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Abstract

:

Globalization and the spread of information have made city networks more complex. The existing research on city network structures has usually focused on discussions of regional integration. With the development of interconnections among cities, however, the characterization of city network structures on a regional scale is limited in the ability to capture a network’s complexity. To improve this characterization, this study focused on network structures at both regional and local scales. Through the lens of function and innovation, we characterized the city network structure of the Economic Zone of the West Side of the Taiwan Strait through a social network analysis and a Fast Unfolding Community Detection algorithm. We found a significant imbalance in the innovation cooperation among cities in the region. When considering people flow, a multilevel spatial network structure had taken shape. Among cities with strong centrality, Xiamen, Fuzhou, and Whenzhou had a significant spillover effect, which meant the region was depolarizing. Quanzhou and Ganzhou had a significant siphon effect, which was unsustainable. Generally, urbanization in small and midsize cities was common. These findings provide support for government policy making.
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1. Introduction


In the process of globalization, megacity regions are playing an increasingly important role in China’s regional development. Megacity regions are planned areas that are expected to create new growth poles during a region’s economic development. Whether defined as metropolitan regions or megacity regions, these regions must create interconnections with existing cities and towns [1,2]. Therefore, a reasonable evaluation of cities’ interconnections in a given region should be the basis for regional planning and decision making [3,4]. In traditional regional analysis, cities should interact with adjacent big cities. Although researchers have been concerned with flow space, the urban system based on scale has gradually transformed into a network paradigm [5,6,7]. On the basis of this transformation, relationships among cities have been continuously reconstructed and redefined, and the development of intercity relationships has emerged as an important issue that needs to be studied in depth.



Since the development of communication technology and transportation infrastructure, cities have developed economic and production connections even when they lack direct physical relationships. Therefore, researchers have begun to focus on city network analysis based on the flow of people, information, capital, and traffic [8,9]. These interconnections within a megacity region form a network for cities to exchange production and economic factors [10,11]. These regions have abundant characteristics, including multiple types of flow, in numerous directions, and of various strength. Thus, some researchers have begun to evaluate the integration status of megacity regions by classifying the types of flow into physical (mainly by transportation network), functional (mainly by people, capital), and innovative areas [12,13,14]. In such research, the complexity of city networks has been a concern, and more attention has been given to discussions about regional integration rather than to the creation of systems with interregional or interlocal links. The approach taken to analyzing city network structures has included centrality analysis [15,16,17,18] and the core-periphery model [19,20]. Although most research has characterized cities’ hierarchies and structures at the regional scale, only a few scholars have looked inside the network by dividing groups into cohesive subgroups [17,18,21] or communities using a discovery algorithm based on intercity links [13,15,22,23,24,25].



In recent years, innovation has become the core driving force in urban and regional socioeconomic development. The innovation network has emerged as a new research direction for city networks [26,27]. Scholarly research on the innovation network has focused primarily on connections between innovative subjects and connections between industrial clusters at the regional scale [28]. Scholars also have examined the output of scientific cooperation and technical cooperation on national and global scales [29,30]. As an important production factor, the flow of people reflects the functional interconnections that exist between cities and towns. Thus, the present work will examine the spatial structure and city network from this perspective.



In 2009, the State Council issued “Several Opinions on Supporting Fujian Province to Accelerate the Construction of the Economic Zone on the West Side of the Taiwan Strait” (the Economic Zone of WSTS), which marked its transition from an area with local decision-making authority in Fujian Province to an area following the national strategy. Few studies have examined the city connections within this region. The national development strategy has paid more attention to promoting the region as a new economic pole within the WSTS. The need to identify the spatial structures of these city networks is urgent, however, so that this information can be used to provide decision-making support for appropriate policies on a theoretical level and also to study the effects on regional sustainable development. Thus, the target of this research was to identify the spatial structures of city networks at two different scales in the Economic Zone of the WSTS. We measured the strength and direction of intercity links among the study area and characterized the city network structure at different scales from different perspectives to provide support for government policy making. In addition, we provided a theoretical reference for regional resource allocation to ensure more sustainable and balanced regional development. The present work contributes to the research not only by analyzing the city network in a megacity region on different spatial scales but also by considering the direction of these links.



