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Abstract

:

Since the 21st century, the PRD has gradually been transforming from a world factory to a global city-region. Based on the manufacturing and urban economic data, this paper uses the upgrade (UPG) index of industrial structure, comparative advantage and economies of scale to evaluate the development level of manufacturing in the PRD from 2000 to 2019. Through geographically and temporally weighted regression (GTWR), this paper measures the impact of four types of components (R & D, service economy, production capability and foreign investment) on the development of manufacturing in different periods. The results show the disharmony between the scale, structure and quality of the manufacturing in different cities. The impact on the manufacturing from R & D has spatiotemporal differences; the impact of foreign investment on the west coast cities of PRD is stronger than that of the east coast cities with varied impact mechanisms. The impact of the service economy is strong in sub-core cities. The impact of production capability has a transmission effect from core cities to the sub-core cities, indicating the manufacturing subdivision of function within the region. By 2019, The PRD has gradually transformed into a dual-core structure and the two cores have differentiated development paths.






Keywords:


development level of manufacturing; UPG index; spatiotemporal difference; geographically and temporally weighted regression












1. Introduction


Allen Scott and Peter Hall put forward the concepts of a global city-region and mega-city region, highlighting how these territorial entities increasingly perform as the engine of the global economy [1,2]. Existing studies on global city-regions have mainly focused on advanced producer services (APS), knowledge-intensive business services (KIBS) and headquarters economy, which are deemed as key agents initiating ‘space of flows’ as well as coordinating the regional and global economy [3,4,5,6,7,8]. Due to the de-industrialization process consistently progressing in Western countries under the New International Division of Labor (NIDL), the majority of extant literature on global city-regions from English academia lacks attention to the manufacturing sector. However, manufacturing activities still play an indispensable role in the regional development of global city-regions in developing countries such as China and developed countries such as Germany and the US, particularly after the release of the reindustrialization strategy [9,10]. In recent years, under the development of industrial digitalization, automation and the injection of artificial intelligence, manufacturing activities are becoming more knowledge-intensive and innovation-oriented, and are seen as a supportive part of the global city-regions in a knowledge economy era [11,12,13,14].



With the process of reform and opening-up, China, especially the Pearl River Delta (PRD), received foreign industries due to the New International Division of Labor (NIDL)—mainly foreign-funded processing and manufacturing activities in the form of PMACT (processing with supplied materials, manufacturing with supplied drawings and samples, assembling with supplied parts and compensation trade) [15,16,17,18]. Supported by demographic dividend and proximity to Hong Kong and Macau, the PRD developed a business model called the “Front Shop, Back Factory” [19]. At the beginning of the 21st century, the PRD became noticeable as the “world factory” because of its tremendous production capacity and rich types of products [20,21,22]. However, the manufacturing activities in PRD have been gradually transformed by the complex dynamics behind the spotlighted label of world factory. Firstly, the dynamics of foreign investment have changed structurally, especially after the global financial crisis in 2008 [21]. Manufacturing firms in the region reoriented themselves from OEM production for the international market towards a dual-track mode—producing for both international and domestic markets [23]. Secondly, rising labor cost and tighter environmental regulation have prompted firms in PRD to either relocate or pay more attention to their R & D capabilities and other competitiveness [24,25]. The region has not confronted the dramatic decline in manufacturing as in Western countries due to the complete supply chain, domestic market and the new technological trend. New technologies such as automation and digitalization brought on by the 4th industrial revolution can enhance the production capability of manufacturing to offset the rising cost [26,27].



As a result, the industrial structure and spatial pattern of the manufacturing activities in the PRD have changed significantly over the last two decades. Using satellite image data and Manual Visual Interpretation, Ding and Wang (2018) identified the industrial production space of PRD in 1990, 2000, 2007 and 2014, and found that Guangzhou, Shenzhen and Foshan were the cores of PRD’s manufacturing agglomerations [28]. Combining remote sensing data and manufacturing POI data, Liu et al. (2019) improved the accuracy of identifying manufacturing production space and further depicted the manufacturing production space in the PRD [29]. Although the evolving manufacturing space in the PRD has been portrayed repeatedly, interpretations based on remote sensing data can hardly identify the economic features of these manufacturing activities such as added value and technology intensity. In recent years, studies using the EG index examined the agglomerations of various manufacturing industries in PRD and uncovered that labor-intensive manufacturing industries shifted to the peripheral cities of the region and high-tech industries emerged and expanded in the core/sub-core cities such as Shenzhen, Guangzhou, Dongguan and Foshan [30,31,32,33]. Studies also revealed that the sub-core cities such as Dongguan and Zhongshan have played more important roles in the PRD, hosting a larger number of manufacturing firms than even the core cities such as Shenzhen in recent years, which mirrors a new wave of industrial spatial restructuring in the present-day PRD [34].



Existing studies also pay attention to the dynamics explaining the above spatial process. Studies in the field of economic transition have regarded marketization, globalization and decentralization as the most important framework affecting the transition of China’s regional manufacturing. However, factors affecting manufacturing in the PRD have both similarities and their own characteristics from the above frame [35,36,37]. First, as one of the leading global city-regions in China deeply embedded in the global production networks over the last four decades or so, the PRD’s manufacturing activities can by no means be isolated from foreign investments [26,38]. Second, R & D intensity plays an increasingly substantial role in empowering manufacturing activities in the PRD when it faces intense competition for product innovation and quality across the globe [39,40]. Third, the service economy, particularly the producer services, plays as external knowledge and information suppliers in underpinning the competitiveness of manufacturing activities [3,41]. Fourth, production capability comes to the fore in manufacturing competitiveness in the PRD; the PRD in particular is exposed to the advent of the 4th industrial revolution [42,43].



