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This study aims to analyze the factor affecting the urban industry development in Guangzhou. Based on push-pull-mooring theory, we explain the reasons for choosing the above indicators and use order parameters to analyze their impact on the urban industrial development. The results show that: (1) Environment has an obvious promoting effect on the urban industrial development. This shows that the current environment and the urban industrial development have reached a balance. (2) Technology has a positive impact on the urban industrial development, but it needs to go through the technology running in period smoothly. (3) Different from other factors, finance has a crowding out effect on industrial development. However, the development of finance will promote the rapid development of industry in Guangzhou. (4) The impact of finance, technology and green on UID is applicable to different development stages of UID, that is, these variables are related. Lastly, we provided development suggestions for Guangzhou. This will lay a foundation for promoting its industry.
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1. Introduction

The development potential of the industry is huge (Dou et al., 2021a), and its productivity growth is relatively high, which can drive the development of other industries (Haraguchi et al., 2017). Especially, it is the fundamental support for economic development (Szirmai and Verspagen, 2015). Through its advantages, this industry can have a spillover effect on the country's overall economy (Jia et al., 2020) and drive the common development of other industries. The improvement of manufacturing competitiveness is an inevitable stage of national economic development in the advanced stage. However, Guangzhou's (GZ) industry is facing the double squeeze of “high-end press” in developed countries and “medium and low-end diversion” in developing countries. Based on this, it is important to study the urban industry development (UID) in GZ. It can not only effectively find the disadvantages in the industry, but also promote economic development (Dou et al., 2021b).

At present, it is particularly important for developing countries to achieve urban industrial transformation. It is an inevitable choice for the sustainable development of urban industry to shift from the traditional single economic factor driven development to the innovation driven and green driven development. Therefore, UID should focus on economic growth, industrial technological innovation (Li and Liu, 2022), and environmental pollution in the development process (Hu et al., 2019). The UID mainly focuses on three levels, namely environment, technology, and finance.

(1) The bottom line of industrialization development cannot be ignored is the environmental problem. It is the road to its sustainable development. The traditional industrial development mode has caused serious pollution to the surrounding environment, which has reduced its carrying and repair capacity with each passing year. Environmental problems have become an important reason to inhibit UID (Pei and Lu, 2019). As the environment and resources cause great damage and consumption, all countries begin to attach importance to ecological environment protection at the same time of UID, that is, they cannot damage the ecological environment by improving economic benefits. Yuan et al. (2019) believed that developing countries should learn from the experience of developed countries. By learning from their experiences and lessons, developing countries can make rational use of energy and take the path of sustainable development. It can avoid waste of resources in the production process. At the same time, failure to control pollution will also affect industrial development. For example, Cheng (2016) found that environmental pollution would inhibit the agglomeration of manufacturing industry. Therefore, various scholars began to pay attention to the impact of environment on industry. Wang et al. (2018) found that environmental regulation can promote industrial agglomeration, thereby promoting industrial economic efficiency. Zhai and An (2020) believed that the government should consider issuing appropriate environmental policies to promote the green industry, to achieve economic growth.

(2) Intelligent development is one of the main directions for UID. As a driving force for a new round of industrial reform, Intelligent technology has become a driving force for manufacturing (Dou et al., 2021c). It can promote the development of traditional industries (Dogan and Birant, 2021), such as the ecological marketing (Kuzior and Lobanova, 2020) and the data driven (Tao and Qi, 2018), which has greatly promoted UID. In a sense, the development of intelligent technology in the future will bring changes to the traditional industry. For example, Liu et al. (2020) discussed the impact of intelligent technology on manufacturing. The faster the development of intelligent technology, the better the development of manufacturing industry. Novotná et al. (2020) found that technology investment has an impact on the production efficiency of industry enterprises, both low-tech enterprises and high-tech enterprises. He et al. (2022) found that digital technology can promote the sustainable development of marine equipment manufacturing industry. Shao and Wu (2022) believed that intelligent development has a significant role in promoting industrial economy. Industry can achieve development through R&D technology investment and technology diffusion. Therefore, technology can empower industry, adjust and optimize industrial structure, so as to realize UID.

(3) The UID is inseparable from financial development. Industrial transformation needs a lot of financial support, especially financial financing support. However, industry often cannot get timely financing support, and most of them can only rely on internal financing and their own funds to ensure the continuous production and operation. The above views have been demonstrated by scholars. Zhong (2017) found that finance, as an important part of the economy, has gradually become the source of economic growth and industrial upgrading. Wang (2022) found that China's equipment manufacturing enterprises are facing serious financing constraints, which affects the development of enterprises. Kong et al. (2021) analyzed the current situation of China's manufacturing global value chain from the perspective of financing constraints. The results show that financial constraints may hinder the impact of import technology complexity on the upgrading of manufacturing value chain status. Therefore, the premise of promoting UID is to improve financing efficiency. In this context, the development of digital finance can give full play to the role of financial support to UID. Shen et al. (2022) believed that digital finance can effectively improve the efficiency of financial services and broaden the coverage, and is an important tool to promote finance to better serve the industry.

