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Abstract

:

Cities defined mainly from the administrative aspect can create impact and problems especially in the case of China. However, only a few researchers from China have attempted to identify urban areas from the morphology dimension. In addition, previous studies have been mostly based on the national and regional scales or a single prefecture city and have completely ignored cross-boundary cities. Defining urban areas on the basis of a single data type also has limitations. To address these problems, this study integrates point of interest and nighttime light data, applies the breaking point analysis method to determine the physical geographic scope of the Guangzhou–Foshan cross-border city, and then compares this city with Beijing and Shanghai. Results show that Guangzhou–Foshan comprises one core urban area and six suburban counties, among which the core urban area extends across the administrative boundaries of Guangzhou and Foshan. The urban area and average urban radius of Guangzhou–Foshan are larger than those of Beijing and Shanghai, and this finding contradicts the city size measurements based on the administrative division system of China and those published on traditional official statistical yearbooks. In terms of urban density value, Shanghai has the steepest profile followed by Guangzhou–Foshan and Beijing, and the profile line of Guangzhou–Foshan has a bimodal shape.
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1. Introduction


Chinese scholar Yixing Zhou argued that the first scientific problem in urban research lies in the correctness of basic concepts [1]. Specifically, in urban studies, understanding how cities should be defined is a universal difficulty [2,3]. The population distribution, urban functions, and physical geographical conditions in each region vary across countries, thus challenging researchers in proposing a scientific definition of cities and comparing different regions and countries. The current global urbanization level has exceeded 50%, which suggests that people are now living in an “urban age” and that means, for the first time in human history, more than half of the global population are purportedly living in cities, transforming cities into one of the most important foundations of the global economy and society [4,5,6]. A scientific definition of cities, especially the scope of urban areas, is important in promoting the construction of urban infrastructure that can satisfy the needs of urban social and economic development. Such a definition is also crucial in conducting scientific urban research and realizing a sustainable development of cities and regions.



The definition of a city usually covers three dimensions, namely, the morphology, and functional and administrative dimensions [7,8]. An urban area (urbanized area) is a typical concept defined from the morphology dimension that refers to the distribution scope of an urban landscape with non-agricultural land and economic activities as the main body. To a certain extent, an urban area is equivalent to an urban built-up area [7,9]. From the functional dimension, a city can be considered a functional urban area with a dense core and a peripheral area as its commuting catchment, both of which reflect close social and economic connections between the urban core area and the periphery [10,11,12]. From the administrative dimension, a city is defined on the basis of the boundary range of an urban administrative jurisdiction as stipulated by the national administrative division management system. In sum, these three dimensions have different goals and connotations when defining cities.



Many developed countries such as Western Europe, North America, and Japan have formed detailed standards and constantly updated methods for defining cities from the morphological and functional dimensions. However, in China, cities are strictly defined administratively with different levels, and mismatches can be observed between the administrative definition and spatial dimension of the cities (i.e., the actual scope of urban functional activities) [7,13]. Administrative space adjustments (especially the annexation of counties by cities) are also often conducted ahead of time given China’s planning for growth [14,15]. In addition, urban statistics in China are tied to administrative regions, leading to inaccurate and ambiguous indicators, such as urban, population, and spatial scales. Therefore, some Chinese scholars have suggested that the government should define the concept of urban area from the morphology dimension [16].



The Ministry of Natural Resources has recently issued the “Standard for Delineating Urban Areas (draft for soliciting opinions),” which suggests that “in the past, there was no consensus on the definition and ways of defining an urban area, which led to the emergence of many different dimensions for urban–rural division in the National Bureau of Statistics, the Ministry of Housing and Urban Rural Development, local government departments, and within these departments. In addition, on the basis of urban areas, the analyses and discussions on the issues of urban expansion and contraction, urban development intensity, and driving forces of development have also produced different conclusions, thereby introducing uncertainty to the compilation and implementation of territorial spatial planning. Therefore, how to unify our urban area division method and standardize our statistical caliber has become a challenge” [17,18].



Although the Ministry of Natural Resources issued the “Standard for Delineating Urban Areas” as a detailed method for urban scope division, regardless of its effects or successful implementation, this policy requires years-to-decades worth of effort and a large amount of labor and financial resources. Moreover, cities are continuously expanding and their scope is ever changing, so they cannot be easily adjusted in time according to this policy.