Current research progress characterizes the industrial transition, spatial pattern and impact factors of the manufacturing activities in the PRD, but a bunch of research gaps nevertheless stand out. First, while existing studies predominantly focused on the spatial evolution of manufacturing activities in the PRD, little scholarly effort has been made to distinguish the types of manufacturing (e.g., high-tech or labor-intensive industries). Meanwhile, the research on the development performance of manufacturing activities tended to narrow their focus on the analyses of data, with few discussions on the underlying spatial relationships. Therefore, we highlight a necessity to combine the analyses of spatial distribution and performance evaluation in order to provide a more profound understanding of manufacturing activities. Second, existing analysis only probes into a single dimension of impact factors but unsatisfactorily unveils the comprehensive image influencing manufacturing dynamics in the PRD. Using partial indicators may adequately explain manufacturing dynamics in the PRD in certain historical phases, but cannot sufficiently illustrate the situation at present, when the manufacturing dynamics have become dramatically complex under the China-US trade war, ‘double circulation’ national strategy and the COVID-19 pandemic. Therefore, we try to synthesize the above four dimensions of dynamics to form a more comprehensive framework to understand the development of the manufacturing activities in the PRD. Third, existing discussions about the manufacturing of PRD have either seen the region as a whole or selected some cities such as Dongguan and Shunde to represent the characteristics of the region [26,44]; spatial variations and interconnections in manufacturing dynamics across cities in the PRD receives limited concern. Cities in the PRD have become increasingly diversified in manufacturing development and dynamics; studies covering all the cities and striving for city-sensitive interpretations and temporal imbalance merit deeper investigation.



Drawing on the above-mentioned research progress and debate, this paper aims to fill in the research gaps by evaluating the development of manufacturing sectors in all the cities in the PRD from 2000 to 2019 in two dimensions—structure and scale—based on city-level data of different manufacturing sectors in the PRD. Furthermore, this paper attempts to build up a comprehensive framework to examine the impacts of R & D, service economy, production capability and foreign investment on the spatial changes of manufacturing sectors in the PRD during different time-periods by using the geographically and temporally weighted regression model (GTWR). With the emphasis on long-term spatial characterization and extensive dynamics explanation on manufacturing activities in the PRD, this paper intends to enrich manufacturing studies in the intellectual sphere of global city-regions.



In the next section, we firstly introduce the location of the PRD and our data source. After that, we construct our index system to evaluate the development of manufacturing by the entropy method. Then, we introduce what kind of factors and model we choose to explain the development of manufacture. Section 3 firstly shows the historical evolution of manufacturing in four periods and their basic features. Next, we reveal the spatial-temporal difference of the dynamics which impact the pattern of the manufacturing. In Section 4, we compare our results with other studies and point out the limitation. In Section 5, we conclude on our research question and give some political implications.




2. Materials and Methods


2.1. Study Area and Data


The Pearl River Delta is located in Guangdong Province in China, comprising nine cities: Guangzhou, Shenzhen, Zhuhai, Foshan, Dongguan, Zhongshan, Zhaoqing, Huizhou and Jiangmen (Figure 1). In 2019, Guangdong ranked first among the country’s 31 provinces in terms of GDP, with the Pearl River Delta accounting for 80 percent of the province’s total. The GDP of the Pearl River delta is even higher than that of Mexico and the Netherlands. Since China’s reform and opening-up in 1978, the PRD has benefitted from the new international division of labor and has been known as the world factory. The output value of the secondary sector of the PRD is CNY 3.59 trillion, accounting for 41% of GDP.



The data in this paper is from the Statistical Yearbook of Guangdong Province (2001–2020), the statistical yearbooks of 9 PRD cities (Guangzhou, Shenzhen, Zhuhai, Foshan, Dongguan, Zhongshan, Zhaoqing, Huizhou and Jiangmen) from 2001 to 2020, the Statistical Communique of the People’s Republic of China on National Economic and Social Development, Guangdong Statistical Yearbook on science and technology, and China City Statistical Yearbook.




2.2. The Index System of the Development of Manufacturing


This paper evaluates the development of manufacturing in each city in two dimensions—structure and scale. Firstly, the structure dimension focuses on the industrial structure upgrade of manufacturing, of which the main characteristic is the structure of the manufacturing sector being transformed from low-tech industries to medium-high-tech industries during the process of urban development. Therefore, an upgrade index is constructed to represent this process to show the city’s advantage in its own industrial structure. Secondly, since the evaluation is carried out within the PRD, the comparative advantage of medium-tech and high-tech industries of the city means the city can gain the Matthew’s effect from other cities in the region. Therefore, a revealed comparative advantage index is built to show the city’s advantage in the regional industrial structure. Thirdly, because of the returns of scale, the scale of the manufacturing cannot be ignored. On the one hand, it can reduce the industrial costs. On the other hand, some advanced technology, such as the automatic production line, can only be used when the scale reaches a certain level. Besides, medium-high-tech industries can provide more added value to promote the development of the manufacture than low-tech industries. So, we choose the output value of medium-high-tech industries of each city to indicate the size of its manufacturing sector. The level of industrial development in these cities is evaluated by calculating the UPG of industrial structure, the revealed comparative advantage index (RCA) and the total output value of medium-high-tech industries with the entropy weight method.



