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Abstract

:

Understanding the spatial differences and evolutionary characteristics of urban economy and exploring the impact of industrial agglomeration and industrial proximity on urban economic convergence are the bases for scientifically formulating policies for coordinated regional economic development. This study used QGIS 3.10.10 software and the Theil index to analyze the spatial distribution characteristics and regional disparities of urban economy. Then, a spatial econometric model was constructed to analyze the convergence and influencing factors of Guangdong’s urban economy. The results indicate that from 2006 to 2020, Guangdong’s urban economy grew rapidly and the degree of economic agglomeration gradually weakened, but its economic pattern always maintained the “Core-Edge” structural feature. The interval disparities between the Pearl River Delta Urban Agglomeration (PRD) and the edge area have always been greater than the intra-regional disparities, so they are main source of disparities in Guangdong. In Guangdong’s urban economy, σ-convergence and β-convergence coexist. The conditional β-convergence rate is 0.96~1.53%, and the half-life cycle is 45.4~72.36 years. Compared to the PRD, the economic disparities in the edge area are smaller but the convergence speed is faster and the half-life cycle is shorter. Both industrial agglomeration and industrial proximity have a significant impact on the economic convergence of Guangdong’s cities. Among them, industrial agglomeration has a positive impact, while industrial proximity has a negative impact. There is spatial heterogeneity in the impact of industries on economic development. Industrial agglomeration has a positive impact on the overall economic development of Guangdong, but it is not significant within the regions. Industrial proximity has significant negative externalities in the PRD region, and its impact is not significant in the edge area.
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1. Introduction


Unbalanced regional economic development is one of the prominent problems that have long existed in China’s economic development [1]. Therefore, as a geographical phenomenon of unbalanced development, regional growth disparity has always been the focus of academic and political circles [2]. At present, China’s economy is in a transition period from high-speed growth to high-quality development. The 19th National Congress of the Communist Party of China proposed firmly implementing the strategy of regional coordinated development and establishing a more effective new mechanism for regional coordinated development. Objectively describing the current situation of regional economic disparities and convergence is the basic premise for formulating positive policies to enhance regional development coordination.



The economic convergence hypothesis provides a description for the less developed regions to narrow the gap with the developed regions [3]. If convergence is established, then the gap between the rich and the poor will be narrowed. Scholars mostly acknowledge that China’s global economy has gone through a process of “convergence divergence convergence” [4,5]. There are club convergence characteristics in the regional differences divided by the east, middle, west, or north and south [4,5]. The difference in economic development is ultimately caused by the disparity in the allocation and utilization of production factors between regions. But the flow and allocation of production factors not only depend on the price adjustment mechanism of the factor market but also on the industrial organization mode and characteristics within a specific industry. With the rapid growth of the Chinese economy, the urban industrial structure has also undergone significant adjustments, and regional layout is undergoing drastic changes. In the process of changing the industrial layout, due to the increasing returns to scale and positive external economic benefits, some regions have become the “centers” of industrial agglomeration due to their superior conditions. Therefore, the formation and evolution mechanism of industrial agglomeration will definitely have an impact on economic convergence and may even become a decisive factor in the change of regional disparities. There are two different views on the understanding of agglomeration economies in existing research. Some scholars believe that the current urban scale of China is still insufficient, and there is still much room for improvement in the level of agglomeration [4,6,7]. Agglomeration externalities have significant spatial spillover effects, which help to narrow regional economic disparities [8]. Another scholar believes that negative effects of agglomeration on the economy have emerged, the scale of megacities should be controlled, and the investment in small and medium-sized cities should be increased [9]. With the continuous subdivision of industries, scholars are not only concerned about the agglomeration characteristics of individual industries but also the co-location of industries [10]. Forming a reasonable industrial spatial division of labor pattern is also the key to coordinated development among cities. For a long time, scholars at home and abroad have been actively exploring how to promote the improvement in overall economic efficiency by guiding the adjustment of industrial structure. However, there is still controversy over whether cities should adopt industrial division policies or homogenization positioning strategies [11]. One viewpoint holds that the convergence of industrial structures within a region is a manifestation of vicious competition among industries within the region, and it is viewed negatively [12,13]. There is also a view that the convergence of regional industrial structures also has a “desirable” convergence [14]. The index of industrial structure similarity between regions reflects the level of industrial integration in the region [15,16]. The economic growth is not isolated in geographical space, and there is a flow of factors and spatial interaction between regions [17]. The increasing industrial connections between cities have made spatial spillover an important driving force for narrowing regional economic disparities [18,19,20]. Therefore, it is necessary to consider spatial spillover effects in economic convergence research.



Previous studies have typically used industrial agglomeration or industrial proximity as the explanatory variable, examining the impact of transportation, population, and natural resources on industrial agglomeration or inter-urban industrial structure similarity. There are few studies on the role of industrial agglomeration and industrial proximity in regional economic convergence. In this context, the main objective of this study is to reveal the impact of industrial agglomeration and convergence of industrial structure on economic convergence. In view of this, this study uses panel data from 21 cities in Guangdong from 2006 to 2020. First, various indexes are used to measure the spatial distribution characteristics and regional differences of urban economies. Secondly, a spatial econometric model is constructed to test the role of industrial agglomeration and convergence of industrial structure on regional economic convergence. The marginal contributions are as follows: (1) using the index method combined with spatial econometric models to reveal the economic differences and convergence of Guangdong’s cities; (2) revealing the mechanism of industrial agglomeration and convergence of industrial structure on regional economic convergence.