The remainder of this paper is organized as follows: Section 2 introduces the data sources, the research framework, and the research methods. Section 3 describes the city network structure from the regional and local scales by introducing the research area and constructing the functional and innovation networks. Section 4 summarizes the research results, proposes corresponding policy recommendations, and notes shortcomings.




2. Methodology


2.1. Research Area


The Economic Zone of WSTS is located on the southeast coast of China (Figure 1), across from the provinces of Fujian, Zhejiang, and Guangdong (Figure 2). As an important part of the two sides of the Taiwan Strait and the junction of the Yangtze River Delta Economic Zone and the Pearl River Delta Economic Zone, this zone has a special status and importance in regard to the regional spatial situation of China’s economic development. The research area consists of 20 prefecture-level cities, namely: Xiamen, Fuzhou, Quanzhou, Zhangzhou, Longyan, Nanping, Ningde, Sanming, and Putian in Fujian Province; Wenzhou, Lishui, and Quzhou in Zhejiang Province; Chaozhou, Meizhou, Jieyang, and Shantou in Guangdong Province; and Fuuzhou, Ganzhou, Shangrao, and Yingtan in Jiangxi Province (as Fuzhou in Jiangxi Province and Fuzhou in Fujian Province have the same name in English, this paper spells the city in Jiangxi Province “Fuuzhou” to distinguish it from Fuzhou in Fujian Province.) In 2017, for the case area, the population was 95.78 million and the land area was 270,000 square kilometers. Figure 3 shows that Wenzhou, Quanzhou, Ganzhou, Fuzhou, and Shangrao have the five largest populations in the region. From the perspective of gross domestic product (GDP), Quanzhou, Fuzhou, Wenzhou, Xiamen, and Zhangzhou have the five highest GDPs in the region; Xiamen, Fuzhou, Quanzhou, Longyan, and Sanming are the five cities with the highest per capita GDP.




2.2. Data Sources


The intercity flow of people represents the functional connections between cities, and the purpose of people flow is often reflected in the functional connections between cities [31]. In particular, in the context of rapid urbanization in China, intercity people flow has become increasingly frequent. As a result, it often becomes an important driving force for socioeconomic development and urbanization through spatial reallocation and recombination with other elements [32,33].



This study described the characteristics of regional functional networks by portraying people flow in the Economic Zone of WSTS. The data for the flow of people come from the platform of Tencent Position Big Data, which were collected in 2016. Data include information about migration times, travel modes, and migration directions. The data are semi-structured. To reduce the influence of data fluctuation on this analysis, we calculated the standard deviations of people flow data on seven weekdays (April 26–May 11) and seven weekends (April 3–May 28) in 2016, excluding holidays that would lead to obvious data noise. The statistical results of the data collection are shown in Figure 3 and Table 1. In Figure 3, the length of the box reflects the degree of data dispersion. The longer the box, the more discrete the data. Finally, we took the data on April 28 and May 14 in the research area to represent the flow of people on weekdays and weekends, respectively, which showed the minimum standard deviation during the observation period.



The innovation network included a number of the city-dyad’s common patents. The data come from the official website of the World Intellectual Property Organization and are from the period from January 2000 to November 2018.




2.3. Research Framework


As shown in Figure 4, to provide policy-making support to promote the sustainability of the study area, we first constructed a functional network and an innovation network through a number of floating populations across cities and patents shared among cities in Geographic Information System (GIS). To improve the readability of the network figures, we identified the city-dyads with strong or weak connections in the region. To further describe intercity relationships in the region, we calculated the degree of centrality of the cities and classified them accordingly so that we could characterize network structures at the region scale.



The existing research tends to characterize city network structures at the regional scale [3,34]. Sometimes, however, it is limited in its capacity to capture the complexity of city networks on a microlevel. So on the basis of characterizing the city network structure at the regional scale, we tried to further characterize the network structure at the local scale. Specifically, we identified the spatial organization by maximizing the modularity, which was related to the quality of group-dividing results, and we identified cities that had close or estranged relationships. Spatial organization, however, cannot reflect the direction of these links. To further explore intercity relationships in each group, the study calculated link symmetry in each group. Therefore, we could characterize intercity relationships at a microlevel. Meanwhile, to characterize each city’s role in the region, we calculated node symmetry to identify the direction of people flows in each city as a supplement to urban centrality. To some extent, the study further responded to the complexity and dynamics of city networks. Finally, to improve the applicability of the results, we provided policy recommendations and clarified the value of the approach in regard to theoretical and empirical aspects.