This study aims to develop a new model for urban division instead of relying on the traditional national administrative division management system, so that highly accurate comparisons of China’s cities can be conducted, especially the large ones, with other major cities around the world. This study takes Guangzhou–Foshan, a typical cross-boundary city in the Pearl River Delta (PRD), as an empirical case. A model that delineates the urban areas of this city based on NPP/VIIRS nighttime light and point of interest (POI) data is also developed. The results are compared with Beijing and Shanghai. Beijing, Shanghai, and Guangzhou are among the largest and most economically powerful cities in China, so they have been examined in many comparative studies. However, most of these comparisons are based on official statistics for a specific jurisdiction. They view Guangzhou as an independent city and posit that its urban scale (especially its spatial and population scales) is smaller than that of Beijing and Shanghai, thereby hindering researchers from understanding the city itself. This study attempts to overcome these limitations by comparing the urban areas of the aforementioned cities.



This paper is structured as follows. Section 2 reviews the literature related to the definition of cities. Section 3 describes the dataset sources and adopted methodology. Section 4 presents the results. Section 5 offers the concluding remarks and discusses the related issues.




2. Literature Review


A large number of studies have been conducted on delineating urban areas, and this topic has long been examined by urban scholars and government officials in Western Europe, North America, and Japan. A long-standing concern in the literature has been to provide a rigorous definition of urban or metropolitan areas, first relying on a notion of central places, then on integrated local labor markets [19,20], continuous development [21], or various forms of spatial interactions measured, particularly land prices [22]. A second concern in the literature has been to develop robust approaches with minimal data requirements so that urban areas can be delineated in a comparable manner over several countries [23]. Scholars have also classified the literature into two categories: bottom-up and top-down approaches [24,25]. The bottom-up approach is based on a scaling analysis of road networks, urban blocks, and buildings and a clustering technique of roads networks, urban construction modes, and urban population [26,27]. The top-down approach is based on population density and applications of remote sensing [28,29]. With the development of technology, various types of data indicators and measurement models have been used in the literature. However, an international consensus in a practical application has yet to be reached.



In practical application, many developed countries have formed a clear definition standard, and the scale of the definition is becoming increasingly refined. The standards and methods for dividing urban areas in the United States have evolved since the 1880s from the use of the threshold method of single population density to the use of composite factors to analyze fine urban physical boundaries. The employed indicators include population size, road infrastructure, land use, the number of residential units, and the range of urbanized areas and urban clusters is divided on the basis of the comprehensive criteria of the aforementioned indicators [30,31]. In Japan, urban units with a population density of more than 4000 people per km2 and a population size of more than 5000 people are divided into “densely inhabited districts” [25,32]. Countries in the European Union divide city groups with a population density of 300 people per km2 and with a population size of more than 5000 people by using unit grid data [33]. Given the variations in the economic and social environment of their cities, Denmark and Sweden adopt various division standards and define cities as areas with an urban population scale of 200 people, whereas the Netherlands defines cities as areas with a population size of up to 2000 [30,31]. In sum, huge differences can be observed in the standards adopted by each country.



In China, the central government defines cities according to the recommendations of the National Administrative Management System [34,35]. A city defined from the administrative dimension matches the statistical data published in various city statistical yearbooks and other census data published by the government. As such, Chinese scholars have mainly examined the concept of cities in the administrative sense. However, this definition does not truly reflect the actual activities of urban residents or the geographical scope of the urban functional landscape. Accordingly, urban researchers have defined cities from many aspects. The research on defining cities from the morphological dimension in China has roughly gone through the following stages:



(1) After Yixing Zhou introduced the concept of China’s urban area in 1986, several scholars performed extensive exploratory work on this topic. Apart from applying concrete methods for delineating urban areas, the minimum thresholds for population scale, the proportion of non-agricultural employment, and population density collected from statistical yearbooks and censuses were also used to establish an urban area demarcation standard [16,36,37]. However, given the limited data sources during this period, urban areas were only mapped based on low-resolution data for county/district administrative units.