2. Theoretical Mechanism and Research Hypothesis


2.1. Industrial Agglomeration and Regional Economic Convergence


Industrial agglomeration is a form of regional industrial organization, and localized growth induced by industrial agglomeration in spatial economics has attracted widespread attention. Industrial agglomeration plays an important role in economic growth [4]. The scale effect brought by industrial agglomeration can reduce production costs and achieve increasing economic returns. The agglomeration region thus obtains positive externalities and develops faster economically. At this point, the agglomeration region will produce a “centripetal force” that attracts further agglomeration of factors and further expands regional differences. When the agglomeration exceeds a certain level, the exclusiveness of the market begins to emerge, and fierce market competition will cause certain crowding-out effects for enterprises. The “crowding-out effect” leads to industrial migration, which produces a “centrifugal force”. In the process of industrial migration, it is accompanied by the flow and diffusion of factors such as capital, technology, and human capital, which has a spillover effect on the surrounding region and is conducive to narrowing the gap in regional economic development. In view of this, we propose the following hypothesis:



H1. 

Industrial agglomeration can have a significant impact on regional economic convergence. When the “centripetal force” is stronger than the “centrifugal force”, industrial agglomeration will have a negative impact on regional economic convergence (H1a). When the “centrifugal force” is stronger than the “centripetal force”, industrial agglomeration will have a positive impact on regional economic convergence (H1b).





In addition, the gradient differences in the relative abundance of factors such as capital, technology, and human resources are the basis for the transfer, undertaking, and collaboration of industries in various regions. Therefore, we propose the hypothesis that:



H2. 

The promotion effect of industrial agglomeration on economic convergence is stronger in regions with large economic development differences.






2.2. The Convergence of Industrial Structure and Regional Economic Convergence


Industrial proximity refers to the phenomenon where the structural characteristics of industries, such as types and scale ratios, are similar among cities in a region [21]. Different cities within a region, excluding their special endowment resources, often have similar factor endowment structures. Similar endowment structures lead to similar comparative advantages, which in turn lead to the development of similar industries in various regions, resulting in industrial convergence. In this case, regional integration development will inevitably lead to industrial convergence [21]. Through imitation learning, industrial convergence can not only strengthen the positive externalities of technology but also bring late-mover advantages to less developed regions [22,23]. Therefore, it can bring positive spatial spillover effects [21]. There are also views that industrial convergence brought about by redundant construction and vicious competition will hinder economic development [24,25]. In view of this, we propose the hypothesis that:



H3. 

Industrial proximity can have a significant impact on regional economic growth. Industrial proximity brings positive externalities and promotes regional economic convergence (H3a). When industrial proximity leads to vicious competition, it will have a negative effect on regional economic convergence (H3b).







3. Overview of the Study Area and Materials


Guangdong is located in the south of China’s Nanling Mountains on the coast of the South China Sea. It is one of the earliest provinces to have undergone reform and opening up and one of the most economically dynamic provinces in China. Since 1989, Guangdong’s economic aggregate has ranked first in China—more than 30 years. The Pearl River Delta Urban Agglomeration (PRD) in Guangdong Province is one of the most influential urban agglomerations in China and plays an important leading role in Guangdong’s economic development. According to statistics, about 80% of the contribution of Guangdong’s Gross Domestic Product (GDP) comes from the PRD. In 2020, the GDP of the PRD was as high as CNY 8.94 trillion and the per-capita GDP was CNY 114,429, which are 4.22 times and 2.59 times those of the edge area. In addition, the PRD region is also one of the most important industrial agglomeration areas in China. The “core-edge” agglomeration economic pattern in the PRD and its surrounding areas is typical and representative. Therefore, we chose Guangdong as the research area to conduct research on industrial and economic convergence.



This study used the socio-economic data of 21 prefecture-level cities in Guangdong Province from 2006 to 2020. Among them, the data of GDP, resident population, area, government budget expenditure, fixed asset investment, foreign direct investment (FDI), research and development (R&D) expenditure, R&D personnel, number of industrial enterprises and added value of industrial sub-industries of each city were from the Guangdong Statistical Yearbook from 2007 to 2021 (http://stats.gd.gov.cn/gdtjnj/, accessed on 3 May 2023). The vector data of Guangdong city administrative divisions in 2019 come from the National Geographic Information Center (https://www.webmap.cn/main.do?method=index, accessed on 20 March 2021).The shortest driving time between cities in Guangdong is from the search results of Baidu Map (https://map.baidu.com/, accessed on 21 June 2021).




4. Methods


4.1. Regional Difference Analysis


The Theil coefficient can measure the gap of regional economic level. The higher the value is, the greater the regional economic difference is; otherwise, the smaller the economic difference is [26]. The formula is expressed as follows:


  T L =  1 n    ∑   i = 1  n     y i   μ  l n    y i   μ  ,  



(1)




where   T L   is the overall Theil index, n is the number of cities,  μ  is the average per-capita GDP of the cities, and    y i    refers to the per-capita GDP of city i.