2.4. Approaches to Characterize Network Centrality, Spatial or Ganization, and Network Symmetry


2.4.1. Network Centrality


Degree of centrality is the most direct index used to characterize urban centrality [33]. The greater the degree of centrality of a city, the more important the city is, and the greater its centrality [35]. Specifically, city degree centrality refers to the number of cities that connect relatively closely to the city. In a directed network, we divided the degree of centrality into in-degree centrality and out-degree centrality, where the out-degree centrality represented a city’s radiation capacity, and the in-degree centrality represented a city’s absorptive capacity. In addition, in an undirected network, the degree of centrality represented the urban connection strength in the network. The formula is as follows [17]:


CDi=∑j=1nXij



(1)




where CDi represents out-degree centrality or in-degree centrality of city i in the directed network, and indicates the number of cities that connect relatively closely with city i in the undirected network; and Xij presents the directed connection value of city i and city j in the directed network, and presents undirected connection value of city i and city j in the undirected network.




2.4.2. Network Symmetry


The direction of city interaction generally is expressed by symmetry. To quantify the symmetry, Narisra Limtanakool proposed the Node Symmetry Index and the Link Symmetry Index [25]. The former emphasizes the direction of the elements flowing in a city, whereas the latter emphasizes the direction of the elements flowing between cities. Together, they reflect the direction of intercity interaction.



Node symmetry is used to describe the city symmetry reflected by in-degree centrality and out-degree centrality. In-degree centrality and out-degree centrality, however, do not reflect the size of the population across cities, so this paper combined the concept of effective flow rate [36] to optimize node symmetry. For node i


NSIi=∑Ii−∑Oi∑Ii+∑Oi



(2)




where Ii refers to the number of inflowing people of city i from other cities in the region; Oi refers to the number of outflowing people of city i from other cities in the region. When NSIi=-1, city i net outflows people, and when NSIi=1, city i net inflows people.



Link symmetry is used to determine the level of asymmetry in city links, but NSI cannot reflect the direction of links. Liu proposed the modified link symmetry LSΓ, which not only can determine the level of the asymmetry of links but also can judge the direction of links [37]. The calculation formula is as follows:


LSΓij=2fij−1



(3)




where fij refers to the ratio of the traffic that from node i to node j to the traffic from node i and node j. When LSΓij<0, the flow from node i flow to node j is smaller than the flow from node j flow to node i. When LSΓij=0, the link is a bidirectional equivalent flow. When LSΓij>0, the flow from the node i flow to the node j is greater than the flow from the node j flow to the node i.




2.4.3. Spatial Organization


Spatial organization is often characterized by the index of the group structure, which reflects the relative strength of intercity interaction. The network is differentiated into groups with relatively close internal nodes in a group and relatively loose relationship with other groups. It is of great significance for discovering implicit modes and internal organizations of the network and for predicting its behavior [38]. The Fast Unfolding Community Detection algorithm based on modularity performed well in both efficiency and effect and was easy to understand [23]. This method took the module degree as the most important indicator, and its goal was to maximize the module degree. Modularity is a standard proposed by Newman to measure the obviousness of network group structure [24], which is an inherent attribute value of networks. The formula is as follows:


Q=12m∑ijAij−kikj2mδCi,Cj



(4)




where Aij is the edge weight between nodes i and j, which represents the sum of all edges’ weights in the network; ki and kj represent the degree value of node i and node j in an unweighted network; Ci represents groups where the node i is located; Cj represents groups where the node j is located; m represents the maximum number of connections that may exist in the network. The Q value, which represents modularity, was between 0 and 1, and the closer the modularity to 1, the more obvious the group structure was. The modularity was usually between 0.3 and 0.7 [16], so when the modularity was less than 0.3, we considered that the group structure of the network was not obvious, that is, the quality of group division was poor.