The Organization for Economic Co-operation and Development (OECD) divides manufacturing into four categories based on industrial technology level: low-tech, medium-low-tech, medium-high-tech and high-tech. Additionally, some scholars have combined medium-high-tech and high-tech industries into high-tech industries. According to studies from Li Jianxin, there are 29 industries in the manufacturing sector that fall into low-tech industries, medium-tech industries and high-tech industries (Appendix A) [45]. The upgrading of manufacturing is a process of low-tech manufacturing shifting to medium-high-tech manufacturing. Based on the evaluation method for industrial upgrading introduced by Fu Linghui [46], this paper defines the industrial structure upgrade as:



First, the proportion of total output value of three kinds of industries (low, medium and high) serves as a component of the space vector, thereby forming a set of three-dimensional vectors of city m:     X  i , m   =  (   x  1 , m   ,  x  2 , m   ,  x  3 , m    )   . Next, calculate the angles    θ 1  ,      θ 2  ,      θ 3    of vector    X  i , m       and the industrial vectors (1,0,0), (0,1,0), (0,0,1), respectively, which are arranged from low level to high level:


   θ  i , m   = arccos  {     x  i , m     (   ∑   i   =   1  3    (  x  i , m  2  )   1 / 2   ·    }   



(1)




thus, UPG is calculated as follows:


  UPG =   ∑   k   =   1  3    ∑   i   =   1  k   θ  i , m    



(2)




higher UPG means a higher level of industrial structure upgrade.



Revealed Comparative Advantage Index (RCA) is defined as the ratio of two shares—the output value of medium-high-tech manufacturing and the total output value of cities in PRD. That is,


    RCA  i  =  (    O m  h i     O i     )  /  (    O m  h t     O t     )   



(3)




where     RCA  i    is the the RCA of city  i ;   O m  h i    is the output value of medium-high-tech manufacturing of city  i ;    O i    is the output value of the manufacturing in city  i ;   O m  h t    is the output value of medium-high-tech manufacturing of PRD;    O t    is the total output value of PRD. When RCA is greater than 1, it is inferred that the medium-high-tech manufacturing in the city have comparative advantages in PRD. Additionally, the larger the index, the stronger the comparative advantages.



These three indicators of 20 years in the 9 cities of PRD are standardized by min-max normalization. So, each indicator has 180 observations. Then, we used the entropy method to gain the weights of UPG, RCA and the output value of medium-high-tech. The entropy of indicator  i  is    H i   :


    H i    : = −  1  ln n     ∑   j   =   1  n     r  i , j       ∑   j   =   1  n   r  i , j     ln    r  i , j       ∑   j   =   1  n   r  i , j       ( n = 180 )   



(4)




where    r  i , j     is value of the indicator  i .


    w i    : = −   1 −  H i    m −   ∑   i   =   1  m   H i      



(5)







The weights of UPG, RCA and the output value of medium-high-tech are labeled, respectively, as    w 1  ,    w 2    and    w 3   ; thus, the level of manufacturing of city  i  in the year  t  is     MCL   i , t    :


    MCL   i , t   =   UPG   i , t   *  w 1  +   RCA   i , t   *  w 2  + M  H  i , t   *  w 3   



(6)




where   M  H  i , t     is output value of medium-high-tech industries of the city  i  in the year  t .




2.3. The Analytical Framework of Impact Factor


Based on the value chain and the export-oriented feature of the manufacturing sector in PRD, this paper considers that factors impacting the industrial structure upgrade of the PRD are R & D, production capability, service economy and foreign investment. The development of manufacturing is inseparable from R & D, and in some spaces, the integration of R & D into manufacturing has become very noticeable [11,47]. In existing research, scholars have noticed the impact of R & D led by government on manufacturing structure upgrading [45]. However, in the process of industrial development, the R & D expenditures of firms, as one of the main entities in the market, are more important. This paper uses the R & D expenditures (RDI) and the number of granted patents (PGI) of the industrial firms as indicators of their R & D input and output.



The manufacturing process is mainly affected by the production capability of labor and production facilities, so this paper uses the labor productivity of the industrial firms (LPI) and the amount of capital invested in the fixed assets of manufacturing (CFM) to represent the two factors.



The development of manufacturing is not independent from the economic system; the city’s capabilities of coordinating trade and freight transport also affect the development of manufacturing in the city. This paper selects total sales of goods in wholesale and retail trade (SWR), total purchases in wholesale and retail trade (PWR) and turnover of goods (TOG) as indicators. In addition, APS, especially the financial industry, has a significant impact on the development of manufacturing, so this paper uses local and foreign currency loans from Chinese and foreign financial institutions (LLF) as indicators [41,48,49].



After China’s reform and opening-up, the development of the manufacturing sector in PRD has taken a development path with Chinese characteristics under the influence of globalization. The process of its manufacturing upgrading has the characteristics of export-oriented economies, so this paper uses the amount of foreign capital actually utilized (FCU) and the amount of foreign capital actually utilized by manufacture (FCUM) as indicators [18,50].



2.3.1. Principal Component Analysis and Data Preprocessing


Based on the above theoretical models, 10 variables as initial independent variables are selected and log transformed. In order to prevent the problem of multicollinearity between independent variables from affecting the model effect, this paper first analyzes the correlation between independent variables and finds that there is a significant correlation between multiple independent variables. Therefore, all variables are analyzed by principal components, and the variables are orthogonally transformed to achieve the purpose of dimension reduction, and four types of principal components are extracted to represent the dynamics of service economy, R & D, production capability and foreign investment (Table 1). Based on the score coefficient matrix of principal component analysis, this paper uses a regression method to correspond each index to the score coefficient matrix and calculate the comprehensive value of each principal component.




2.3.2. Geographically and Temporally Weighted Regression Model


Geographically and temporally weighted regression (GTWR) is a spatial analysis technique which incorporates temporal effects into the geographically weighted regression (GWR) model. That is


   Y i  =  α 0   (   u i  ,  v i  ,  t i   )  +   ∑  k   β 0   (   u i  ,  v i  ,  t i   )   X  I , K   +  ε i   



(7)




where    Y i    is the development level of the urban manufacturing;    u i    and    v i    are the latitude and longitude of the city;    t i    is the year of the development; and the three parameters are the spatial-temporal coordinates of the corresponding year of the city,    β 0   (   u i  ,  v i  ,  t i   )    is the coefficient of dependent variable K, and    ε i    is the residual.