The Theil coefficient can be further decomposed into interval disparities (Tb) and intra-regional disparities (Tw), enabling a more accurate identification of the sources of regional disparities [27]. The formula is expressed as follows:


     T L =  T b  +  T w       T b  =   ∑  k = 1  n      n k   n    ×    n k   μ  × ln    n k   μ       T w  =   ∑  k = 1  n      n k   n    ×    n k   μ  (  1 n    ∑  i ∈ g k  n      y i     y k      ln    y i     y k    ) =   ∑  k = 1  n      n k   n    ×    y k   μ  × T (  y k  )    ,  



(2)




where    y k    and    n k    refer to the average and quantity of per-capita GDP of the  k -th group of cities, respectively. In this article, cities in Guangdong Province were divided into two groups: the PRD and the edge area. Among them, the PRD includes Guangzhou, Shenzhen, Dongguan, Huizhou, Foshan, Jiangmen, Zhongshan, Zhuhai, and Zhaoqing; the edge area includes Shantou, Shaoguan, Heyuan, Meizhou, Shanwei, Yangjiang, Zhanjiang, Maoming, Qingyuan, Chaozhou, Jieyang, and Yunfu.




4.2. Industry Analysis


4.2.1. Industry Agglomeration


The geographic agglomeration degree is used to characterize industry agglomeration. It is often used to reflect the degree of imbalance in the spatial distribution of regional economic factors [28]. The formula is expressed as follows:


   R     it     =    X  i t      Y  i t     ,  



(3)




where    R  i t     denotes the geographical concentration of economic factors in unit  i  at time  t ;    X  i t     represents the proportion of GDP in the unit  i  at time  t ; and    Y  i t     represents the proportion of the total area of the region in the unit  i  at time  t .




4.2.2. Industrial Proximity


Industrial proximity (  I P  ) is characterized by the industrial structure similarity coefficient. In 1979, the International Industrial Research Center of the United Nations Industrial Development Organization (UNIDO) proposed a structural similarity coefficient, which was used to measure the industrial structure similarity of countries to measure the degree of industrial proximity [29]. The formula is expressed as follows:


     I  P  i j    =  {          ∑  k = 1  n   (  X  i k    X  j k   )         ∑  k = 1  n    X  i n  2    ∑  k = 1  n    X  j k  2                    ( i ≠ j )              0                                            ( i = j )             I  P i  =   ∑  j = 1  m    S  i j               ( i ≠ j )    ,  



(4)




where   I  P  i j     is the industrial proximity coefficient of  i  city and  j  city.    X  i k     and    X  j k     represent the proportion of industrial added value of  k  industry to the industrial added value of city  i  and city  j , respectively.    X  i k     represents the proportion of  k  industry added value in industrial added value in city  i .    X  j k     represents the proportion of  k  industry added value in industrial added value in city  j .   I  P i    represents the industrial proximity between city  i  and other cities within the study area.  m  represents the number of cities;  m  = 21.  n  is the classification number of industrial industries. From 2006 to 2010,  n  = 39; from 2011 to 2020,  n  = 41.





4.3. Spatial Autocorrelation


The existence of significant spatial agglomeration is a prerequisite for empirical research using spatial econometric models. The spatial autocorrelation index is a common tool for measuring the spatial correlation of values. The global Moran’s I index is calculated as follows:


    I =     ∑  i = 1  n     ∑  j = 1  n    W  i j   (  X i  −  X ¯  )   (  X j  −  X ¯  )      S 2    ∑  i = 1  n     ∑  j = 1  n    W  i j         ,   and      S 2  =  1 n    ∑  i = 1  n     (  X i  −  X ¯  )  2       



(5)




where the range of I is [−1, 1];    X i    and    X j    are the attribute values of regions i and j;   X ¯   is the average of the attribute values; n is the number of units studied;    W  i j     is the spatial weight; and  S 2 is the variance of the attribute values.




4.4. Economic Convergence Model


4.4.1. σ-Convergence


The σ-convergence represents the process of regional economic disparities narrowing over time [30]. Referring to the practice of predecessors [31], this paper used the time series change trend in the standard deviation of the logarithm of per-capita GDP to judge whether there is convergence.


   σ t  =    1 n    ∑   i = 1  n     (  l n  D  i t   −  1 n    ∑   i = 1  n  l n  D  i t    )   2    ,  



(6)




where i and  t  are city and year, respectively.   l n D   represents the logarithm of per-capita GDP.    σ t    is the  t -year convergence coefficient  σ  value. If the    σ t    value shows a trend of convergence year by year, there is  σ -convergence.




4.4.2. β-Convergence


	
β-convergence and conditional β-convergence






The β-convergence judges whether there is convergence by observing the relationship between the urban economic growth rate and base period level [32]. If there is a significant negative correlation between the economic growth rate and the base period level, it means that the economic growth rate of underdeveloped areas is higher than that of developed areas, and the economy of the study area has β-convergence. The β-convergence can be divided into absolute β-convergence and conditional β-convergence [32,33].



The conditional β-convergence means that the region will be in a state of convergence when controlling other influencing factors, while the absolute β-convergence indicates that the region will also be in a state of convergence without controlling these factors [34]. The absolute β-convergence formula is expressed as follows:


   1 T  ln (    D  i , t + T      D  i , t     ) = α + β ln  D  i , t   +  ε  i , t   ,  



(7)







The control variables affecting economic development are added to Formula (7) to construct a conditional β-convergence model. The formula is expressed as follows:


   1 T  ln (    D  i , t + T      D  i , t     ) = α + β ln  D  i , t   + θ  X  i , t   + θ  Z  i , t   +  ε  i , t   ,  



(8)




where    D  i , t     represents the per-capita GDP of city  i  in period  t , and    D  i , t + T     is the per-capita GDP at the end of the period. It represents the growth rate of per-capita GDP of city  i  in period  T , and   T = 1   in the regression; that is, the annual growth rate of per-capita GDP is a constant term and an error term. If it is significantly less than 0, it indicates that the urban economy has convergence.  θ  is the regression coefficient of the variables.  X  and  Z  are the core variables and control variables, respectively (Table 1). The core variables include industrial agglomeration ( R ) and industrial proximity (  I P  ). They have significant impacts on economic development, but their mechanisms of action are not yet clear. The control variables include investment (Inves), foreign direct investment (FDI), research and development (R&D) and government fiscal expenditure (fiscal). Investment and FDI are important influencing factors for regional economic growth [35,36]. As the foundation and key pillar of national governance, fiscal expenditure plays a positive role in improving economic efficiency and balancing regional development [37]. R&D can significantly promote industrial structure upgrading and is also an important driving force for economic growth [38].  ε  is a random error term. To avoid heteroscedasticity, both the dependent variable and the independent variable are taken as logarithms.