3. Results


3.1. Network Construction and Analysis


3.1.1. Functional Network


The present research uses the size of the floating population across cities to characterize the strength of intercity people links and builds the functional network of the Economic Zone of WSTS on the basis of the links. According to the time, the people flow was divided into the people flow on weekdays and the people flow on weekends. We assumed that business was the main purpose of intercity flow on weekdays, and tourism was the main purpose of intercity flow on weekends.



Referring to the threshold division of natural break points, the study defined an intercity flow of less than 1100 people to be insignificant people links, more than 12,000 but less than 28,000 to be the main people links, and more than 28,000 people to be core people links.



The study found that on weekdays (Figure 5), the core people links occurred in Xiamen–Quanzhou, Xiamen–Zhangzhou, and Shantou–Jieyang, and on weekends, Shantou–Chaozhou also experienced core people links. From the perspective of administrative jurisdiction and locations, these were all border cities in the same province. The significant people links created a structure of an outer ring shape around the region and a diamond shape inside Fujian Province, both on weekdays and on weekends. Most of these links were distributed along the eastern coast of the region. The main people links that occurred on weekends were in Xiamen–Zhangzhou, Quanzhou–Xiamen, Jieyang–Shantou, Chaozhou–Shantou, Fuzhou–Ningde, Fuzhou–Putian, Fuzhou–Quanzhou, Putian–Quanzhou, and Fuzhou–Xiamen, and 88.9% of these links were between border cities in the same province. On weekdays, in addition to the main people links from the weekends, Fuzhou–Nanping also was included in the main people links. Of these links, 90% of them occurred at border cities in the same province. Therefore, the intercity business connections and tourism connections in the region were subject to some restrictions of distance. Compared with nonadjacent cities and cities in different provinces, people were more inclined to have business cooperation with, and short-distance travel to, border cities in the same province.




3.1.2. Innovation Network


The present research used the number of shared patents (i.e., co-patents) between cities to characterize the strength of intercity innovation cooperation links, and we created an innovation network of the Economic Zone of WSTS on the basis of these links (Figure 6).



The co-patent referred to the invention patents that had been jointly applied for by multiple entities and that had been approved by the government [39]. It was the most direct and effective way to reflect knowledge sharing and innovation cooperation. The use of co-patents to conduct research within an innovative network has been recognized by scholars [40,41,42]. Referring to the threshold division of natural break points, this study defined less than 10 intercity co-patents to be insignificant links, defined more than 10 but less than 15 intercity co-patents to be main innovation cooperation links, and defined more than 15 co-patents to be core innovation cooperation links. Figure 3 shows that from 2000 to 2018, the core innovation cooperation links were made in Fuzhou–Quanzhou and Fuzhou–Zhangzhou. The main innovation cooperation links were in Xiamen–Nanping, Xiamen–Fuzhou, and Fuzhou–Meizhou. In addition, Fuzhou was the main innovation cooperation node in the region.





3.2. Analysis of Network Centrality


This study used degree of centrality as the indicator of urban centrality. The functional network was a directed network, and the degree of centrality in the network was divided into in-degree centrality and out-degree centrality. To identify the threshold division of natural break points, we took an appropriate value of a threshold to determine whether having a tight functional or innovative relation existed between cities. If the connection was greater than the threshold, the value of intercity link was recorded as 1, and the opposite was recorded as 0. Finally, we added the value of intercity links and obtained each city’s degree of centrality.



This study analyzed node characteristics of the city networks according to connection strength (Table 2), radiation capacity, and absorptive capacity (Table 3, Figure 7) of the cities characterized by the degree of centrality. The results showed that from the perspective of the connection strength of one city compared with other cities in the region, the common characteristics of a functional network and an innovation network were as follows: Fuzhou, Xiamen, Quanzhou, Nanping, Wenzhou, and Ganzhou formed a ring-shaped area with close connections to other cities in the economic zone.



The differences between these two networks’ characteristics were as follows.



From the perspective of connection strength, Xiamen, Quanzhou, Fuzhou, and Ganzhou ranked in the top four on weekdays and weekends in the functional network, which reflected their strong competitiveness. In addition, most cities had stronger connection strength on weekends than on weekdays, which reflected the strong demand for cross-city tourism of the regional people on weekends. In addition, in the innovation network, the connection strength of Fuzhou and Xiamen ranked in the top two. Ganzhou, Jieyang, Longyan, Ningde, Shangrao, Yingtan, and Quzhou, however, did not have any innovation cooperation with other cities in the region during this period. By combining both networks, Xiamen and Fuzhou had the closest connections to other cities in the region from the perspective of function and innovation.