The mainstream theories of industrial development are as follows. Pest theory (Lu et al., 2018; Da Silva et al., 2021) is based on the analysis of external environment of the research object, such as political, economic, social and technological factors. This theory analyzes the influencing factors of the research object from the macro perspective. By evaluating the research object as a whole, the enterprise formulates relevant development strategies. SWOT theory (Pournabi et al., 2021; Almutairi et al., 2022) is based on the analysis of various aspects of the research object, such as strengths, weaknesses, opportunities and threats. This theory lists the factors closely related to the research object through investigation. According to the idea of system analysis, these factors are matched and analyzed, and the corresponding enlightenment is obtained. Diamond theory (Shi et al., 2021; Constantin et al., 2022) is based on the internal and external factors affecting the research object, such as factor conditions, demand conditions, related industries, and industrial strategy. This theory demonstrates the conditions for a certain industry in a region to form strong competitiveness. It believes that whether an industry has competitiveness depends on macro elements. These elements are interrelated and affect each other. However, most of the existing theories focus on finding the factors of industrial development, while ignoring the dynamics of industrial development and its influencing factors. Therefore, we use the push-pull-mooring (PPM) theory to explore the UID and its affecting factor, that is, environmental pollution finance and technology. Also, we use the new structural economics (NSE) theory to further discuss the impact of different factors on the development stage of UID.

To address this knowledge gap, this paper holds that the UID is a complex system. Based on PPM and NSE theory, we describe the impact principle factor on the UID. Meanwhile, to deeply understand the factor affecting the UID, we use the order parameter method as the research method. (1) Study UID dynamic process from a multi-dimensional perspective, rather than separating the influencing factors. Although the empirical results can also prove that environment, technology and finance have an impact on UID, it cannot capture the evolution track characteristics of the UID dynamic process and reflect the impact trend of different factors from a systematic perspective. (2) On this basis, supplement and improve the development characteristics of UID at different stages. That is, consider the decisive factors of UID and the influence over time. The impact of finance, technology and environment on UID has a progressive relationship with different development stages. (3) In particular, we study UID in the context of cities. The theories and methods used are applicable to all prefecture-level cities in China and foreign cities of the same level, providing a research basis for the further study of UID.

The rest of the paper is arranged as follows: Section 2 summarizes the literature review. Section 3 puts forward the methodology, including variable selection and method. The experiment and analysis are presented in the next section. Then the theoretical and practical implications are discussed. Lastly, we present the conclusion.



2. Literature review


2.1. Influencing factors of industry

The development of industry is a research hotspot, which has attracted considerable attention. With the manufacturing development, it is inevitable to face three major problems: environmental pollution, technology and finance. Therefore, we mainly summarize the influencing factors based on the following.

(1) Environment plays an important role in the UID. In the early stage, China's industry excessively relied on the extensive development mode of “high consumption, high emission, and high pollution.” It not only brought prosperity to the industrial economy, but also paid a huge price for ecological deterioration and environmental pollution. The frequent occurrence of environmental pollution events is an important factor restricting the UID. In terms of environmental pollution, scholars have made the following research contributions. Wang et al. (2018) found that environmental regulation can stimulate the manufacturing industry to obtain a more agglomeration economy. The government should strengthen environmental supervision to improve the economic effect of manufacturing agglomeration. Cheng (2016) studied the interaction between environmental pollution and manufacturing agglomeration. They found environmental pollution inhibits agglomeration. Yuan et al. (2017) found the manufacturing economy and environment depend on a reasonable level of environmental regulation. Lena et al. (2022) studied the impact of environmental regulation on manufacturing productivity growth based on 13 Italian manufacturing industries. The result showed that environmental regulation has no negative effect in most of industries. Afzal and Hanif (2022) believed that environmental pollution and natural resource consumption made manufacturing enterprises have to undergo significant changes. The results show that green supply chain management has a significant impact on the performance of manufacturing enterprises.