(2) With the gradual penetration and popularization of GIS technology in other disciplines starting from 2000, researchers began to utilize remote sensing image and nighttime light data and proposed a variety of algorithms or models [38,39,40]. Two main research paths were observed during this period. On the one hand, the land use status of a city and its surrounding areas was extracted followed by a calculation of different landscape indexes, based on which the urban areas of a city were defined. On the other hand, urban areas were demarcated according to the employment types and social and economic activities of the urban and rural population or the spatial connection and interaction among urban elements. Compared with the previous stage, the accuracy of urban area identification was greatly improved during this period by using remote sensing images and nighttime light data in the analysis. However, many of the composite models proposed during this period were too complex to be generalized. Specifically, the empirical models developed in one city were often unable to collect the same data from other cities, thereby introducing difficulties in comparing cities based on the same benchmark.



(3) The rapid development of IT, including the Internet, the Internet of Things, cloud computing, and the integration of these three networks, in 2010 ushered in the “Big Data” era, during which the proliferation of data posed both a challenge and an opportunity for many industries [41]. These data allowed researchers to easily identify urban areas. The open-access big data that emerged during this period made up for the low-resolution data that were widely used in the previous periods. The scale of research units was refined, thus allowing researchers to measure their objects based on the activities of urban residents, which have a fundamental influence on urban areas. Several methods for dividing urban–rural boundaries were also developed on the basis of POI data [34,42], MicroBlog check-in data [43], and road network data [5,44].



Only a few studies have attempted to identify urban areas in China. Previous studies have been mostly conducted on the national and regional scales (e.g., the Beijing–Tianjin–Hebei region and the Yangtze River Delta) or on a single prefecture city. Cross-boundary cities are often ignored in these studies. In addition, defining urban areas on the basis of a single data type has certain limitations. For example, urban construction land identified on the basis of remote sensing data cannot represent the geographical scope of urban areas, especially in the PRD region given its high level of rural industrialization. Defining urban areas on the basis of nighttime light data also causes errors owing to the low spatial resolution and light spillover effect of the data [45,46]. Most of the available methods for determining urban areas either subjectively determine the boundary threshold on the basis of empirical values or construction land data published in statistical yearbooks. In terms of data quality, official statistical indicators at the community level are extremely insufficient for mapping the urban–rural boundary. Although mobile signaling data have high accuracy, this type of data cannot be easily obtained and is very expensive, thus blocking its wide application. To address these shortcomings and those mentioned above, this study combines nighttime light data with POI data and uses the breakpoint model to empirically investigate the cross-boundary city of Guangzhou–Foshan in hopes of developing a new and replicable method for defining urban areas and achieving a novel understanding of cross-boundary cities.




3. Data and Methods


3.1. Empirical Area Background


As shown in Figure 1, the prefecture-level cities of Guangzhou and Foshan are located at the core of the PRD. While the term PRD has long been used in history, the Greater Bay Area was officially introduced in the 13th Five-Year Plan (2016–2020) for the Economic and Social Development of China, which envisions a higher-level regional integration among Guangdong, Hong Kong, and Macao [47].



Since the reform and opening up, Guangzhou and Foshan underwent several adjustments in their administrative divisions. After the removal of several counties and the division of its districts in 2014, Guangzhou currently has 11 municipal districts. Meanwhile, after the adjustment of its administrative divisions by the end of 2002, Foshan currently has five municipal districts. These cities have a total area of 11,232.12 km2.



Guangzhou and Foshan have always been the core areas of the PRD impact plain that are located in a physical geographical unit connected by the same river network system. The socio-economic ties between these cities were gradually strengthened through the inland river navigation function of the river network system. During the Ming and Qing dynasties, Guangzhou was developed into a famous port city in China by virtue of its “one-line trade” policy advantage, whereas Foshan was developed into a manufacturing and inland port town due to its proximity to Guangzhou and its inland river shipping advantages. These cities already belonged to the same economic and geographical network during those periods, and the relationship between their towns was constantly adjusted throughout the years.



After the founding of the People’s Republic in 1949, the economic exchange between Guangzhou and Foshan came to a standstill because of the highly centralized planned economy proposed by the government. However, after the reform and opening up, the state gave up its planned economy, repositioned the relationship between central and local governments, decentralized its economic development initiative level by level, and encouraged competitions among local governments to kick-start the economic development of the entire country. On the one hand, this decentralized competition promoted the rapid economic development and urbanization of Guangzhou and Foshan. On the other hand, both the decentralized competition and urban management resulted in the formation of an administrative economy and vicious competitions among and within cities to attract investment, especially foreign capital.