This study measured an urban area’s radiation and absorption ability by analyzing in-degree centrality and out-degree centrality in regional cities compared with other cities in China. The results showed that Xiamen, Fuzhou, Quanzhou, Shangrao, and Ganzhou were within the top six of in-degree centrality and out-degree centrality on both weekdays and on weekends (Table 3), which reflected their strong radiation and absorption ability. In addition, on weekdays, the average out-degree centrality of cities in the region was 22.5, and the average in-degree centrality was 22.3. On weekends, the average out-degree centrality of cities in the region was 18.4, and the average in-degree centrality was 18.7. This finding showed that urban radiation and absorption ability were almost the same on weekdays and on weekends. Compared with urban radiation and absorption ability on weekdays, it decreased on weekends.



Therefore, according to urban centrality characterized by the degree of centrality, it was evident that Fuzhou and Xiamen ranked in the first level of centrality; Quanzhou, Wenzhou, and Zhangzhou ranked in the second level of centrality, and other cities ranked in the third level of centrality.




3.3. Identification of Spatial Organization


The study used the Fast Unfolding Community Detection method to identify spatial organization. The approach continually evaluated and compared the benefits generated by each city being divided into different communities through an index of modularity, and finally obtained the optimal solution. As the key index, modularity reflected the obviousness of the community structure and could be used to evaluate the availability of the result, and these values were directly proportional. When the modularity was greater than 0.3, we regarded it a reliable result.



The group structure was an important feature of a network, which was composed of multiple groups. The degree of closeness within a group was higher than that outside the group. Different group structures affected the geospatial organization of a city. We used the Fast Unfolding Community Detection algorithm based on modularity in Gephi [38] to divide networks into groups (Figure 8). The study found that the functional network could be divided into four types of groups on weekdays, and the modularity was 0.34. In addition, the functional network could be divided into three types of group on weekends, and the modularity was 0.40. The modularity of weekdays and weekends was within the normal range, so the group structure of the network was obvious. We divided the innovation network into two types of groups and the modularity was 0.17, which indicated that the group structure in the network was not obvious. Because the obvious structure of groups was the necessary basis for the analysis of the spatial organization of the city networks, the study analyzed the spatial organization of the region only through the functional network.



In a functional network, on weekdays, the geographic proximity of groups was weak, and the feature of an enclave was obvious. This showed that there were many long-distance business connections. Among them, Yingtan, Shangrao, Quzhou, and Fuzhou, which were weak in centrality, constituted a group, which we called the “Ying–Shang–Qu” group. The group’s shape was relatively complete. Quanzhou, which had a strong centrality, and Chaozhou, Shantou, Jieyang, and Putian, which were weak in centrality, constituted a group, which we called the “Quan–Chao–Shan” group. The group’s shape was scattered. Xiamen, which was one of the cities with the strongest centrality, Wenzhou, and Ganzhou, which had a strong centrality, and Nanping, Lishui, Longyan, and Meizhou, which were weak in centrality, constituted a group, which we called the “Xia–Wen–Gan” group. The group’s shape was also scattered. Fuzhou, which was another one of the cities with the strongest centrality, and Ningde, Zhangzhou, and Sanming, which were weak in centrality, constituted a group, which we called the “Fu–Ning–Zhang” group. Although the group included individual cities exhibiting the characteristics of enclave, cities in the middle of the region made up the main body. Therefore, we found that Xiamen and Zhangzhou were special, because they had close relationships with cities that did not border them, in particular, Xiamen. This relationship reflected the wide range of influence of Xiamen.



On weekends, the groups divided by functional network had obvious characteristics of geographic proximity, and all groups were composed of geographically neighboring cities. The groups were in a group shape and were relatively complete. Among them, Meizhou, Chaozhou, Shantou, and Jieyang, which were weak in centrality, constituted a group, which we called the “Mei–Chao–Shan” group. Xiamen, which was one of the cities with the strongest centrality, Quanzhou, which had strong centrality, and Zhangzhou and Putian, which were weak in centrality, constituted a group, which we called the “Xia–Quan–Zhang” group. Fuzhou, which was another one of the cities with the strongest centrality, Whenzhou and Ganzhou, which were strong in centrality, and other cities with weak centrality constituted a group, which we called the “Fu–When–Gan” group.