(2) Technology plays an important role in the UID. It not only subverts the traditional manufacturing model, production organization mode and industrial form, but also promotes the improvement of industrial efficiency, accelerates the transformation of traditional industries. In terms of technology, scholars have made the following research contributions. Nimawat and Gidwani (2021) used analytic hierarchy process and network analysis to explore the priority of adopting industry 4.0 in the Indian industry. Dalenogare et al. (2018) studied the potential impact of “industry 4.0” related technology on industrial performance. It is found that industrial 4.0 technologies are considered to have the prospect of industrial performance. Dos Santos et al. (2020) studied collaborative technologies closely related to industrial performance, which will help managers pay better attention to the “industry 4.0” technology. Bravi and Murmura (2021) analyzed the impact of “Industry 4.0” on Italian manufacturing companies to understand the motivation for implementing it. The results show that the benefits of “Industry 4.0” to the industry outweigh the related costs, that is, the advantages outweigh the disadvantages. Jimeno-Morenilla et al. (2021) believed that “Industry 4.0” could completely change the production planning and process of traditional manufacturing, thus promoting the scientific and technological progress of traditional industries. In addition, the impact of technology on industry can also be reflected in labor demand. Xie et al. (2021) found that technological innovation reduced the relative demand for low skilled labor in all regions of China. With the increase of industrial technology intensity, the relative demand for highly skilled labor force is also growing.

(3) Finance plays an important role in the UID. With the continuous development and improvement of the financial system, financial services can effectively alleviate and solve the problems of information asymmetry and transaction costs. This can stimulate capital accumulation and scientific and technological innovation, and promote industrial structure optimization and economic development. Specifically, by reducing the access threshold of financial services and promoting the free development of the capital market, it can effectively improve the efficiency of economic operation and growth vitality. Han and Fu (2020) found that finance has a positive regulatory effect on manufacturing innovation performance. However, Liu et al. (2021) study found that the financial structure can promote the scale of the real economy, but the impact on the structure is not obvious. Therefore, it is necessary to further study the impact of finance on the industry. Chen and Zhang (2021) found that digital finance can promote the service-oriented manufacturing industry by increasing the intensity of innovation and improving the level of digitalization. Xu and Pal (2022) studied the impact of Indian finance on its industrial productivity. The results show that financial policy can significantly improve the productivity of industry.

In summary, these reviews fully illustrate the importance of environment, technology and finance to the UID.



2.2. Related theory

By reviewing the existing literature, these theories can provide a basis for this study. In terms of PEST theory, Alava et al. (2018) took PEST as a prerequisite and applied it to a case study of the food industry. Barbara et al. (2017) conducted risk analysis on the European insurance industry through this theory. Chen (2018) used PEST theory to deeply analyze China's orchid cultural industry, further improving the development strategy of the industry. Du (2016) systematically analyzes the development environment of China's auto parts industry through PEST theory, aiming to provide some suggestions for relevant enterprises. Khatami et al. (2022) studied the impact of globalization convergence on food industry based on pest theory. The results show that society and technology can make significant contributions to the food industry, while the global economy and politics are negatively related to the food industry. In terms of SWOT theory, Zhao et al. (2019) combined PEST and SWOT to explore China's e-commerce industry. Al-Refaie et al. (2016) used SWOT to determine the factors affecting the success of cosmetics companies and choose feasible strategies accordingly. Wang et al. (2017) used SWOT to analyze the factors affecting the new energy vehicle industry, and formulated strategic measures to obtain an international competitive advantage. Beraud et al. (2022) proposed the development strategy of China's manufacturing industry transformation using SWOT analysis to achieve a sustainable environment consistent with carbon neutral policies. In terms of Diamond theory, Liu et al. (2016) studied the Chinese automobile industry under the guidance of Diamond theory and put forward reasonable development suggestions. Dou et al. (2021b) based on Diamond theory, studied the main factors that affect the development level of international competitiveness of manufacturing industry in G20 countries. The results show that intellectual property only has a positive and significant effect on manufacturing in developed countries. Wu and Young-myung (2022) analyzed the international competitiveness of China's environment friendly automobile industry based on the diamond theory.

The existing literature provides rich theoretical value and reference significance for the study of UID. However, the existing theories focus on the factors affecting UID and provide strategic suggestions based on the analysis of different factors. It often ignores the dynamics of UID and its development characteristics at different stages. To address this knowledge gap, the PPM theory and NSE theory are used as the framework to study UID.

(1) Firstly, by referring to the concept of population migration in PPM theory, we dynamically analyze the impact of mooing factor, push factor and pull factor on UID. This will help us understand the development trend and law of UID, to lay a foundation for improving the level of it. The two concepts of “push” and “pull” in PPM theory originated in 1885 and were put forward by the British scholar Ravenstein. They belong to the field of population migration. At first, it explained the laws related to population migration. The pull factor is a positive factor for population migration, which mainly refers to the positive factors that promote the migration of a population from its original residence to a new destination. The push factor, contrary to the pull factor, is a negative factor in population migration, which mainly refers to the negative reason for the forced departure of the population from their original place of residence. The concept of “mooring” is used to describe the role of individual factors in migration decision-making. It is the key factor affecting migration. Although PPM theory originated from sociology to study population migration (Jung and Han, 2017), the theoretical framework has also been widely used in other disciplines. For example, Ghufran et al. (2022) relies on the PPM theoretical framework to test consumers' conversion intention from traditional food to organic food. Hussain et al. (2022) reveals the antecedents of customers' switching intentions in the electricity market through the PPM theoretical framework. These studies analyze variable factors through the PPM framework, to determine the influence factors on the research subject. This reflects the strong theoretical support characteristics of the PPM.