With the advent of globalization and the information age, economic and social activities are being carried out and reconstructed on the global, regional, and local scales, and the competitive advantages of a single country or city are no longer in effect. Regions, especially the regional space across different administrative units, play an increasingly important role in the global competition and have become important spatial carriers of a new regional division of labor [48,49]. The Guangdong–Hong Kong–Macao Greater Bay Area is one of the most important starting points for China to implement its regional strategy, embed an international division of labor, and participate in international competition. The central cities of Guangzhou and Foshan were mentioned in several planning documents that aim to promote their integrated development and to drive the integration of the whole region.



Although Guangzhou and Foshan are two different cities in the administrative sense, their built-up areas have merged into one. Remote sensing images of Guangzhou and Foshan taken in 1987, 1997, 2007, and 2017 (Figure 2) show that in 1987, their urban forms were still two relatively independent clusters, and their urban built-up areas only covered Guangzhou and the old urban area of Foshan. Since the 1990s, the built-up areas has been expanding rapidly in circles and along the main traffic axis and the Pearl River. In addition, the construction land in Guangzhou and Foshan was continuously integrated from 2007. Therefore, many scholars refer to Guangzhou and Foshan as the Guangzhou–Foshan metropolitan area. This term will be used throughout the rest of this paper to refer to both Guangzhou and Foshan.




3.2. Data Sources


This study aims to map the urban area boundary of the Guangzhou–Foshan city region by using open-access data, which mainly includes urban POI data taken in 2018, NPP/VIIRS nighttime light data taken in 2018, and the corresponding urban administrative district boundary data.



The POI classification system of Amap is divided into three levels and 12 categories, including catering, public facilities, companies, and enterprises with strong urban attributes, which were selected as the basic data for this research and were collected by running the application programming interface (API) provided in the Amap website (https://lbs.amap.com (accessed on 23 July 2018)). After cleaning the collected data, a total of 788,720 POI data for Guangzhou and Foshan were obtained. Table 1 shows the number and proportion of POI entries.



Nighttime light is emitted by satellite sensors on buildings, roads, and vehicles at nighttime. This type of data is widely used in extracting urban built-up areas. The NPP/VIIRS nighttime light data were collected from the US National Geophysical Data Center, which adopts the DNB band of the visible infrared imaging radiometer sensor (VIIRS) of the Suomi NPP satellite. This band is highly sensitive to weak light within the band range and is widely used in monitoring human activities at night. VIIRS nighttime light data have a more detailed spatial resolution (500 m) compared with DMSP/OLS nighttime light data. The NPP/VIIRS nighttime light images for 2018 used in this article were collected from the American National Geophysical Data Center (https://www.ngdc.noaa.gov/eog/viirs.html (accessed on 4 September 2020)) and have a spatial resolution of 500 m. Meanwhile, the NPP/VIIRS annual average image was obtained by calculating the integer of average image brightness from January to December 2018. The effects of cloud, fire, and other atmospheric light were also removed, and those areas without light were assigned a value of zero after radiation correction.



The administrative district boundaries of Guangzhou, Foshan, Beijing, and Shanghai were also downloaded by running the API provided on the Amap website.




3.3. Technical Route and Research Methods


3.3.1. Technical Route


The empirical framework for delineating urban areas based on POI and DMSP/OLS nighttime light data involves four steps (see Figure 3). In the first step, the cleaned POI and NPP/VIIRS nighttime light data were divided according to city administrative boundaries and were integrated by using the mean value method to generate a new POI and NPP index core density map. In the second step, the area to be measured was divided into 360 splines at a 1° interval from the city center, and sampling points were set at 500 m intervals from the direction of no spline from the city center to the edge (see Figure 4). The constructed POI and NPP index values were assigned to each sampling point. In the third step, given that the POI and NPP index (which reflects urban density) gradually decreased from the urban core area to the urban fringe area and then to the rural area, the breakpoint model was used to find out the two breakpoints among these three areas and to connect the adjacent breakpoints into a line. In the fourth step, the area where the lines were aligned was evaluated, and the space units with a spatial discontinuity area of less than 10 km2 were removed to obtain the final result. The key steps are described in the following sections.