	2.

	
Conditional space β-convergence







In the process of regional economic convergence, spatial factors play an important role [39,40]. In order to avoid the bias of the estimation results, it is necessary to introduce spatial factors on the basis of the β-convergence model. The spatial autoregression model (SAR), spatial error model (SEM) and spatial Durbin model (SDM) are three commonly used spatial econometric models. The SAR model assumes that the explained variables affect regional economic growth through spatial interaction. The SEM represents the influence of error term transmission on economic growth. The SDM model considers both the spatial interaction of explanatory variables and the conduction of the error term [41].



SAR is added into the β-convergence framework, and it can be expressed as follows:


   1 T  ln (    D  i , t + T      D  i , t     ) = α + β ln  D  i , t   + ρ W ln (    D  i , t + T      D  i , t     ) + θ ln  X  i , t   + θ ln  Z  i , t   +  ε  i , t   ,  



(9)







SEM is added into the β-convergence framework, and it can be expressed as follows:


      1 T  ln (    D  i , t + T      D  i , t     ) = α + β ln  D  i , t   + θ ln  X  i , t   + θ ln  Z  i , t   +  ε  i , t        ε  i , t   = λ W  ε  i , t   +  μ  i , t      ,  



(10)







SDM is added into the β-convergence framework, and it can be expressed as follows:


   1 T  ln (    D  i , t + T      D  i , t     ) = α + β ln  D  i , t   + θ ln  X  i , t   + θ ln  Z  i , t   + ρ W ln (    D  i , t + T      D  i , t     ) + δ W ln  D  i , t   + θ W ln  X  i , t   + θ W ln  Z  i , t   +  ε  i , t   ,  



(11)




where    D  i , t     represents the per-capita GDP of city  i  in period  t ;  α  is a constant term.  θ  is the regression coefficient of the variables.  X  and  Z  are the core variables and control variables, respectively (Table 1).  β  is the regression coefficient of the model. If  β  < 0, it shows that the per-capita GDP of Guangdong’s cities has convergence characteristics. The  ρ  is a spatial autoregressive coefficient, which is used to measure the spatial spillover effect of the explained variable.  δ  is the coefficient of spatial interaction term, which represents the spatial spillover effect of explanatory variables.  λ  is the spatial error effect coefficient.  μ  and  ε  are random error terms, which are independent and identically distributed.  W  is the spatial weight matrix. To avoid heteroscedasticity, logarithms are taken for both the dependent and independent variables.



	3.

	
Spatial weight matrix







We constructed spatial weight matrixs based on geographic distance and time distance, respectively. The spatial distance weight matrix takes the reciprocal of the spatial distance between cities as the weight of the spatial matrix. The formula is as follows:


   w  i j  1  =  {      0                              (  i = j  )        1 /  d  i j                (  i ≠ j  )      ,    



(12)




where    W 1     i , j     is the inverse distance space weight matrix, and    d  ij     is the distance between cities  i  and  j .



The construction of a time distance weight matrix is related to the shortest driving time between cities, which is expressed as:


   w  i j  2  =  {      0                              (  i = j  )        1 / m i n  (   t  i j    )               (  i ≠ j  )      ,    



(13)




where    W 2     i , j     is the time distance weight matrix, and   m i n (  t  ij   )   is the shortest driving time between cities  i  and  j .



	4.

	
Convergence rate and half-life year







According to the estimated value of the regression coefficient  β  of the convergence model, the convergence rate ( θ ) and half-life year ( τ ) can be calculated.  θ  and  τ  can be expressed, respectively, as:


    θ = − log ( 1 + β ) / T     τ = ln ( 2 ) / θ    , 



(14)




where  θ ,  τ ,  β , and  T  are the convergence rate, half-life year, regression coefficient, and sample period, respectively. The unit of the half-life year and sample period is years.






5. Results


5.1. Analysis of the Spatial Distribution Characteristics and Regional Disparities of Urban Economy


In order to intuitively reflect the spatial distribution characteristics of urban economy in Guangdong, this paper used QGIS 3.10.10 software to divide the per-capita GDP of 21 cities in Guangdong from low to high in 2006 and 2020 into five groups: “lowest”, “lower”, “medium”, “higher”, and “highest” (Figure 1). The spatial distribution of per-capita GDP in Guangdong’s cities shows a “core-edge” structure, and the imbalance of regional development is significant. For 2020, the cities with per-capita GDP in the “higher” and “highest” groups are basically located in the PRD, while the cities in the “medium”, “lower”, and “lowest” groups are distributed in the edge area. Most of the cities along the Pearl River have good port conditions to facilitate import and export trade. The original economic foundation is good, the industrialization process is fast, and the scientific and technological innovation is at the forefront of the country, making the economic development level of the PRD superior. The economy of the edge area has also made different degrees of progress. Except for Meizhou and Jieyang, other cities have been separated from the “Lowest” group, and cities such as Yangjiang, Shantou, and Maoming have also entered the “Medium” group. The economic development of the edge area shows that there is an economic spillover phenomenon in Guangdong’s cities. In addition, the number of cities in the “Medium”, “Lowest”, and “lower” groups accounts for more than half of the province, indicating that Guangdong’s urban economy as a whole is at a low level. This corresponds to the basic national conditions that China is still the world’s largest developing country, and the overall industrial chain is at the low-end level. Compared with 2006, the number of cities in the groups of “Highest”, “Higher”, “Medium”, and “Lower” in 2020 increased by 5, 3, 2, and 6, respectively, and the “Lowest” group decreased by 15. The number of cities in the highest and higher groups increased significantly, indicating that the economic growth rate of Guangdong’s cities was faster.