(2) Secondly, by referring to the concept of NSE theory, we divide the factors affecting UID according to development stages. The NSE theory is based on the principle of mutual transformation of time, level and traditional three-dimensional space to study the law of economic development, predict the trend of economic development, carry out economic spatial layout, adjust industrial spatial structure, achieve economic scale benefits, and achieve sustainable economic development. It is the intermediate link in the transformation from structural economics to development economics. The NSE theory makes development economics a science. Specifically, the theory takes the factor endowment and its structure of the economy at each time point and over time as the starting point. Based on this, it can study the determinants and impact stages of this economy and its changes. This theoretical framework has also been widely used in other disciplines. For example, based on the perspective of NSE theory, Lin (2021a) reviews the various stages of China's State-owned enterprise reform, summarizes the main characteristics of different stages, and puts forward suggestions for deepening State-owned enterprise reform. Lin (2021b) also believes that this framework adopts the neoclassical approach to study the determinants of economic structure and its evolution in a country's economic development. Xu and Deng (2022) uses the NSE theory to analyze the reasons for the growth of urban green total factor productivity and verify the theoretical inference. These studies are based on the NSE framework to identify the main influencing factors of each stage on the research object. This reflects the strong theoretical support characteristics of the NSE.

In view of this, this paper firstly attempts to use PPM theory and NSE theory to jointly analyze UID and its development stages.



2.3. Order parameter method

Considering the interaction between UID and its influencing factors, it is transformed from the traditional linear relationship into a dynamic feedback loop process. The order parameter method can effectively capture the characteristics of the evolution track of the dynamic process and reveal its internal evolution process. Therefore, the order parameter method is suitable for this study. The research method is also widely used. Li and Hu (2020) established the order parameter equation of big data industrial system. This method not only effectively reveals the evolution mechanism of big data industry, but also provides theoretical reference for analyzing the development and change laws of big data industry in China. Yang et al. (2021) used the order parameter method to analyze the development trend of manufacturing industry in Guangdong Hong Kong Macao Greater Bay Area. The results show that with the continuous development of manufacturing industry, its environmental pollution will limit its development. Su et al. (2021) used the order parameter method to study the evolution law of regional knowledge innovation system. Xiong and Fan (2022) used the order parameter method to explore the collaborative evolution process of China's financial technology and green manufacturing industry. The results show that there is a synergistic effect between them. Jin et al. (2022) used the order parameter method to investigate the characteristics of group structure and enterprise behavior in the industry, to provide assistance for enterprise strategic management in the modern industrial development environment. The existing research on order parameter proves that the order parameter method can effectively capture the dynamic relationship between variables. Among them, determining the order parameter generally gives a few important variables, from which the order parameter can be determined by using the Haken model. Since the determination of the order parameter equation of the binary Hacken model has been discussed clearly and perfectly in synergetics, this method is easy to find the order parameter (Wu et al., 2016). The above research provides guidance for this paper to use the order parameter model to study the influencing factor of UID.




3. Methodology


3.1. Variable selection

The PPM theory has strong theoretical support characteristics. To determine the influence behavior of various factors on the research object, the variable factors can be analyzed by PPM theory. In essence, it explains the process of a research subject from a bad environment to a better and more sustainable environment. This is very consistent with the high-quality development of the urban industry in the study area, and can objectively and scientifically reflect the dynamics of industrial transformation and upgrading (Dou et al., 2021d). Through the application of PPM theory, the UID can be better promoted. The PPM framework of the UID is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 The PPM framework of the UID.


The level of industrialization can well reflect UID. Zheng et al. (2020) used the proportion of industrial added value in GDP to reflect the level of local industrialization. Therefore, we take it as the indicator basis to reflect the UID.

Push refers to the development of research subjects from a bad environment to a good place due to adverse factors. The serious industrial pollution led to severe challenges to environmental carrying capacity. When pollution is serious, it will restrict the development of the local industry. Namely, the push factor is the environment. The PM2.5 average concentration can effectively reflect the local environmental pollution level (Li et al., 2020). Regional air pollution dominated by PM2.5 has become the most urgent and prominent environment problem in China (Zhu et al., 2019; Zhang et al., 2020). The PM2.5 as the main pollutant accounts for 60% of the total pollution days (Song et al., 2019). The extensive development of a large number of traditional industries has caused industrial pollution, high load, serious water pollution in the basin, and severe challenges to the environmental carrying capacity. Under environmental regulation, the problem of environmental development has restricted UID. By managing the environment, it can become a rigid constraint and a driving force to reverse UID. Therefore, we take it as an indicator of environment variables.