3.3.2. Methods


	(1)

	
Kernel Density Estimation (KDE) of Urban POI Data







To convert urban POI data into the spatial density values needed to extract urban boundaries, the highly intuitive and smooth KDE method was used for the analysis. KDE explores the spatial variations in event intensity while taking into account the locational effects in the first law of geography and assigns weights to a location based on its distance from the center. KDE is among the most popular methods for measuring the variation of points from the mean [50]. This approach estimates the density at each location as the average value within the surrounding spatial window by weighing the nearby objects based on a kernel function. KDE in Euclidean distance is defined by [51]:


   O i  =  1  n π  r 2      ∑   j = 1  n   k j     [  1 −    d  i  j ˙       r 2     ]   2   



(1)




where    O i    represents the kernel density of the research point i,    K j    is the weight value of the research point j,    d  i j     is the distance between the spatial point i and research object j, r is the bandwidth, and n is the number of the research object j within the range of bandwidth r. The weight value    K j    of the research point j is the same as that in the range of bandwidth r. After repeated experiments, the bandwidth was set to 4000 m for analysis. Under this condition, the urban POI density shows good applicability and can be used to investigate the urban area boundary.



	(2)

	
Constructing a Composite Urban Density Index Using POI and DMSP/OLS Nighttime Light Data







As mentioned above, when delineating urban boundaries, using nighttime light data can introduce some problems, such as difficulties in the scientific processing of the light overflow effect and its low identification accuracy. By contrast, POI data have rich and accurate location and attribute information, and their density distribution in the boundary of urban built-up areas is abrupt [52], that is, the density of POI in urban built-up areas is significantly higher than that in the surrounding rural areas and suburbs, and the boundary of built-up areas can be accurately obtained by following this law. This advantage can make up for the low resolution and light overflow effect of nighttime light data. The inherent stability and effective performance of POI data can also eliminate the influence of some transient light noise and further improve the accuracy of extracting built-up areas. Therefore, following previous studies, this paper adopts the “average value method” to synthesize the POI and nighttime light data and constructs a new composite index to accurately map the urban boundary.



The geometric mean in the “mean value method” is used to fuse the POI and nighttime light data for three reasons. First, the difference between the brightness value of nighttime light data and the estimated density value of POI data has a high order of magnitude, and the geometric mean can eliminate the impact of such a difference, well integrate the advantages of these two types of data, and remove the temporary noise in nighttime light data. In the nighttime light data, those pixels with transient noise are usually surrounded by points of no interest. The POI kernel density value of these points is zero, whereas its composite index is zero, thereby eliminating the influence of these points on the results. This approach can also reduce the inaccuracies in the results, such as building roads and railways outside the area. The geometric mean is also less affected by extreme values and can correct those points with abnormal light values. The composite index is computed as [52]:


  P N =   P O  I i  × N P  P i     



(2)




where PN is the composite index of the DMSP/OLS nighttime light data and POI data fused by using the mean value method,   P O  I i    is the KDE value of POI at point i, and   N P  P i    is the brightness value of DMSP/OLS nighttime light data at point i (Figure 5).



	(3)

	
Dividing the Urban and Rural Boundary by Using the Breakpoint Model







Based on the newly constructed PN composite index, the breakpoint model was used to divide the boundary between urban and rural areas and that between the urban core and urban fringe areas. Introduced by P.D.Converse on W.J. Reilly’s “Law of retail Gravity” in 1949, breakpoint theory examines the interaction between cities and regions [53]. This theory later attracted wide application in dividing the urban attraction scope, and its basic principle is to take the maximum distance attenuation mutation value of the eigenvalue representing the spatial density as the segmentation point of different interfaces within the region [54,55]. Defining the urban boundary based on the breakpoint model follows a critical requirement, that is, the selected high-value eigenvalues should be concentrated in the urban core area, and the eigenvalues from the urban core area to the peripheral rural area should show a gradual downward trend. Empirical experience shows that the spatial distribution of urban POI density and nighttime light intensity satisfies this requirement. After repeated tests, the geographical distribution of the PN composite index satisfied the basic requirements of applying the breakpoint model. The following breaking point formula was used to calculate the catastrophe point of the PN value in each sample [56]:


   v j    =    x  i + 1   −  x i   



(3)






    v  ¯  =  1 n    ∑   i = 1  n   x i   



(4)






  D D  V i  =  v j  /  v ¯   



(5)




where    v j    is the difference between the PN composite index of two adjacent points in the j sample strip,    x i    is the PN composite index of i point in the study strip,     v  ¯    is the average of the PN composite index of all points in the sample strip, and   D D  V i    is the distance attenuation mutation value of the PN composite index value of each study spline. After comparing the mutation values of 360 groups of samples, the outliers were removed, and the maximum value was obtained. The catastrophe point was identified as the breaking point. Two breakpoints were selected from each sample strip, namely, the breakpoint between the urban core and urban fringe areas and that between the urban fringe and countryside areas. These breakpoints were connected into lines to constitute the inner and outer boundaries of the city (Figure 6).






