainty arises from factors such as differences in technological capabilities, regulatory frameworks, and market conditions between countries. Additionally, the effectiveness of international intellectual property rights’ protection plays a pivotal role. If intellectual property rights are not adequately protected, innovations can be easily imitated by competitors, jeopardizing the benefits derived from the innovation and thereby increasing the risk associated with green innovation.
3.3.2 Global green manufacturing risk
Global green innovation manufacturing risk primarily refers to the potential failure of innovation caused by uncertainties and changes within the system during the manufacturing process (Deng, 2017). To achieve mass production of green products, it is crucial to have an adequate number of skilled manufacturing personnel and sufficient funding (Lu, 2015). Green innovation in the manufacturing industry introduces new requirements for processes, equipment, and raw materials. Global outsourcing is an effective approach to address challenges such as limited production capabilities and low value added in the manufacturing sector. However, changes in the scale of global outsourcing can also introduce risks. Additionally, the competition for orders among enterprises in the international market can be influenced by the scale of subcontracting. At the same time, the government or international organization’s production constraints on companies will increase the cost burden in the production process.
3.3.3 Global green marketing risk
In the global green innovation marketing stage, if there is no sufficient guarantee of marketing personnel and funds, the risk of the entire marketing activity will increase. Uncertainty in the international market also has a greater impact at this stage. If the international market changes the demand for manufacturing green products (processes, services), the degree of recognition is not high, the international market share of manufacturing green products (processes, services) is too small, the international market competition is fierce, and it is difficult to use existing international marketing channels (Dong et al, 2023b). Therefore, a high degree of possession of existing marketing channels is an important way to achieve success in new product marketing. In addition, the globalization of the green supply chain in manufacturing and the presence of green technical barriers to trade in developed countries also influence green marketing activities. (Mao and Huo, 2002).
3.3.4 Global green service risks
Human capital and capital investment are essential resources for service activities in manufacturing enterprises, and they have a direct impact on the efficiency and effectiveness of innovative product services (Xiao et al, 2014). The coverage of a service network is a critical factor in balancing the service capabilities of the manufacturing industry. Establishing a comprehensive service network can enhance service efficiency, reduce service costs, and support the successful promotion of product innovation activities (Jie and Zhu, 2021). Simultaneously, the adoption of “green supply chain management” by large multinational enterprises can pose challenges for Chinese enterprises and become a new threshold for their development. After-sales technical service, also known as “after-sales technical support,” plays a crucial role in enhancing customer satisfaction and loyalty. It involves providing assistance, guidance, and troubleshooting for customers using the manufactured products. Overall, the availability of skilled human resources, sufficient capital investment, a well-established service network, and effective after-sales technical service are all significant factors in ensuring the success of innovative product services in the manufacturing sector. involves installations and configuarations, use of instructions, and troubleshooting for products (processes, services) sold, as well as serving as a platform for information queries and customer information acquisition, consulting and technical training (Jiang, 2013). Helping to win high customer satisfaction plays a huge role in improving the market share of products (processes, services).
4 SCREENING RESULTS OF GREEN INNOVATION INDICATORS UNDER THE GLOBAL VALUE CHAIN
On the basis of referring to the existing relevant research at home and abroad, considering the particularity of the green innovation process in the manufacturing industry, following the scientific, effective, comparable, and operable principles of index selection, through the previous global value chain manufacturing green innovation risk identification, risk factor analysis, and 15 experts ' scoring of risk factor indicators, the group decision eigenvalue method is used to screen out the indicators with a score lower than 0.027. A total of 25 risk factors that have a significant impact on green innovation activities of the global value chain manufacturing industry and that can lead to risk consequences were identified. The risk indicators after screening are shown in Table 5.
TABLE 5 | Global value chain green innovation risk indicators.
[image: Table 5]4.1 Green R&D risk measurement index under the global value chain
The risk measurement index of green R&D under the global value chain encompasses six key risk factors. The first is proportion of global green R&D personnel investment. This factor refers to the allocation of human resources towards green research and development activities on a global scale. The higher the proportion of investment in skilled personnel focused on green R&D initiatives, the lower the associated risks. The second, proportion of global green R&D capital investment, pertains to the allocation of financial resources towards global green R&D efforts. A higher proportion of capital investment in green R&D indicates a lower level of risk. Stability of global green R&D in the manufacturing industry, the third factor, evaluates the stability and consistency of green R&D efforts within the manufacturing industry on a global scale. A stable and consistent approach to green R&D lowers the associated risks. Fourth is ease of international transfer of green technology, which considers the ease with which green technology can be transferred internationally. Effortless international transfer of green technology reduces the risks involved in green R&D activities. Next, international protection of green technology patents focuses on the level of international protection available for green technology patents. Strong protection measures minimize the risks associated with intellectual property theft and infringement. These risk factors collectively contribute to measuring the potential risks involved in green R&D activities under the global value chain. By assessing and managing these risks effectively, companies can enhance their green innovation capabilities and navigate the challenges associated with global green R&D initiatives.
4.2 Green manufacturing risk measurement index under global value chain
The risk measurement index of green manufacturing under the global value chain includes seven risk factors: the proportion of global green manufacturing personnel input, the proportion of global green manufacturing capital investment, the scale of global green manufacturing products, the quality and performance level of global green manufacturing products, the scale of global outsourcing of green products, the degree of technological transformation of global green manufacturing in manufacturing industry, and the increase in global green manufacturing costs.