The mooring factor is the key factor affecting the UID. Only when the development level of technology in a region is continuously improved can the development advantages of the industry in that region be effectively guaranteed. That is, technology can promote the production efficiency of the manufacturing industry, which is an important support to promote the UID. Namely, the mooring factor is technology. Bravo-ortega and Marin (2011) used the proportion of internal research and development (R&D) investment in the total value of the industry to reflect the level of local R&D intensity, i.e., technical level. R&D intensity is one of the main ways to improve technological innovation (Han et al., 2014). The improvement of technological innovation ability depends to a large extent on the continuous growth of R&D investment intensity. By continuously improving the intensity of R&D investment, industry can continuously gather human and material resources to provide more appropriate R&D conditions for technological innovation. In addition, Choi and Lee (2020) found that R&D investment will help to adjust the industrial structure and maintain the advantage of economic growth. Therefore, we take it as an indicator of technology.

Pull refers to the positive factors that lead the research subject to the destination, that is, a good place. A good financial development environment will bring economic agglomeration, thus having a positive effect on the UID. Namely, the pull factor is finance. An inclusive finance index can effectively reflect financial development (Guo et al., 2020). Campbell and Asaleye (2016) believed that the development of manufacturing industry cannot be separated from financial support. As a financial infrastructure, digital finance also provides a basis for industrial transformation. Digital finance realizes the deep coupling between the Internet and financial functions, which can reduce the cost of financial services, and expand the effective boundary of financial services. Based on this, it improves the ability of financial services to affect the real economy in a wider range. With the help of digital finance, UID can achieve its goals better. Therefore, we take it as an indicator of finance.

In short, the indicators are summarized in Table 1.


TABLE 1 Variable description.

[image: Table 1]



3.2. Research method

Given the interaction between the development of the urban industry and its influencing factors, it belongs to a dynamic feedback cycle process. The order parameter method effectively captures the evolution track characteristics of the dynamic process and reveals its internal evolution process. It mainly includes three steps:

(1) Mathematize the problem. That is to establish mathematical expressions of various relationships in the system. It is not only necessary to conduct linear stability analysis, but also to distinguish between stable variables and unstable variables.

(2) Fast variables are eliminated by adiabatic approximation. Specifically, the unstable change of slow variable causes the system structure to be reorganized, while the change of fast variable can be basically ignored. Therefore, the change rate of fast variable is 0, and the order parameter is obtained.

(3) The order parameter equation is used to describe the system evolution. From adiabatic approximation, the order parameter equation is obtained by re-integrating the system state equation.

The specific steps are as follows:

Step 1: Mathematize the problem. The hypothesis E1 is the internal cause of a subsystem and its parameters. E2 is controlled by the internal cause. The motion equation of the system is as follows:

[image: image]

Where, E1, E2 are the state variables, a, b, c, d, β1, β2 are the control variables. When a is a negative value, E2 has a blocking effect on E1. Also, c reflects the synergistic effect of E1 on E2. When b, d are positive, it means that with the development of time. b, d have a certain degree of blocking effect on E1, E2. The β1, β2 reflect the ordered state of the system. When β1 is positive, it indicates that E1 presents a positive feedback mechanism, which can enhance the order degree of the system. When β2 is negative, it indicates that the E2 subsystem has established a negative feedback mechanism of order enhancement.

Step 2: Eliminate fast variables. If the “adiabatic approximation hypothesis” (AAH) holds, let Ė2= 0. Then, we can get [image: image]. E1 is the order parameter. The evolution equation of the system is obtained as follows:

[image: image]

Where, E1 determines E2, and E2 changes with the change of E1. Therefore, E1 is the order parameter of the system and dominates the co-evolution process of the system.

Step 3: The order parameter equation is obtained. The potential function of the system can be obtained by integrating Ė1 in the opposite number, that is, the formula 4, which can effectively judge the state of the whole system.

[image: image]

In this way, the order parameters of the system can be identified and the cooperation level of the whole system can be evaluated.




4. Experiment and analysis


4.1. Data sample and source

GZ is the capital of Guangdong Province and one of the important central cities in China. After more than 40 years of reform and opening up, the economy has developed rapidly with a perfect manufacturing system. Its manufacturing industry has a solid foundation, complete categories, and the development level is in the forefront of the country. In recent years, GZ's industrial structure, technological innovation ability, economic development vitality and green development have been greatly improved, and its industry is steadily moving toward high-quality development. With the deepening of the integration of the Greater Bay Area, the scope and fields of industrial cooperation between GZ's industry and the Greater Bay Area, and even South China, have been expanding and deepening. In addition, it has also become one of the pilot demonstration cities of the Ministry of Industry and Information Technology for manufacturing strategy. Table 2 shown that the industrial added value and the proportion of industrial added value in GZ. Therefore, GZ is selected as the case study in this paper.