Similar to GWR, the estimated value of    β ^   (   u i  ,  v i  ,  t i   )    at observation point i is obtained by local weighted Ordinary Least Squares based on appropriate bandwidth and spatiotemporal weight matrix. That is


   β ^   (   u i  ,  v i  ,  t i   )  =   [  X T  W  (   u i  ,  v i  ,  t i   )  X ]   − 1    X T  W  (   u i  ,  v i  ,  t i   )  Y  



(8)




where  Y  is the dependent variable matrix of the development level of each city’s manufacturing, X is the independent variable matrix of the factors that affect the manufacturing development of PRD, t   X T    is the transpose matrix,   W  (   u i  ,  v i  ,  t i   )    is the spatiotemporal weight matrix. In this paper, bi-square space weight function is selected to determine the space-time weight matrix [51]. The spatiotemporal weight matrix is calculated as follows:


   W  i j   =  {         [  1 −    (     d  i j   S T    b   )   2   ]   2  ,  d  i j   S T   ≤  b i        0 ,  d  i j   S T   >  b i         



(9)




where    d  i j   S T     is the spatial-temporal distance between observation points  i  and  j . That is


   d  i j   S T   =   δ  [     (   u i  −  u i   )   2  +    (   v i  −  v i   )   2   ]  + γ    (   t i  −  t i   )   2     



(10)




where b is the appropriate bandwidth under the guideline of AICc.






3. Results and Analysis


3.1. The Spatio-Temporal Pattern of the Manufacturing in the Global City Region of PRD


Through the entropy method, the calculated weights of the industrial structure upgrade, the comparative advantage of medium-high-tech industries and the total output value of medium-high-tech industries are 0.1828, 0.1098 and 0.7074; the level of development of the manufacturing sector of the cities is calculated and divided into 10 levels; the higher the level, the higher the level of development (Figure 2).



Manufacturing in PRD has grown rapidly since the 21st century, increasing 12-fold since 2000. However, the core logic that underpins the development of manufacturing in PRD has also changed, with the share of low-tech industries falling from 28% in 2000 to 15.4% in 2019, and high-tech industries growing from 53% to 67.4%. After 2011, in particular, the average growth rate of high-tech industries was twice that of low-tech industries. The PRD has gradually transformed from a labor-intensive world factory to a global city-region driven by technological innovation and capital intensity.



3.1.1. 2000–2007: The Rapid Development of the Guangzhou-Foshan Metropolitan Area


In 2000, the development of manufacturing in Shenzhen, Huizhou and Zhuhai were in the front rank, which were higher than level 4; Guangzhou, Foshan and Dongguan were in the inner circle, which were at level 2; Zhaoqing and Jiangmen were at level 1. In terms of manufacturing output value, the top three were Guangzhou, Shenzhen and Foshan. However, as Guangzhou and Foshan had a large number of low- and medium-tech manufacturing, the levels of their UPG indexes of industrial structure and the comparative advantages of their medium-high-tech industries were low, making their overall rankings in middling positions. As the electronics and communication equipment manufacturing in Shenzhen developed rapidly, related assembling and components manufacturing had been gradually shifted to Huizhou. Additionally, the manufacturing of electronics and communication equipment was the 2nd largest, after Shenzhen. In Zhuhai, the high-tech manufacturing was small in size but had developed more evenly with fewer low-tech industries.



Since 2000, the overall industrial structure in PRD has been optimized continuously. The overall UPG index of the industrial structure increased from 6.43 in 2000 to 6.90 in 2006. At this stage, the vigorous development of capital-intensive industries such as metal smelting and equipment manufacturing promoted the quality of the regional industries. By 2007, except for Zhaoqing and Huizhou, the levels of manufacturing in all cities had been improved; and the level of manufacturing in Guangzhou had improved most significantly, from level 2 to level 6. Guangzhou was in the leading position in PRD in the fields of high-tech industries such as chemical manufacturing, equipment manufacturing and metal smelting. Additionally, Foshan, which is adjacent to Guangzhou, ranked first in the field of medium-tech industries such as metal smelting and metal products manufacturing. The industrial chains of capital-intensive transportation equipment manufacturing, high-end equipment manufacturing and machinery manufacturing started to take shape in Guangzhou and Foshan. As a typical region of PMACT from China’s reform and opening-up, Dongguan still had a large number of low-end manufacturing, ranking first in many low-tech industries such as textiles and clothing. However, due to the industrial transfer and trickle-down effect of Shenzhen, Dongguan ranked second in PRD in terms of electronics and communications equipment manufacturing.




3.1.2. 2008–2014: Regional Industrial Transformation Brought by Economic Crisis


The global economic crisis had hit the export-oriented economy of PRD sharply, which was reflected spatially as the industrial development on the west coast of PRD grew faster than that of the east coast. In 2010, Guangzhou, Foshan, Zhongshan and Zhaoqing had all moved up by one grade, while the other cities remained unchanged. Under the impact of the economic crisis, the medium-high-tech industries, especially high-tech industries, developed slowly, and the UPG index of industrial structure decreased slightly and fluctuated around 6.82. In response to the economic crisis, the Chinese government vigorously promoted domestic demand and consumption, leading to the rapid development of low- and medium-tech manufacturing, such as metal smelting. In the wake of the economic crisis, Dongguan and Shenzhen gradually reduced their shares of low-tech manufacturing. Dongguan was affected by both Guangzhou and Shenzhen and entered a tough phase of transformation and upgrading; its high-tech manufacturing (transportation equipment manufacturing and general equipment manufacturing) improved significantly; its communication and electronic equipment manufacturing became the pillar industry of the city and kept growing. The petrochemical industry in Huizhou rose to the first in PRD with the project from the firm ChinaPetro arriving at Daya Bay. With the redistributions of manufacturing among Shenzhen, Dongguan and Huizhou, and the rise Dongguan, the once well-developed industries of communication and electronics manufacturing and transport equipment manufacturing declined. For the west coast of PRD, the essential issue of development was still the size of its industrial sector.