The phenomenon that the economic growth of regional or spatial units with the same or similar economic conditions and structural characteristics eventually tends towards their respective steady states is called club convergence. The Theil index was used to measure the economic development disparities in Guangdong. Based on the two groups of the PRD and the edge area, the Theil index was further decomposed into the interval difference (Tb) and the intra-regional difference (Tw), and whether there is club convergence was judged. From 2006 to 2020, the TL of Guangdong’s urban per-capita GDP continued to shrink from 0.269 to 0.126 (Table 2). This shows that the difference in urban economic development in Guangdong is narrowing. The values of Tb and Tw continue to shrink, indicating that the development disparities between the PRD and the edge area and the development disparities within the two regions are shrinking. Tb is always greater than Tw, which indicates that the interval gap has long been the main source of economic disparities in Guangdong.




5.2. Analysis of Urban Economic Spatial Convergence in Guangdong


Preliminary Study on Economic Convergence


The standard deviation of per-capita GDP is used to reflect the  σ -convergence of urban economy in different regions of Guangdong. From 2005 to 2020, the standard deviation coefficient (SD) of per-capita GDP continued to shrink, indicating that there is σ-convergence in Guangdong (Figure 2). In terms of regions, the convergence trend in the PRD and the edge area is similar to that of Guangdong. From 2005 to 2020, the SD values of the PRD and the edge area decreased by 30.45% and 35.02%, respectively. The SD of the PRD is larger, but the decline is smaller, while the edge area is the opposite. It can be seen that the urban disparities in the PRD are larger but the convergence speed is smaller, and the urban disparities in the edge area is smaller, but the convergence speed is faster.



	
The selection of a spatial econometric model






Geoda 1.18 software was used to test the spatial autocorrelation of urban per-capita GDP in Guangdong from 2006 to 2020. The results show that the global Moran’s I of per-capita GDP in Guangdong’s cities is greater than 0.47, and the statistical  Z  value is greater than 3.6, and all pass the 1% significance level test (Table 3). It shows that the urban economy of Guangdong presents the distribution characteristics of spatial positive correlation, and there is spatial agglomeration between cities with similar per-capita GDP levels. The Moran’s I values of    W 1    and    W 2    showed a decreasing trend, indicating that the spatial agglomeration characteristics of the urban economy in Guangdong continued to weaken.



The urban economy in Guangdong presents a spatial positive correlation distribution feature, and if spatial factors are not taken into account when conducting convergence analysis, it may lead to bias in the results. Drawing on previous research [38] to select the model, we note the following: On the one hand, the LM and robust LM statistics of SAR and SEM were both significant at the 1% level (Table 4), indicating that SDM has the best fitting effect. In addition, combining Hausman, it was found that the Walds statistics of SAR and SEM also passed the 10% significance test (Table 4), rejecting the hypothesis that the model can simplify. This means that the two spatial transmission mechanisms included in SDM cannot be ignored in terms of their impact on economic growth. The Hausman test results rejected random effects (Table 4), so we selected the SDM fixed effects model.



	2.

	
Robustness testing







Using the time distance weight matrix (   W 2   ) for spatial econometric analysis, the geographic distance weight matrix (   W 1   ) was used in robustness tests for comparison. The results show that although there were some disparities in the size of the variable estimation coefficients, the direction and significance did not change fundamentally, in particular   β   and  ρ , which are always strongly significant (Table 5 and Table 6). These indicate that the model design of this study is feasible and the results are robust.



When using SDM for analysis, Wald statistic testing is required to demonstrate the applicability of the model. The Wald spatial lag and Wald spatial error statistics corresponding to the    W 1    and    W 2    both passed the significance test (Table 4), indicating that using SDM is appropriate.



	3.

	
Space β-Convergence analysis







The test results of the absolute space β-convergence model are shown in Table 4. The  ρ  corresponding to the two spatial weight matrices is significantly positive, which indicates that there is a significant positive spatial effect in Guangdong’s urban economy. The  ρ  of    W 2    is greater than    W 1   , indicating that economic spillovers between cities with close temporal distance is stronger than that of geographical distance.



The convergence coefficients of    W 1    and    W 2    are both significantly negative, indicating that there is absolute β-convergence in the per-capita GDP of Guangdong’s cities. The economically backward cities show a catch-up trend with the leading cities. According to Formula (14), the   θ   and   τ   can be calculated (Table 5). The convergence rate of    W 1    and    W 2    is between 0.29% and 0.41%, and the half-life year is between 167.21 and 238.51 years. This shows that the absolute convergence rate of per-capita GDP in Guangdong’s cities is relatively low, the half-life year is long, and the economic disparities will exist for a long time. A regional comparison shows that the absolute value of convergence coefficient and convergence speed in the edge area is larger than that in the PRD, and the half-life year is shorter. Therefore, the convergence trend in urban economic development disparities in the edge area is stronger than that in the PRD.