TABLE 2 Current situation of industrial added value in GZ.

[image: Table 2]

The data were from the statistical yearbook of Guangdong Province, the digital finance research center of Peking University and Washington University in St. Louis.



4.2. Data processing

Because different indicators have different units, to eliminate the impact of different dimensions, it is necessary to normalize the indicators. The relative value obtained after processing is used to replace the original value, so that the indicators of different units and orders of magnitude are comparable. The calculation formula is as follows:

Positive index:

[image: image]

Reverse index:

[image: image]

Assuming that there are n samples in the evaluation system, and each sample has m indicators, Xij represents the original value of the j-th indicator of the i-th sample; Xij' represents the standard value after processing.

Data processing results are shown in Table 3. By comparing with other prefecture-level cities in GD, we can know the ranking of UID, environment, technology, and finance in GZ in recent 10 years. It can be seen from Tables 2, 3 that even though the proportion of industrial added value in Guangzhou is high in the province, its UID level is low. The reason is that GZ is a comprehensive city. Although the total amount of industry is strong, its development diversification leads to a low degree of overall industrialization of the city. In terms of the environment, as a large city, it has a high degree of development and a relatively high total amount of pollution emissions, so its environmental ranking is relatively backward. In terms of technology, its investment is above the medium level, indicating that GZ still pays attention to technological innovation and technological R&D. Ranked second in finance, indicating that GZ is facing industrial transformation, and the overall industry is shifting from real industry to virtual industry, especially the focus to the tertiary industry.


TABLE 3 Development status of various factors in GZ.

[image: Table 3]



4.3. Results and analysis

Referring to formula (1) and formula (2), the continuous differential equations of the order parameters are constructed as follows:

[image: image]

Where the formula (7) and formula (8) are expressed as order parameters of the environmental system. The E1, e represents the environmental state variables, The E2, g represents the state variables of UID.

[image: image]

Where the formulas (9) and (10) are expressed as order parameters of the technological system. E1, t represents the technological state variables.

[image: image]

Where the formulas (11) and (12) are expressed as order parameters of the financal system. E1, f represents the financial state variables.

The linear term coefficient represent the growth rate of the variable itself. The positive represents the self-growth effect, and the negative represents the self attenuation effect. The cross-term coefficient indicate the interaction between linear terms. Take environmental system as a example, if the cross-term coefficient of Ė1, e is positive, it indicates that the environment has a positive impact on the UID. If it is negative, there is a negative effect between them. Similarly, if the cross term coefficient of Ė2, e is negative, it indicates that it harms the UID. The coefficient of the square term indicate the influence degree caused by the change of the variable itself. If it is a positive number, it means that it will bring positive promotion to itself with the development of time. On the contrary, it has a certain degree of blocking effect on UID.

According to the adiabatic approximation principle, in the case of E2, e ≠ 0, we let Ė2, e = 0 and express the fast variable from the slow variable E1, e as [image: image]. After substituting it into formula (7), the equation conforming to the evolution process of logistics. By introducing the function v(E1, e), make it satisfy -∂V1, e/∂E1, e = dE1, e/dt, Based on this, the potential function formula can be deduced:

[image: image]

Similarly, the potential function formula of technology and finance can be deduced, respectively:

[image: image]

[image: image]

Through the simulation of potential function v1, e, v1, t, v1, f, the motion trajectories of virtual particles of E1, e, E1, t, and E1, f can be obtained respectively (see Figures 2–4).


[image: Figure 2]
FIGURE 2
 The potential function simulation of environmental system.


As shown in Figure 2, the overall growth rate of potential function parameters gradually increases with time. The environment has a significant positive effect on UID. This shows that the current environment and industrial development have reached a balance, making industrial growth and green sustainable development coordinated. This is more in line with reality. GZ attaches importance to the green development of industry and attaches great importance to strengthening industrial pollution prevention and environmental protection. In other words, in the process of UID, through the continuous improvement of industrial pollution control, it can enter a period of rapid development.

As shown in Figure 3, the potential function parameters change smoothly in the initial stage. With time, the overall growth rate of order parameters increases gradually. This shows that GZ attaches importance to technology, especially technological innovation and scientific progress. This has had a positive impact on the industry and accelerated the UID process. However, since the industry needs a running-in period at the initial stage of transformation, UID will develop slowly at the initial stage, and even have no promotion effect. After the running-in period, the impact of technology on UID will increase significantly. With the continuous development of technology, its role in promoting UID is more obvious. In other words, with the continuous innovation of technology and the mastery of key technologies, the industry can enter a period of rapid development.
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FIGURE 3
 The potential function simulation of technological system.