After going through the impact of the economic crisis, the cities quickly recovered from the recession and took advantage of the market changes brought about by the economic crisis to improve their industrial structure, promoting the transformation and upgrading of the manufacturing under innovation and technology. In the five years from 2010 to 2014, the most outstanding city in the development of manufacturing was Dongguan; with an overall growth rate of 59%, its level of manufacturing development jumped to the fourth, three times of the growth rate of the second-place city. Although Dongguan did not have leading high-tech industries, but their high-tech industries were fast growing. Low-tech industries did not shift to the outer cities of PRD until 2014 and were still concentrated in the traditional low-tech manufacturing space of Guangzhou, Foshan and Dongguan; the main change was the specialization of low-tech industrial functions.




3.1.3. 2015–2019: The Formation of Guangzhou-Shenzhen Innovation Corridor


Under the background of the New Normal economy, the UPG index of industrial structure of PRD increased steadily from 6.91 to 7.04 in the period of 2015–2019. In fact, it was a full response to the 18th National Congress, which brought up the innovative development strategy to meet the challenges of the transformation and upgrading of manufacturing. The growth rate of the high-tech and medium-tech industries in PRD was significantly higher than that of the low-tech industries; among the high-tech industries, the fastest growth is in the manufacturing of special equipment related to the fourth industrial revolution. In 2019, the city with the highest level of manufacturing development was Shenzhen, which was at level 10. Dongguan eventually took the second place in PRD after overtaking Foshan in 2017 and Guangzhou in 2018. Foshan also overtook Guangzhou in 2019 and ranked third in PRD.



The structure of low-tech manufacturing had not changed much. Dongguan’s advantage in textile and garment manufacturing had been further strengthened. Apart from its rubber and plastic industries being overtaken by Shenzhen and Dongguan, Foshan retained its advantageous position in medium-tech industries. In terms of high-tech industries, Shenzhen ranked first in the pharmaceutical manufacturing, surpassing Guangzhou. As for automobile manufacturing, Guangzhou and Foshan had formed a complete industrial chain, and Shenzhen and Dongguan had made progress in the alternative fuel vehicle industry. Relatedly, Foshan was competitive in the general equipment manufacturing and electrical machinery and equipment manufacturing, ranking first. However, Shenzhen and Dongguan kept improving, ranking second and third, respectively. In special equipment manufacturing, Shenzhen had widened its gap with Foshan, and the adjacent cities of Huizhou and Dongguan also developed rapidly. In computer, communication and other electronic equipment manufacturing, Shenzhen, Dongguan and Huizhou had built up a systematic production network that was globally competitive. Overall, Shenzhen’s manufacturing sector still has a significant ahead of other cities in PRD in all aspects. The output value of its high-tech industries reached RMB 2.98 trillion in 2019, which was more than twice of the second-ranked city Dongguan. Although Dongguan was not ranked first in any high-tech industries, all of its technical industries developed vigorously; the output value of its low-, medium- and high-tech industries increased by 31.5%, 101.3% and 83.1%, respectively, ranking first in PRD.





3.2. The Development Dynamics of Manufacturing in the Global City Region of PRD


3.2.1. Parameters of Analyzing Model


In this paper, the levels of manufacturing evaluated from the two aspects—structure and size—are used as the dependent variable, the scores of the four principal component as independent variables, the longitude and latitude of the gravity center of the nine cities in PRD as the X and Y coordinates of the urban space, and the year as the time coordinate. The analysis is performed using ArcGIS’s spatiotemporal geographic weighted regression model plugin which is provided by Bo Huang in his ResearchGate [52] The GTWR model bandwidth uses the automatic optimization option, the spatiotemporal distance parameter ratio is 1, and the fixed effects model is used [53]. The parameters of the model are shown in Table 2. The    R 2    and the Adjusted    R 2    in the model are both greater than 0.99, which means that the spatial-temporal geographic weighted regression model can well simulate the impact of the four types of factors on the manufacturing in each city. In this paper, the coefficients of each independent variable are divided into 10 levels according to the data characteristics. The higher the grade, the greater the impact on the development of urban manufacturing, which is visualized through mapping using ArcGIS, and the darker the red color, the stronger the impact.




3.2.2. The Impact of R & D on the Development of Manufacturing


Since the 21st century, the impact of R & D on manufacturing in PRD had been positive with noticeable time stages (Figure 3). The average impact coefficient of the nine cities in PRD remained basically stable before 2009, with an annual growth rate of less than 2%. However, after 2013, the average influence coefficient maintained an increase of 10%, and the increase in 2016 even exceeded 17%. This was due to the shrinking of foreign markets brought about by the economic crisis, prompting the decline and migration of low-tech industries in the region and forcing many firms to focus on R & D investment and technological competitiveness. Accordingly, after the 18th National Congress, the Chinese central government put forward the innovation-driven development strategies and the corresponding supporting policies, which also promoted the dynamic transformation of manufacturing enterprises in PRD. Spatially, the dynamics of R & D had a great impact on the cities on the west coast of PRD before 2010. After 2010, the innovation-driven model was highly noticeable in the cities on the west coast of PRD.