4.3 Green marketing risk measurement index under global value chain
The green marketing risk measurement index under the global value chain comprises seven significant risk factors. Proportion of global green marketing personnel investment refers to the allocation of human resources dedicated to green marketing activities on a global scale. A higher proportion of investment in skilled personnel for green marketing signifies a lower level of risk. The second factor, proportion of global green marketing capital investment, pertains to the allocation of financial resources towards global green marketing efforts. A higher proportion of capital investment in green marketing indicates a lower level of risk. Third, international demand level of green products, assesses the level of demand for green products in international markets. Higher demand for green products signifies lower marketing risks associated with their promotion and acceptance. The fourth factor, international market competition intensity of green products, evaluates the level of competition in international markets specifically for green products. Higher competition intensity may indicate higher marketing risks due to the need to differentiate and stand out in the market. The next factor, degree of green products’ integration into existing international marketing channels, considers the extent to which green products can be integrated into existing international marketing channels. Greater integration implies lower marketing risks, as established channels can facilitate product distribution and customer reach. The sixth factor, level of green technology commercialization and internationalization, focuses on the extent to which green technologies can be successfully commercialized and internationalized. Higher levels of commercialization and internationalization reduce marketing risks associated with new technology adoption and market penetration. Finally, intensity of green technical trade barriers in the international community assesses the presence and intensity of trade barriers specific to green products and technologies in the global market. Higher barriers pose greater marketing risks, such as restricted market access or added compliance requirements. By considering and managing these risk factors effectively, companies can better evaluate the risks associated with green marketing activities in the global value chain. This enables them to develop appropriate strategies to overcome challenges and leverage opportunities in promoting green products internationally.
4.4 Green service risk measurement index under global value chain
The green service risk measurement index under the global value chain consists of five key risk factors. The first risk factor is proportion of global green service personnel investment and refers to the allocation of human resources towards green service activities on a global scale. A higher proportion of investment in skilled personnel dedicated to green services indicates a lower level of risk. The second factor, proportion of global green service capital investment, pertains to the allocation of financial resources towards global green service initiatives. A higher proportion of capital investment in green services suggests a lower level of risk. Next, coverage of global green service outlets assesses the geographic coverage and distribution of green service outlets worldwide. A wider coverage of outlets decreases the risk associated with fulfilling customer demands and providing timely services. The fourth factor, globalization level of the global green product supply chain, evaluates the extent to which the global green product supply chain is integrated and interconnected internationally. A higher level of globalization reduces risks related to supply chain disruptions, ensuring smooth delivery of green services. The final factor, global after-sales technical service capability of green products, focuses on the ability to provide after-sales technical services for green products on a global scale. A strong global after-sales technical service capability minimizes risks associated with product malfunctioning, customer dissatisfaction, and warranty claims. Stability of global green technology application in the manufacturing industry. These risk factors collectively form the basis of assessing the potential risks involved in green service activities under the global value chain. By understanding and managing these risks effectively, companies can enhance their green service capabilities, ensure customer satisfaction, and establish a strong presence in the global market.
5 CONCLUSION
Due to the particularity of green innovation, the problem of innovation risk is particularly important (Wang and Liu, 2020). The design of risk indicators and the identification of important indicators needs to be more rigorous. The use of group decision characteristic root method can solve the problem of screening multiple indicators and improve the scientific methodology, independence, and effectiveness of risk indicators. The results show that the selected indicators meet the research requirements and provide a scientific basis for the measurement and evaluation of green innovation risk under the global value chain. Four major findings emerged. First, the risk measurement index of green R&D under the global value chain was found to include six risk factors: the proportion of global green R&D personnel investment, the proportion of global green R&D capital investment, the stability of global green R&D in manufacturing industry, the ease of international transfer of green technology, and the international protection of green technology patents. Second, the green manufacturing risk measurement index under the global value chain was found to include seven risk factors: the proportion of global green manufacturing personnel investment, the proportion of global green manufacturing capital investment, the global green manufacturing product production scale, the global green manufacturing product quality performance level, the global outsourcing scale of green products, the global green manufacturing technology transformation degree of the manufacturing industry, and the global green manufacturing cost increase. Third, the green marketing risk measurement index under the global value chain was found to include seven risk factors: the proportion of global green marketing personnel investment, the proportion of global green marketing capital investment, the international demand level for green products, the international market competition intensity of green products, the degree of green products occupying the existing international marketing channels, the level of green technology commercialization and internationalization, and the intensity of green technical barriers to trade in the international community. Finally, the green service risk measurement index under the global value chain was found to include six risk factors: the proportion of global green service personnel investment, stability of global green technology application in the manufacturing industry, the proportion of global green service capital investment, the coverage of the global green service network, the globalization level of global green product supply chain, and the global after-sales technical service capability of green products.
This research has important theoretical value and practical significance. In the early stage, the grounded theory research method was used to identify the green innovation risk of manufacturing enterprises and screened out the extension of the risk influencing factors, as well as risk measurement indicators that could accurately, objectively, and truly reflect the actual situation of green innovation risk in the manufacturing industry under the global value chain, with as few indicators as possible. This research, which contains the most comprehensive content to date, provides a theoretical basis for the next step in green innovation risk measurement modeling in the manufacturing industry under the global value chain. The limitation of this study is that there is no empirical study of specific manufacturing enterprises, so the author’s next research content is to conduct empirical analysis of specific manufacturing enterprises to test the applicability of risk indicators.
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