4. Results


4.1. Urban Areas of the Guangzhou–Foshan City Region


The POI and DMSP/OLS nighttime light data were used to process the administrative areas of Guangzhou and Foshan following the aforementioned technical process, and the boundary scope of the Guangzhou–Foshan urban area was obtained. As shown in Figure 7, the administrative areas of Guangzhou and Foshan consist of one center city and six suburban counties, of which the center city (Guangfo) is broken by the administrative boundary between Guangzhou and Foshan. The urban area of Guangfo mainly covers Yuexiu, Liwan, Haizhu, the north of Tianhe, the south of Baiyun, and the west of Huangpu in Guangzhou. Meanwhile, Foshan covers Chancheng, the eastern towns of Nanhai, and the northern and eastern towns of Shunde. The urban center district of Guangfo also extends from the old urban area of Guangzhou to Tianhe and part of Huangpu in the east and extends to Chancheng of Foshan and the eastern part of Nanhai in the west. The urban center district of Guangfo has three sub-centers on the urban fringe in Shunde and Zengcheng given that the former is a strong industrial county developed through a bottom-up urbanization development. Following the development trend of the Guangzhou and Foshan integration, Shunde was gradually integrated into the metropolitan development system. However, due to the path dependence of the initial development mode with small towns as the main body of development, the towns of Daliang and Ronggui maintained the double center pattern of Shunde. The six surrounding counties are Nansha, Zengcheng, Conghua, Huadu, Sanshui, and Gaoming, all of which are located in the outer suburbs of Guangfo and are developed from agricultural counties.



The urban areas of Guangzhou and Foshan city have a size of 2320.75 km2, which accounts for 20.66% of the administrative area. The center city of Guangfo has an area of 1929.25 km2 (the urban core area is 525.25 km2, whereas the edge area is 1404 km2), which accounts for 83.13% of the urban area. Most of the surrounding counties are relatively small, with Huadu being the largest given its area of 190.5 km2. The other five counties show slight differences in their area and fluctuate within the range of 32.25 km2 to 56.25 km2 with an average of 40.2 km2. These trends reflect the important influence of the administrative power of the government on the urban development of China. The center city of Guangzhou has a high administrative level, and various resources are invested in its development. Moreover, Guangzhou expanded its area by annexing the adjacent suburban counties. However, in the peripheral exurbs, except for Huadu (which has a larger development/urban area and was formed via the construction of municipal important industrial functions and key transportation infrastructure such as an airport), the other outer suburban counties are relatively weak (see Table 2 for details).




4.2. Comparison with Shanghai and Beijing


Beijing, Shanghai, and Guangzhou are among the largest and most economically powerful cities in China and have been compared in many reports. However, most of these comparisons are based on official statistics for the jurisdiction region, thereby offering a limited understanding of these cities. This study attempts to overcome this disadvantage by comparing the urban areas of these cities. The geographical scope of urban areas in Beijing and Shanghai were mapped based on POI and NPP/VIIRS nighttime light data captured in 2018.



Comparison results show that in terms of the total urban area, Guangzhou–Foshan is the largest, followed by Beijing with 1923 km2 and Shanghai with 1589.56 km2. A further comparative analysis of the largest central city in the three administrative areas reveals that Guangfo remains the largest with an area of 2320.75 km2 and an average radius of 37.11 km (among which the radius of the core area is 13.47 km, whereas that of the marginal areas is 23.54 km), followed by Beijing with an area of 1923 km2 and an average radius of 34.05 km (among which the radius of the core area is 13.01 km, whereas that of the marginal areas is 21.04 km) and Shanghai with an area of 1589.56 km2 and an average radius of 28.92 km (among which the radius of the core area is 7.89 km, whereas that of the marginal areas is 21.04 km) (see Table 3 for details).



These findings indicate that the Guangzhou administrative region has been taken as a separate city statistical unit for a long time and has been compared with other benchmark cities, such as Beijing, Shanghai, and Shenzhen. Therefore, suggesting that Guangzhou is gradually declining is unreasonable given that the most powerful cities in China are all showing a declining trend. Guangzhou did not decline but rather changed its form (i.e., cross-boundary development or regional development mode).