As shown in Figure 4, in the initial stage, the overall decline rate of the potential function parameter gradually slows down with time. With time, the barrier effect of Finance on the industry will gradually highlight and form a dissipative structure. This has an obvious crowding out effect on industrial development. Financial problems have become the bottleneck restricting the UID. GZ's UID will gradually get into trouble. In other words, the current financial model is not suitable for the UID. The UID will gradually fall into difficulties with the obstruction of the financial model, and the balance needs to be broken through new order parameters. Therefore, when the system develops to a certain extent, the potential function parameters begin to rise, and its growth rate gradually increases. This shows that cities are facing financial risks and financing difficulties in the early stage of UID. This needs to change the current financial development model and overcome the existing shortcomings through diversified development. When the reform of the financial model is successful, it can promote the rational and rapid development of the industry. On the whole, especially in the middle and later stages of development, finance can significantly promote UID to enter a period of rapid development.

Summary, the financial impact is first restrained and then promoted. In the middle and later stages of development, the emergence of new financial models will promote the UID. The promotion effect of technology investment is the second, and it will develop significantly after the running-in period. Environment plays the most significant role in the UID, and it has reached the equilibrium point.
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FIGURE 4
 The potential function simulation of financial system.




4.4. Comprehensive analysis

Although the three factors will eventually promote UID, the degree of promotion and change trend is slightly different. On this basis, with the perspective of new structural economics, we study the impact of different factors on UID according to time and level. The determinants and effects of UID change over time. In other words, the impact of finance, technology and environment on UID is indivisible, and it should be regarded as a duplicate effect, as shown in Figure 5.
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FIGURE 5
 The NSE framework of the UID.


Stage 1: Finance as an essential factor in the initial stage of UID. When UID is constrained by financing, it will reduce the sustainable input of factor resources. At the same time, its business management, technological innovation, scale development and strategic choice will be restricted to varying degrees. The development of digital finance can reduce the cost of financial services and expand the effective boundary of financial services. It can improve the ability of financial services to affect UID in a wider range. It can effectively alleviate UID's financing difficulties by increasing industrial financing channels. Under this background, industrial enterprises will invest more funds in R&D and improve business vitality, thus having a positive impact on productivity. On the other hand, digital finance can improve the mismatch of resources in the market and optimize the efficiency of resource allocation. This can avoid the waste of resources, reduce the transaction and time costs of industrial financing, and thus promote UID.

Stage 2: Technological innovation is the main development direction of UID. On the basis of digital financial support, the industry will get more capital resources, so that there will be enough funds to introduce advanced technology and independent R&D, which will improve the technical capacity. The effect of technological innovation is shown in that technology expands the boundary line of knowledge creation, maximizes the use of limited resources, and realizes efficient production. This is conducive to improving the product upgrading and organizational innovation of enterprises, and boosting the improvement of the position of the industrial value chain. On the other hand, with the development of information and communication technology, the fixed costs and transaction costs of enterprises in information collection, organizational reform, participation in global trade and division of labor continue to decrease, leading to a decline in the production costs of enterprises.

Stage 3: Green development concept is the future trend of UID. When the industry has accumulated sufficient financial and technical capacity, it will realize green innovation and development of the industry by increasing green technology investment, developing green production technology and producing green products. Specifically, under the concept of green development, industrial enterprises can maximize the use of renewable materials and clean energy for environmentally friendly and low-carbon production by reasonably optimizing resource allocation. It can reduce the unexpected output of industrial wastewater, industrial waste gas, industrial smoke and dust, and prevent the emission of pollutants from the source. This can enable industrial enterprises to meet government environmental management standards and avoid severe punishment. On the other hand, in recent years, consumers' demand for environmentally friendly products is growing, and UID is facing the transformation of green development. The production of green products can better meet consumers' current preferences, and help enterprises expand market share in the fierce market competition, improving green production and operation performance.




5. Discussion

With the continuous development of the manufacturing industry, it inevitably faces the influence of two factors, namely environmental pollution and technology. By studying the synergy between environmental pollution and technology on UID, it is helpful to deeply understand the development of manufacturing. Therefore, based on the PPM and NSE theory, this paper analyzes the impact of the above factors on the UID. The theoretical implication and the practical implication are as follows.


5.1. Theoretical implication

Most of the previous literatures were studied UID from a single perspective, such as finance (Xu and Pal, 2022), environment (Afzal and Hanif, 2022; Lena et al., 2022) and technology (Dos Santos et al., 2020; Xie et al., 2021). Few scholars study UID from multi-dimensions. Basic of the perspective of PPM theory, we build a complex system with three dimensions of the industry to analyze the UID, namely, environment, technology and finance. It can intuitively understand the impact of environmental pollution, technology creation and financial support to the UID. This provides an innovative perspective for the research of UID and enriches the relevant literature.