Overall, the per-capita GDP of Guangdong’s cities has an absolute convergence trend, but the convergence cycle is relatively long, and the current situation of unbalanced economic development will not change in a short period of time. There are disparities in the convergence of different regions, and the convergence trend in the edge area is stronger than that of the PRD.



Considering the influence of industrial agglomeration ( R ), industrial proximity (  I P  ), investment (  Inves  ),   FDI  ,   R & D  , and fiscal, the conditional space β-convergence model was used to test the spatial convergence of per-capita GDP in Guangdong. The results are shown in Table 5. The  β  of    W 1    and    W 2    is significantly negative, and the absolute values are greater than the absolute space convergence (Table 5 and Table 6). It shows that when setting variables, the urban economy of Guangdong still has convergence, and the convergence intensity is greater. This once again proves the convergence of the urban economy in Guangdong. The convergence speeds ( θ ) of    W 1    and    W 2    are 0.96% and 1.53%, respectively, and the half-life ( τ ) is between 45.4 and 72.36 years (Table 6). The conditional convergence trend is stronger than the absolute convergence. Barro et al. (1991) considered a convergence rate of 2% and half-life year of 35 years to be typical features of cross-regional economic convergence research [42]. Wenqing P. (2010) calculated that the economic convergence rate of Eastern, Central and Western China is only 1.15%, and the catch-up cycle is 60.4 years [43]. The speed and period of conditional convergence in our study are close to the above research results, which indicates that the estimation results of the conditional β-convergence model are more robust and reliable. A regional comparison shows that the absolute values of  β  and  θ  in the edge area are greater than those in the PRD, and the  τ  is shorter, which again shows that the conditional convergence trend in the edge area is stronger.



In    W 2   , the regression coefficients of industrial agglomeration (  l n R  ) are significantly positive, indicating that industrial agglomeration has positive externalities.Convenient transportation between cities can contribute to economic spillover. Hypothesis (H1a) is validated. The regression coefficient (  l n I P  ) and spatial lag coefficient (  W × l n I P  ) of industrial proximity are significantly negative, indicating that industrial proximity has a negative impact on the local economy and the economic development of neighboring regions. Hypothesis (H3b) is validated. The regression coefficients of   l n I n v e s  ,   l n R & D  , and   l n F i s c a l   in Guangdong are all positive. Among them, the coefficient of   l n F i s c a l   is the largest. It shows that investment, R&D and fiscal have a positive effect on urban economic convergence, and fiscal has the greatest effect. The coefficients of lnFDI are all negative, indicating that the growth of FDI is not conducive to Guangdong’s economic convergence. FDI is more profit-driven and often gathers in areas with superior geographical conditions and fast investment returns, resulting in higher spatial differentiation. Yang et al. (2015) demonstrated the positive impact of fiscal expenditure on economic development [37]. As an important means of government intervention in the economy, fiscal plays an important role in optimizing resource allocation and strengthening macro-control. The coefficients of lnInves and lnfiscal are larger in the PRD than in the edge area, indicating that investment and fiscal have a more positive impact on the economic convergence of the PRD. The coefficient of lnFDI is significantly negative in the edge area, but not significant in the PRD, indicating that FDI has a greater negative impact in the edge area. As shown in Figure 1, there is a gradient difference in the economic level between the PRD and edge area, and the urban economic levels within the two regions are relatively similar. The coefficient of industrial agglomeration in the PRD and edge area is not significant, but it is significantly positive throughout Guangdong Province. This indicates that the “squeezing effect” generated by industrial agglomeration occurs between the PRD and edge area. The economic spillovers brought about by industrial agglomeration occur between regions with significant economic gradients, and hypothesis (H2) is validated.






6. Discussion


6.1. Understanding Regional Economic Disparities and Convergence


The per-capita GDP among Guangdong’s cities exhibits substantial variations, yet notable spatial convergence is observed. The phenomenon of economic convergence suggests that it is feasible to foster coordinated regional development and narrow the regional development disparity. The decomposition of the Theil index further indicates that the main source of the overall gap in Guangdong is the development gap between the PRD and the edge area. Consequently, the key to addressing the heterogeneity issue in Guangdong’s urban economic development is to narrow this gap. Fortunately, not only is there a convergent trend within the more developed PRD and the less developed edge area themselves, but the disparities between the two regions are also narrowing. In recent years, Guangdong Province has actively broken through the limitations of administrative divisions, experimented with cross-regional economic cooperation, and established many successful examples of an enclave economy [44,45], for instance, the Guangdong Shenshan Special Cooperation Zone, the Guangdong Shunde Qingyuan (Yingde) Industrial Park, and the industrial park jointly established by Jiangsu Sunan and Subei. The cooperation model of an “enclave economy” has achieved remarkable results in promoting coordinated regional development [46]. Therefore, there is no phenomenon of underdeveloped areas converging into the “poverty trap” in Guangdong’s economy. As one of the most unbalanced provinces in China’s regional development, Guangdong’s urban economy has maintained a spatial convergence trend over the past decade, demonstrating that China’s regional development model is uniquely inclusive.