A further analysis of the PN value of the east–west sampling strips (90° and 270°) in the three cities reveals that the PN value changes rapidly from the central city to the periphery, with the steepest profiles observed in Shanghai, Guangfo (which has a relatively gentle, bimodal pattern), and Beijing (which has the gentlest pattern) (Figure 8). This result may be attributed to the specific land area and physical geographical attributes of the city. Compared with the other two cities, while Shanghai has the smallest urban area, this area mostly comprises plains that can be developed given their high land use efficiency and compactness. Guangzhou–Foshan has a relatively flat pattern because of its strong top-down development power, and Foshan can transfer a large number of functions from Guangzhou. Beijing has a vast territory, but its efficiency is not as high as that of Shanghai.





5. Concluding Remarks and Discussion


5.1. Summary


This paper proposes a methodological framework for redefining and identifying Chinese cities based on POI and NPP/VIIRS nighttime light data without relying on conventional yearbooks that have been extensively used in previous studies. This study defines cities from the morphology dimension and uses the gradient attribute of urban density distribution in the region to divide the city boundary in order to avoid subjectively determining the threshold of the urban boundary. This methodology was applied to the cross-boundary city of Guangzhou–Foshan while using POI and NPP/VIIRS nighttime light data captured in 2018. The following conclusions were obtained.



The whole administrative area of Guangzhou and Foshan comprises one core city and six suburban cities. The core city has broken the administrative boundary between Guangzhou and Foshan, and its territorial scope covers Nanhai, Panyu, Baiyun, and Huangpu besides the traditional old urban area of Guangzhou. Within the jurisdiction of Guangzhou and Foshan, the total urban area is 2320.75 km2, which accounts for 20.66% of the administrative area, of which the center city Guangfo is 1929.25 km2 (the urban core area is 525.25 km2, and the edge area is 1404 km2) or 83.13% of the urban area. Most of the surrounding counties are relatively small, with Huadu being the largest with an area of 190.5 km2. The other five counties show slight differences in their area and fluctuate within the range of 32.25 km2 to 56.25 km2 with an average of 40.2 km2.



Compared with those of Beijing and Shanghai, which are among the largest and most economically powerful cities in China, the urban area and average urban radius of the Guangzhou–Foshan core city are larger, which contradicts both the city size measurements of China’s administrative division system and the data published in official statistical yearbooks. From the east–west profile of urban density value represented by the PN composite index, the profile of Shanghai is the steepest, followed by those of Guangzhou–Foshan and Beijing. The profile line of Guangzhou–Foshan has a bimodal shape.




5.2. Academic Contributions


The contributions of this study mainly lie in the following aspects. First, the proposed methodology is straightforward in redefining a city from the spatial dimension by using ubiquitous open data, which are increasingly available to researchers. This model can also be extended to other cities in China and, if necessary, to other large cities in the world. Different cities can also be benchmarked at the same horizon. Second, this paper defines urban areas across an entire administrative region. Previous studies are based on either the scale of the whole country and large regions (e.g., the Beijing–Tianjin–Hebei city region and the Yangtze River Delta) or the scale of a single prefecture-level city administrative region. However, these studies ignore those cities with a cross-boundary development, and this gap has been explored in this paper. Third, this paper uses the breakpoint model to address the disadvantage of subjectively determining a threshold value in defining an urban area. Nighttime light data show a light spillover effect, which can be eliminated by combining these data with POI data. However, the urban boundary threshold still needs to be determined. According to the inherent properties of the density precipitous drop between urban and rural areas, the breakpoint model was used in this paper to avoid the disadvantage of using subjective empirical values to determine such a threshold.




5.3. Potential Applications


As discussed in the Introduction, China’s administrative regions that include cities and urban areas (representing the actual scope of urban functional activities) are mismatched. Moreover, under the background of China’s development system of planning for growth, a frequent adjustment of administrative divisions, especially the annexation of suburban counties, is deeply branded with the growth doctrine. The annexation of surrounding counties is often performed to obtain more land for future development ahead of the urbanization of the surrounding counties. In addition to the academic achievements mentioned above, this research is expected to match the institutional space of administrative jurisdictions as closely as possible with the urban physical regions and achieve the following real-world applications.