The core industries of Guangzhou and Foshan were mainly industries with long technology renewal cycle, such as metal smelting and processing and transportation equipment. The impact of R & D on these industries were positive, but the growth rates were relatively slow. With the rapid development of information and communication technology and internet industries, electronic industries had entered a period of high-speed development. As a result, the manufacturing in Dongguan and Shenzhen was significantly driven by R & D after 2010. As the Huawei R & D Shenzhen quarter and the mega scientific equipment for China spallation neutron source moved to Dongguan Songshan Lake area, the impact of R & D on Dongguan became more significant, and its impact coefficient surpassed Shenzhen, ranking first in PRD. Because of the division of functions within the chain, the electronics manufacturing in Huizhou were concentrated in the low end of the value chain; while R & D had relatively low impact on the petrochemical processing industry, Huizhou were less affected by the input on R & D compared to that of Shenzhen and Dongguan.




3.2.3. The Impact of Service Economy on the Development of Manufacturing


The service economy had an enhancing effect on the comprehensive development of manufacturing, and the effect increased over time. the average impact coefficient of PRD retained between 5% and 7% without significant changes. Therefore, it showed that the service economy had a continuous impact on the levels of regional manufacturing without significant temporal difference.



From a spatial perspective, the service economy had most significantly impacted on the sub-core cities such as Foshan, Huizhou and Zhongshan (Figure 4). Guangzhou was the most significant city in trading activities and had held world-class trade fairs such as the Canton Fair. However, Guangzhou’s trade capacity and transportation infrastructure provided services to PRD and even the whole country, and its service economy did not play an important role in promoting local manufacturing. Foshan’s trade capacity, transportation and logistics capacity mainly provided services for the local economic development, capable of promoting efficient interactions between the local manufacturing firms and the market. As a core area of capital-intensive industries, Foshan was greatly benefited from the impact of financial capital on its manufacturing. With the first phase of China Petroleum & Chemical Corporation’s refinery and petrochemical project being put into production, Daya bay had gradually formed an industrial chain for petrochemicals deep-processing chain. As the industries of electronics, smart equipment production and biomedicine required considerable capital input, the impact of the service economy on Shenzhen became more intense after 2010.




3.2.4. The Impact of Production Capability on the Development of Manufacturing


According to the average influence coefficient, the impact of production capability in PRD were positive on the regional manufacturing with noticeable time stages. Before the 2008 crisis, the impact was largely consistent. After the crisis, the impact of production capability reduced slightly, reflecting the impact of the economic crisis on the labor market. Around 2013, the impact of production capability on the development of manufacturing returned to the pre-crisis levels and increased sharply afterwards. The manufacturing in PRD readjusted its market and structure after going through the economic crisis, improved its labor efficiency and enhanced its physical environment for production capability, which rapidly affected the overall development of the regional manufacturing.



From a spatial perspective, the dynamics of production capability before 2008 had significant differences between the inner circle and the outer circle, with a stronger impact on the inner circle than the outer circle (Figure 5). After 2008, the dynamics of production capability evolved into four types. Shenzhen and Dongguan were the cities that had been most significantly impacted on. Additionally, the impact to some extent presented a transmission effect from Shenzhen to Dongguan. In the metropolitan area of Guangzhou and Foshan, the impact of production capability basically remained unchanged—the impact declined slightly in Guangzhou and increased slightly in Foshan. For Zhongshan and Huizhou, the impact of production capability declined at first and then increased, and the decline processes of the two cities were intensified by the economic crisis. In the period from 2008 to 2013, the impact of production capability on the development of Huizhou’s manufacturing was even negative. However, with the development of electronics industry, the production capability in Huizhou returned to a comparatively high level. The impact of production capability on the west coast cities of PRD were relatively small, and for Zhuhai, the impact was in constant decline.




3.2.5. The Impact of Foreign Investment on the Development of Manufacturing


From the average impact coefficient, the impact of foreign investment on the development of manufacturing were positive with noticeable time stages. Until 2010, the impact of foreign investment was low and stable. After 2010, the impact of foreign investment increased significantly, and the impact coefficient increased by 15% each year until 2015. After 2015, the impact coefficient decreased by 2% each year, and eventually retained at 8%. The impact of foreign investment on the manufacturing in PRD had substantially changed the structure. Before the economic crisis, foreign-funded manufacturing in PRD mainly used the low cost of PRD to serve the global market. However, with the outbreak of the economic crisis, foreign-funded industries began to focus on both the Chinese and the global market, which had impact on the medium-high-tech industries in the cities.



Reflected in the space, the impact of foreign investment on the development of manufacturing in different cities had significant temporospatial difference (Figure 6). Before the economic crisis, the impact of foreign investment was most significant in the west coast cities in PRD such as Zhaoqing, Zhongshan and Zhuhai. After the crisis, the impact was found most significantly in two areas—Foshan-Zhongshan-Zhuhai and Shenzhen-Dongguan-Huizhou. For Shenzhen, Dongguan and Huizhou, the impact of foreign investment had a diffusion effect from the core city Shenzhen to the marginal cities of Dongguan and Huizhou, and there were both cooperation and functional division of labor among the three cities. However, the impact of foreign investment was mainly on the midstream and downstream of the industrial chain, such as the supporting firms of the electronics industry in Huizhou. In Foshan, the impact of foreign investment was mainly found on capital intense industries such as FAW-Volkswagen. The impact of foreign investment on Zhuhai’s industries were mainly concentrated in the petrochemical and electronics industries. The impact of foreign investment on Zhongshan’s industries was concentrated in the industries of equipment manufacturing, household chemicals, electronics and information. As Guangzhou was greatly affected by foreign investment in low-tech industries, the impact of foreign investment was not obvious.