Many scholars have confirmed that finance promotes technology (Jiang et al., 2022), finance promotes green development (Li et al., 2022; Yin, 2022), and technology promotes green development (Liang et al., 2022). However, few scholars regard financial, technological and environmental factors as a duplicate effect to study their promotion to UID. On the basis of order parameters results, this paper makes a comprehensive analysis of UID in combination with NSE theory. Through further discovering the relationship between variables, we can deeply understand the phased characteristics of UID. It is helpful to put forward targeted development suggestions to UID.



5.2. Practical implication

The results found that not only intuitively reflects the important role of environmental regulation and technology in the UID, but also proves that, financial support has a greater impact on UID in the fusion process. There is an obvious trend that finance first inhibits UID and then promotes UID in the relationship between finance and industry. It is helpful to put forward targeted development suggestions UID. Based on this, we propose different development strategies in combination with UID development stage. The details are as follows:

(1) The financing channels should be improved in the first stage of UID. Due to its long development cycle, slow capital recovery and difficult financing, the shortage of funds has become one of the problems restricting UID. Solving the problem of investment and financing has become the key to industrial development. Therefore, UID puts forward higher and more comprehensive requirements for financial needs. First, expand financial support to industrial enterprises, especially industrial enterprises of specific size and development stage. The second is to solve the problem of high financing cost of industrial enterprises. Third, actively encourage and support the improvement of the multi-level financial system and help improve the financing channels of industrial enterprises. Fourth, promote financial facilitation of industrial enterprises. These will ease the rupture pressure of industrial capital flow and promote the sustainable and stable of UID.

(2) The technical level should be improved in the second stage of UID. Technological innovation is the fundamental power of UID. However, technological breakthrough requires a lot of experiments, which requires capital investment and corresponding infrastructure. The government should speed up the investment in industrial technology innovation, formulate corresponding development plans and relevant institutional policies, so as to vigorously support the technology innovation of UID. In addition, UID should be based on the development pattern of the new era dominated by the domestic big cycle. The government encourages and supports the production technology cooperation and linkage among various industrial sectors, and deepens the exchange and cooperation of technological innovation. In this way, technology integration can be applied to relevant upstream, midstream and downstream enterprises to create channels in all aspects. Finally, new technological formats can be cultivated to promote the coordinated development of regional industrial technological innovation.

(3) Achieving green development is the third stage of UID. Considering that green development is a long-term project, local governments should implement supporting incentive policies. By strengthening the implementation of environmental protection subsidies, the government helps enterprises get through the green transformation in the difficult financing stage. Secondly, encourage enterprises to increase production and research and development of green manufacturing, guide enterprises to research and develop technologies and products that are more in line with the low-carbon lifestyle. To promote the successful transition of enterprises into the process of green innovation and development, the government should increase the promotion of green production mode until industrial enterprises take green production as a normal business mode. In addition, enterprises should also grasp the green innovation trend of competitors in the industry, inject green value into products and services, to meet consumers' demand for green products. In this way, green innovation can be used to increase the differentiation advantage and market competitiveness of enterprises, thus promoting the green development of industry.




6. Conclusion

Lack of in-depth research on the phenomenon of promoting or hindering the UID. Therefore, to understand the potential influencing factors of the UID, this study takes GZ as an example. Based on the PPM, we discuss the impacts of the environment, technology and finance on the UID. It provides a reference for the related research of the UID. The results show that:

(1) Environment has an obvious promoting effect on the UID. This shows that the current environment and the UID have reached a balance. GZ should continue to maintain the existing environmental regulatory measures to coordinate industrial growth with green and sustainable development and promote the rapid growth of UID.

(2) Technology has a positive impact on the UID, but it needs to go through the technology running-in period smoothly. Specifically, in the initial stage, the technical impact on the UID is relatively slow and even not reflected. After the running-in period, the impact of technology on the UID will increase significantly. With the continuous development of technology, its role in promoting the UID is more obvious. GZ should adopt new technologies to promote industrial growth.

(3) Different from other factors, finance has a crowding-out effect on industrial development. That is, the current financial model is not suitable for the development of industrialization. The UID will gradually fall into difficulties with the obstruction of the financial development, and the balance needs to be broken through new order parameters. According to the experimental results, in the middle and later development stage, the emergence of new financial models will promote the UID.

(4) The impact of finance, technology and green on UID is applicable to different development stages of UID, that is, these variables are related. Finance can help UID obtain resources and improve resource allocation, and indirectly support technological innovation and green development. Continuous technology investment and innovation can help UID improve its value chain status and green transformation. Green development can enable UID to meet government standards and market consumer requirements, thereby improving green business performance.

Although this study is limited to a specific city, it can be expanded and verified on a global scale through further research. For example, different countries and regions have different raids. However, in most countries and regions, environmental, technological, and financial progress is the inevitable trend of UID. Therefore, this case study is about GZ, but is not limited to this. In terms of the scale, it is also very useful for Michigan and Tennessee in the United States, Ruhr Industrial Zone in Germany, and all prefecture-level cities in China.
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