First, this study clarifies the functional geographical scope of actual urban activities. The proposed method should be incorporated into the management of China’s city division and correspond to official statistical data. Second, results show that the core area of Guangzhou and Foshan already comprises one city, thereby suggesting that “the urban integration of Guangzhou and Foshan” is a wrong claim. The term “urban integration” refers to “urban to urban, not city to city.” Therefore, Guangzhou and Foshan need to go from “crossing the boundaries” to “beyond the boundaries,” that is, in terms of formulating spatial development strategies and other relevant institutional arrangements, Guangzhou and Foshan should plan their development as a whole. Third, as a supplement to yearbook data, the urban situation can be monitored by using the proposed framework. This same framework can also be used as a basis for adjusting the existing urban management system with an aim to alleviate the mismatch between the city administrative region and the physical one. In sum, apart from its academic implications, the potential applications of this research are not limited to the aforementioned projects.




5.4. Potential Bias and Future Steps


This study proposes a novel model that delineates the urban boundary by using ubiquitous open data. The increasingly available open data and the straightforward methodology used in this framework highlight the merits of this approach. Nevertheless, several limitations need to be noted and examined in future research. On the one hand, the proposed model is very complex and has a time-consuming operation. While this model can be used to examine a single city, applying this model to study the urban system of the whole country will generate a huge workload. In the future, we need to further simplify this model to allow its replication in other regions. On the other hand, this study advocates breaking the restriction of administrative boundaries and objectively defining cities from the perspective of their landscape or functional activities. However, the divided urban areas lack the corresponding social and economic statistical data, thereby preventing in-depth comparisons of these areas with others. Addressing this problem requires a long-term and continuous joint effort between researchers and national statistical authorities.
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Figure 1. Location of Guangzhou–Foshan Metropolitan in PRD and the composition of its internal administrative areas. 
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Figure 2. Growth of the built-up area in Guangzhou–Foshan Metropolitan: (a) 1987, (b) 1997, (c) 2007, and (d) 2017. Source: derived from satellite remote sensing maps at: datamirror.csdb.cn/admin/introLandsat.jsp (accessed on 5 March 2018). 
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Figure 3. Flowchart of the proposed framework. 
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Figure 4. The study sample strip in Guangzhou and Foshan. 
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Figure 5. (a) POI kernel density estimation diagram, (b) DMSP/OLS nighttime light data figure, (c) PN composite index of urban density. 
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Figure 6. Schematic diagram of urban and rural spatial interface division. 
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Figure 7. Urban areas within the administrative area: (a) Guangzhou and Foshan, (b) Shanghai, (c) Beijing. 
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Figure 8. Comparison of PN value profile in Guangfo, Beijing, and Shanghai. 
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Table 1. Classification of point of interest types.
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	Type
	Number
	Percentage (%)





	Dining sites
	127,427
	16.16



	Communal facilities
	9268
	1.18



	Incorporated business
	230,956
	29.28



	Shopping sites
	12,012
	1.52



	Transport facilities
	63,166
	8.01



	Financial insurance service
	22,015
	2.79



	Educational and cultural services
	68,347
	8.67



	Commercial housing
	46,483
	5.89



	Life services
	97,861
	12.41



	Sports and leisure services
	37,390
	4.74



	Government agencies and social organizations
	45,507
	5.77



	Accommodation services
	28,288
	3.59



	Total
	788,720
	100.00
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Table 2. Statistics of various urban areas within the Guangzhou and Foshan administrative area.
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	Urban Name
	Area (km2)
	Percentage (%)





	Guangfo
	1929.25
	83.13



	Nansha
	56.25
	2.42



	Zengcheng
	34
	1.47



	Conghua
	32.25
	1.39



	Huadu
	190.5
	8.21



	Sanshui
	42.25
	1.82



	Gaoming
	36.25
	1.56



	Total
	2320.75
	100.00
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Table 3. Statistical comparison of urban areas in Guangfo, Beijing, and Shanghai.
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	City Region
	Urban Area Radius (km)
	Urban Core Area (km2)
	Urban Fringe Area (km2)
	Administrative Region Area (km2)
	Urban Area Percentage (%)





	Guangzhou and Foshan
	37.11 (13.47/23.54)
	579.25
	1741.50
	11,126.14
	20.85



	Shanghai
	28.92 (7.98/21.03)
	200.25
	1389.31
	6882.05
	23.09



	Beijing
	34.05 (13.01/21.04)
	531.75
	1391.25
	16,393.90
	11.73
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