6.2. The Spatial Spillover Effect and Economic Convergence


Cities serve as spatial platforms for human economic activities. The interplay among cities serves as a pivotal driving force in reducing regional development disparities and fostering coordinated regional development [47,48]. We incorporated factors such as geographical distance and spatial adjacency to provide a richer perspective on examining spatial spillover effects. Our research confirms that Guangdong’s urban economy has significant spatial spillover effects and convergence. Meanwhile, we found that regions with strong spatial spillovers do not necessarily have stronger convergence, as spatial convergence is not only influenced by spatial spillovers but also by economic factors. The spatial spillover effect of the PRD is stronger than that of the edge area, but the negative externalities brought about by industrial proximity in the region are also significantly stronger than those in the peripheral areas. Under the comprehensive influence of spatial effects and industrial proximity, the convergence speed of the PRD is weaker than that of the edge area.




6.3. The Impact of Industry on Economic Convergence


We used spatial econometric models to reveal the impact of industrial agglomeration and industrial proximity on Guangdong’s economic development, which is not easily discernible through traditional index methods. Industrial agglomeration and industrial proximity have both had significant impacts on economic convergence. Industrial agglomeration in the PRD region has already had a “crowding-out effect”. The “crowding out effect” triggers industrial migration and the flow of labor, capital, and other factors, resulting in economic spillovers to the surrounding areas, which is conducive to narrowing the regional development gap. However, the convergence of industrial structure shows a significant negative value, indicating that it has a hindering effect on economic growth. One potential reason is that the convergence of industrial structure can easily lead to vicious competition, which is not conducive to economic development. We further discovered regional differences in the impact of industrial proximity on the economy. The similarity of industries between cities in the PRD and other cities will have adverse effects on their own economic development, while the edge area will have adverse effects on the economies of other cities. This may be due to the central cities with obvious industrial advantages in the PRD, while competition in other cities is relatively weak. The specific reasons need further research in the future.





7. Conclusions


This study examined the spatial distribution characteristics and regional differences of the urban economy in Guangdong. Then, a spatial econometric model was constructed to analyze the convergence and influencing factors of Guangdong’s urban economy. The research conclusions are as follows:



(1) The spatial layout of Guangdong’s urban economy exhibits a pronounced “core-periphery” structure, with pronounced regional disparities. Although the gap between the PRD and edge area, as well as within the two regions, continues to narrow, the interval gap has always been the main source of the overall differences.



(2) The urban economic development in Guangdong Province exhibits both σ-convergence and β-convergence. The conditional β-convergence rate is approximately 1.52%, and the half-life is approximately 45 years. The PRD has a developed economy with significant disparities, but the convergence rate is relatively slow, while the edge area is the opposite.



(3) Industrial agglomeration has a positive effect on urban economic convergence, while industrial proximity has a negative spillover effect. There is spatial heterogeneity in the impact of industries on economic development. Industrial agglomeration has a positive impact on the overall economic development of Guangdong, but it is not significant within the regions. The convergence of industrial structure has significant negative externalities in the PRD region, and its impact is not significant in the edge area.



(4) Industrial agglomeration in the PRD generates economic spillovers to the surrounding areas, which is conducive to narrowing the regional development gap. However, the phenomenon of industrial proximity in Guangdong has brought about vicious competition, which has a negative impact on economic development. Therefore, local governments should fully leverage the positive spillover effects of industrial agglomeration. At the same time, attention should also be paid to solving the problem of industrial homogenization development.



This study not only provides empirical evidence for practical research on measuring regional differences and convergence, but it also serves as a beneficial supplement to the study of Guangdong’s economic convergence and its influencing factors. There are still some shortcomings: (1) As China is currently undergoing a pivotal period of economic transformation, compounded by challenges like an aging population and the global economic downturn leading to a contraction in exports, these factors will have profound implications for the evolution of regional economic growth patterns. Thus, it is imperative to incorporate additional factors to continuously monitor and unveil China’s regional economic patterns and convergence trends in the coming years. (2) Empirical testing of the impact of various types of inter-regional economic connections on regional economic convergence is lacking. This is a crucial aspect of future research.
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Figure 1. Spatial distribution of urban per-capita GDP in Guangdong. 
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Figure 2. The standard deviation of urban economy in different regions. 
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Table 1. Main variables.
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	Type
	Name
	Unit
	Description





	Dependent variable ( D )
	Per-capital GDP
	CNY
	GDP/year-end permanent population



	Core variables ( X )
	Industry agglomeration (R)
	--
	Calculated according to Formula (3)



	
	Industrial proximity (IP)
	--
	Calculated according to Formula (4)



	Control variables ( Z )
	Investment (Inves)
	CNY/person
	Fixed asset investment/year-end permanent population



	
	Foreign direct investment (FDI)
	%
	Actual use of foreign direct investment/GDP



	
	Research and development (R&D)
	CNY/person
	R&D spending/year-end permanent population



	
	Government fiscal expenditure (fiscal)
	CNY/person
	Local general public budget expenditure/year-end permanent population










 





Table 2. The Theil index and decomposition.






Table 2. The Theil index and decomposition.