4. Discussion


PRD is an emerging global city-region and a new spatial entity under the combined influence of globalization and urban regionalization [54]. However, existing research on PRD have paid too much attention to the development of the core world cities in the region, and considered that APS, especially the knowledge-intensive services, were the fundamental driving force for regional development [55,56,57]. However, unlike in the west, there has been no significant deindustrialization of urban areas in China, and manufacturing is an essential driver for the development of the global city-regions like PRD [29,35,58]. The United States and other Western countries have recognized the importance of manufacturing after the economic crisis and proposed a series of policy measures to revitalize their domestic manufacturing [59]. Although signs of manufacturing returning to developed countries has been emphasized by scholars in recent years, some scholars have pointed out that the return was not significant [59,60,61,62,63]. During the two major waves of NIDL, PRD has always stepped into the core of the waves with Hong Kong and the core cities in the coastal area of PRD undertaking the two global industrial transfers [64]. Previous studies on the development of manufacturing in PRD mainly focused on the development of specific cities, specific industries or flagship firms and lacked comprehensive views of the urban manufacturing at the city scale [42,44,58]. Even the descriptions of the pattern of manufacturing in PRD was limited to the material space or the total capacity and lacked the consideration of the internal structural characteristics of manufacturing. The comprehensive index of this paper takes into account not only the size and structure of urban manufacturing, but also the comparative advantage of urban manufacturing in the region.



In the early days of China’s reform and opening-up, PRD, with its proximity to Hong Kong, received a large number of industries through PMACT, which were regarded as export-oriented and low-end industries [16,65]. However, in practice, the manufacturing sector in PRD gradually transformed and upgraded, and the region turned to a new stage of innovation-driven development [26,42]. Since the industrial base, spatial location, infrastructure, service economy, financial strength and human resources of cities are all not the same, the development of manufacturing was varied. While existing research paid little attention to the varied development dynamic of manufacturing in different cities and the interactions between cities, this paper uses the method of spatio-temporal weighted regression model and selected four dimensions to depict the dynamic differences of nine cities at different stages. For other emerging city-regions in China or other developing countries, our index system evaluating the development of manufacturing and four-dimension analytical framework of dynamics can be used but needs to be justified according to their regional technological foundation and social-economic background. Our finding about the transmission effect between core and semi-peripheral cities may not be applicable for some city-regions because the filtering effect also exists in some city-regions [66]. However, our research emphasizes that the city-regions need to attach importance to this interconnection and figure out the mechanism. Additionally, this can help the city-region to get the regional coordination and technological cohesion.



In consideration of our findings, it is important that we spell out the limitations. Firstly, because of the context of China’s reform and opening-up and the “One Country, Two Systems” institutional system, the path of the PRD is too unique to be replicated. Secondly, due to the limitations of data, this paper does not take the more subdivided industry categories into account and the division of high-, medium- and low-tech industries is relatively rough. In addition, our study is devised from the corporate perspective. However, the development of regional manufacturing is not only affected by the firms themselves but also by the government, universities and research institutes, industrial associations and other non-economic actors. Therefore, future research needs to open the black box about each kind of actor and figure out the mechanism through which different actors interplay with each other and impel the regional development. Furthermore, according to our findings we need to conduct more in-depth case studies in different locations of the PRD to understand the implementation mechanism of manufacturing upgrading.




5. Conclusions


Using the urban manufacturing data of the PRD from 2000 to 2019, this paper measures the levels of manufacturing in nine cities in the PRD and its spatio-temporal change process, and constructs an analytical framework with the GTWR model to identify the driving forces of the development of manufacturing in various cities in the region, and the core conclusions are as follows:



The development of manufacturing in the PRD is quite different in the spatial-temporal perspective, which is transformed into the dynamic differences and the differences of the internal division of function in the manufacturing of the east and west coast of the PRD, and it alters the existing understanding of inner and outer layers. The region has also gradually transformed into a dual-core structure of the Shenzhen-Dongguan innovation corridor and the Guangzhou-Foshan integrated region; and the two cores had differentiated development paths. The west coast cities of the PRD have not developed any noticeably advantageous industries and star firms, and its development of manufacturing is lagging in the region. The three cities, Shenzhen, Dongguan and Huizhou, have fully integrated and developed a complete cooperation system of manufacturing with electronic equipment and electrical machinery as the core. After 2010, with the fourth industrial revolution, which is represented by ICT technology and artificial intelligence technology, Dongguan has gradually transformed from the typical representative of the world factory to a model of intelligent manufacturing. However, on the west coast of the PRD, there are three circles with vast differences in development. Guangzhou and Foshan are becoming more and more integrated and have advantages in the capital-intensive industries. Zhongshan and Zhuhai are well-founded in medium-high-tech industries, but the structure of these industries is not in coordination with their sizes. Zhaoqing and Jiangmen, separated from the core region, are at the bottom end of PRD’s development of manufacturing.



The financial crisis of 2008, on the one hand, promoted a shift of firms focusing on the market, and on the other hand, it required that firms should further build up technical barriers to keep their competitiveness in manufacturing. The spatial differences in R & D are related to the characteristics of the industries; the leading industries in the Guangzhou-Foshan metropolitan area are capital-intensive and of long-term technology update cycles, such as automobile manufacturing, mega equipment machinery manufacturing and petrochemical industry; in Shenzhen and Dongguan, the development of the electronics industry and equipment manufacturing are related to the trend of Industry 4.0, and the impact of the service economy was most significant in the sub-core cities such Foshan, Huizhou and Zhongshan. However, the case with Guangzhou is an exception as its trade capacity and transportation infrastructure provide services to the PRD and even the whole country. The impact of the service economy on the development of manufacturing in Guangzhou is reduced. After the economic crisis, the impact of production capability decreased slightly, reflecting its impact on the labor market; spatially, the impact presented a transmission effect from core cities, such as Guangzhou and Shenzhen, to sub-core cities, such as Foshan, Dongguan and Huizhou, indicating the division of manufacturing functions in the smaller regions. The impact of foreign investment is also different during different time periods, but there are two types. After 2010, the impact of foreign investment increased significantly. Because more foreign firms targeted the Chinese market after the crisis, the impact of foreign investment promoted the development of manufacturing in the non-core cities such as Foshan, Zhongshan and Zhuhai. On the other hand, China’s continuous opening-up policy has allowed foreign investment to enter China’s medium-high-tech industries, which has impacted most significantly on Dongguan and Shenzhen.