	Year
	Theil
	Interval Difference (Tb)
	Intra-Regional Difference (Tw)





	2006
	0.262
	0.186
	0.075



	2007
	0.257
	0.184
	0.073



	2008
	0.222
	0.158
	0.064



	2009
	0.220
	0.155
	0.065



	2010
	0.210
	0.148
	0.062



	2011
	0.207
	0.147
	0.060



	2012
	0.205
	0.143
	0.062



	2013
	0.207
	0.143
	0.065



	2014
	0.155
	0.103
	0.052



	2015
	0.151
	0.102
	0.050



	2016
	0.145
	0.097
	0.047



	2017
	0.145
	0.097
	0.048



	2018
	0.138
	0.093
	0.045



	2019
	0.133
	0.089
	0.045



	2020
	0.126
	0.083
	0.042










 





Table 3. Global Moran’s I of per-capita GDP.
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Year

	
W1

	
W2

	
Year

	
W1

	
W2






	
2006

	
0.573 ***

	
0.619 ***

	
2014

	
0.499 ***

	
0.554 ***




	
(4.6173)

	
(4.0579)

	
(4.0773)

	
(3.7112)




	
2007

	
0.583 ***

	
0.630 ***

	
2015

	
0.497 ***

	
0.557 ***




	
(4.6808)

	
(4.1120)

	
(4.0594)

	
(3.7239)




	
2008

	
0.586 ***

	
0.631 ***

	
2016

	
0.487 ***

	
0.549 ***




	
(4.6966)

	
(4.1173)

	
(4.0109)

	
(3.6924)




	
2009

	
0.558 ***

	
0.607 ***

	
2017

	
0.478 ***

	
0.540 ***




	
(4.4956)

	
(3.9913)

	
(3.9405)

	
(3.6400)




	
2010

	
0.554 ***

	
0.603 ***

	
2018

	
0.484 ***

	
0.545 ***




	
(4.4655)

	
(3.9841)

	
(3.9810)

	
(3.6684)




	
2011

	
0.556 ***

	
0.606 ***

	
2019

	
0.473 ***

	
0.539 ***




	
(4.4924)

	
(4.0138)

	
(3.9076)

	
(3.6224)




	
2012

	
0.543 ***

	
0.591 ***

	
2020

	
0.476 ***

	
0.542 ***




	
(4.3829)

	
(3.9216)

	
(3.9354)

	
(3.6397)




	
2013

	
0.532 ***

	
0.583 ***

	

	

	




	
(4.3028)

	
(3.8647)








*** refer to significance at the 1% levels.













 





Table 4. Conditional space β-convergence model test.
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Parameter

	
W1

	
W2






	
LM test

	
Moran’s I

	
3.258 ***

	
1.617 *




	
LM-error

	
264.549 ***

	
354.191 ***




	
Robust LM

	
63.724 ***

	
58.646 ***




	
LM-lag

	
212.054 ***

	
334.217 ***




	
Rubust LM

	
11.230 ***

	
38.672 ***




	
Hausman test

	
Hausman test

	
17.19 ***

	
8.54 ***




	
Wald test

	
Wald spatial lag

	
11.25 *

	
30.87 ***




	
Wald spatial error

	
16.70 ***

	
16.96 ***








***, and * refer to significance at the 1%, and 10% levels.













 





Table 5. Absolute space β-convergence estimation results.
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W1

	
W2

	
PRD a

	
Edge Area a






	
  β  

	
−0.1334 ***

	
−0.0955 ***

	
−0.0918 ***

	
−0.1890 ***




	
(−4.81)

	
(−4.49)

	
(−2.98)

	
(−4.27)




	
   W   ×   Y   

	
0.1062 ***

	
0.0620 ***

	
0.0586 **

	
0.1582 ***




	
(3.59)

	
(2.78)

	
(1.87)

	
(3.50)




	
  ρ  

	
0.6766 ***

	
0.6688 ***

	
0.7369 ***

	
0.6437 ***




	
(17.33)

	
(11.13)

	
(14.40)

	
(9.70)




	
Log-likelihood

	
572.3487

	
529.1923

	
240.0055

	
331.1577




	
Convergence speed ( θ )

	
0.41%

	
0.29%

	
0.22%

	
0.73%




	
Half-life ( τ )

	
167.21

	
238.51

	
314.49

	
95.57




	
    R 2    

	
0.2582

	
0.3033

	
0.2450

	
0.3017




	
  N  

	
294

	
294

	
123

	
168








a using the time distance weighting matrix (   W 2   ); numbers in parentheses are   t   values; *** and ** refer to significance at the 1% and 5% levels.













 





Table 6. Conditional space β-convergence estimation results.
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W1

	
W2

	
PRD a

	
Edge Area a






	
  β  

	
−0.2817 ***

	
−0.4098 ***

	
−0.3412 ***

	
−0.4177 ***




	
(−12.33)

	
(−12.29)

	
(−6.48)

	
(−8.23)




	
   l n R   

	
0.0157

	
0.0230 **

	
0.0366

	
0.0121




	
(1.27)

	
(2.03)

	
(0.95)

	
(0.90)




	
   l n I P   

	
−0.0235

	
−0.0386 *

	
−0.2125 ***

	
−0.0178




	
(−1.13)

	
(−1.85)

	
(−3.54)

	
(−0.89)




	
   l n I n v e s   

	
0.0535 ***

	
0.0231 ***

	
0.0935 **

	
0.0562 ***




	
(5.66)

	
(5.96)

	
(3.50)

	
(5.95)




	
   l n R & D   

	
0.0064 **

	
0.0129 ***

	
0.0060

	
0.0093 **




	
(3.50)

	
(3.92)

	
(1.41)

	
(2.15)




	
   l n F D I   

	
−0.0057

	
−0.0090 **

	
−0.0080

	
−0.0097 **




	
(−1.52)

	
(−2.14)

	
(−1.08)

	
(−2.33)




	
   l n f i s c a l   

	
0.087 ***

	
0.1630 ***

	
0.1016 ***

	
0.0996 ***




	
(4.08)

	
(7.55)

	
(3.53)

	
(3.12)




	
   W × Y   

	
0.0741

	
0.0110

	
0.0016

	
0.1240




	
(1.54)

	
(−0.11)

	
(0.02)

	
(1.24)




	
   W × l n R   

	
−