As for policy, cities such as Zhuhai and Huizhou which have an advanced industrial structure but only reach a relatively low scale should give more attention to the relationship between the structure and scale of the manufacturing. When the scale of industry reaches a certain level, the investment in R & D and other aspects will be more effective. Due to the complex interconnection and transmission effect between cities, when local governments are formulating urban planning and attracting investment, they should not only analyze the city’s own technological foundation but also consider the socio-economic background and industrial foundation of adjacent cities. The government need to make use of the spillover effect from the supply chain foundation, R & D capacity and service economy of surrounding cities to form an industrial path with regional technological cohesion. Furthermore, considering the 4th industrial revolution and the servitization of manufacturing, local authorities should balance the manufacture and service economy from a firm perspective. Industry 4.0 technology causes the boundary between manufacture and service to be porous. Therefore, policies should be targeted to attract and support the firms and institutions concerning industry 4.0 technology and encourage the incumbent firms to absorb the new technology to promote productivity.







Author Contributions


Conceptualization, X.L. and D.X.; methodology, X.L. and Y.T.; software, X.L.; formal analysis, X.L.; resources, X.L., Y.T. and D.X.; data curation, X.L.; writing—original draft preparation, X.L.; writing—review and editing, Y.T. and D.X.; visualization, X.L. and Y.T.; funding acquisition, D.X. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Science Foundation of China, grant number: 41930646.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Table] 





Table A1. Specific industries covered by different categories.
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	Type
	Two-Digit Level of Industrial Classification in Manufacturing





	Low-tech

industries
	13 Agricultural and sideline food processing industry

14 Food Manufacturing

15 Wine, Beverage and Refined Tea Manufacturing

16 Tobacco Industry

17 Textile Industry

18 Textile and Apparel and Apparel Industry

19 Leather, fur, feathers and their products and footwear

20 Wood processing and wood, bamboo, rattan, palm and grass products industry

21 Furniture manufacturing

22 Paper and Paper Products Industry

23 Printing and Recording Media Copying Industry

24 Culture, Education, Industry, Sports and Entertainment Products Manufacturing

41 Other manufacturing



	Medium-tech

industries
	25 Oil, coal and other fuel processing industries

28 Chemical Fiber Manufacturing

29 Rubber and plastic products industry

30 Non-metallic mineral products industry

31 Ferrous metal smelting and rolling processing industry

32 Non-ferrous metal smelting and rolling processing industry

33 Metal Products Industry



	High-tech

industries
	26 Chemical raw materials and chemical manufacturing

27 Pharmaceutical Manufacturing

34 General Equipment Manufacturing

35 Special Equipment Manufacturing

36 Automotive Manufacturing

37 Railway, shipbuilding, aerospace and other transportation equipment manufacturing

38 Electrical Machinery and Equipment Manufacturing

39 Computer, communications and other electronic equipment manufacturing

40 Instrumentation Manufacturing
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Figure 1. Location of the Pearl River Delta in China. 
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Figure 2. Level of development of the manufacturing of the cities in different years. 
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Figure 3. Level of the GTWR coefficient of R & D on the development of manufacturing in different years. 
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Figure 4. Level of the GTWR coefficient of service economy on the development of manufacturing in different years. 
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Figure 5. Level of the GTWR coefficient of production capability on the development of manufacturing in different years. 






Figure 5. Level of the GTWR coefficient of production capability on the development of manufacturing in different years.



[image: Land 11 00625 g005]







[image: Land 11 00625 g006 550] 





Figure 6. Level of the GTWR coefficient of foreign investment on the development of manufacturing in different years. 
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Table 1. The dominant factors of principal components of driving factors.
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Principal Component

	
Indicators

	
Measurement

	
Core Meaning






	
    X 1    

	
TOG

	
Turnover of goods

	
Service economy




	
SWR

	
Total sales of good in wholesale and retail trade in each city




	
PWR

	
Total purchases of goods in wholesale and retail trade in each city




	
LLF

	
Loans in local and foreign currencies from Chinese and foreign financial institutions




	
    X 2    

	
RDI

	
R & D expenditures of the industrial firms

	
R & D




	
PGI

	
Numbers of patents granted of the industrial firms




	
    X 3    

	
LPI

	
labor productivity of the industrial firms

	
Production capability




	
CFM

	
the amount of capital invested in the fixed assets of manufacturing




	
    X 4    

	
FCU

	
the amount of foreign capital actually utilized

	
Foreign investment




	
FCUM

	
the amount of foreign capital actually utilized by manufacture
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Table 2. Relevant parameters of GTWR.






Table 2. Relevant parameters of GTWR.





	No.
	Parameter
	Value





	1
	Bandwidth
	0.118859



	2
	Residual sum of squares
	0.044256



	3
	Residual estimate standard deviation
	0.01568



	4
	AICc
	−824.315



	5
	    R 2    
	0.991926



	6
	   A d j u s t e d    R 2    
	0.991742



	7
	The spatiotemporal distance ratio
	0.496778
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