The members of these groups were scattered on weekdays and concentrated on weekends. In addition, the “"Ying–Shang–Qu” group on weekdays and the “Mei–Chao–Shan” group on weekends lacked cities with strong centrality.




3.4. Analysis of Symmetry


We used node symmetry to measure the proportion of inflows and outflows of elements in a city. We used link symmetry to measure the direction and degree of difference in the flow of elements in a link, which reflected the unequal flow of intercity elements. This paper described the symmetry of functional networks in the Economic Zone of WSTS using node symmetry and link symmetry. In addition, we judged the main direction of people flows in each city and between two cities and measured the differences of intercity people’s bidirectional flow. We finally revealed the relationships of those cities with strong centrality, as well as other cities in the group. Because the analysis of symmetry required directional data, whereas innovative cooperation between cities did not have the attribute of direction, the study analyzed the analysis of symmetry only through the functional network.



3.4.1. Analysis of Node Symmetry


To reflect the size of the floating population across cities, this paper optimized node symmetry by replacing degree of centrality with the size of the floating population across cities. We measured the degree of people net inflow or people net outflow of cities according to node symmetry. The closer the node symmetry was to 1, the more serious the net inflow of people to cities. The closer the node symmetry was to −1, the more serious the net outflow of people to cities.



We analyzed the characteristics of city nodes in functional networks through node symmetry (Table 4) and spatialized these characteristics (Figure 9). The results showed that on weekdays and weekends, cities with a higher proportion of people outflows than inflows were distributed in the eastern part of the region, among them, on weekdays, the proportion of people outflows in Wenzhou, Fuzhou, and Xiamen, and that this proportion was higher than the proportion of people inflows. As such, they mainly showed an outflow of people. On weekends, the proportion of people outflows in Fuzhou, Xiamen, Shantou, and Wenzhou was higher than the proportion of people inflows. This suggested that as cities that were strong in centrality, Xiamen, Fuzhou, and Whenzhou showed net outflow of people on weekdays and weekends. In addition, 16 cities had a higher proportion of people inflows than the proportion of people outflows both on weekdays and weekends, including Chaozhou, Fuuzhou, Ganzhou, Jieyang, Lishui, Longyan, Meizhou, Nanping, Ningde, Putian, Quzhou, Quanzhou, Sanming, Shangrao, Yingtan, and Zhangzhou, and 87.5% of them were cities that were weak in centrality. The node symmetry of Longyan and Ganzhou ranked in the top three on weekdays and weekends. As for Shantou, the proportion of people inflows was relatively higher on weekdays, whereas the proportion of people outflows was relatively higher on weekends, which indicated that it mainly was manifested in the inflow of people on weekdays and the outflow of people on weekends.




3.4.2. Analysis of Link Symmetry


The link symmetry proposed by Liu Zhen reflected the difference in the proportion of factor flows between two cities and the direction of the dominant flow [37]. When the link symmetry was 0, the corresponding link was a bidirectional equivalent flow. The closer the absolute value of the link symmetry was to 1, the greater the difference in the size of the floating population across cities, and the less sustainable the urban relation.



According to link symmetry, we analyzed the direction and difference in the exchange of people to reflect the unequal flow of people crossing to cities, and thus revealed relationships of unequal attraction between cities. As for city-dyads, the total size of the floating population across cities was relatively small, the intercity people flows were relatively inactive, and the corresponding link symmetries had contingency. Therefore, this study eliminated them, with a threshold of 100 person-times, and only the city-dyads with a floating population more than 100 person-times across cities were taken as research objects. Referring to the threshold division of natural break points, the study defined the links with asymmetry less than 0.05 as almost symmetric links, defined the links with asymmetry greater than 0.05 but less than 0.15 as slightly asymmetric links, defined the links with asymmetry greater than 0.15 but less than 0.3 as moderately asymmetric links, defined the links with asymmetry greater than 0.3 but less than 0.7 as significantly asymmetric links, and defined the links with asymmetry greater than 0.7 as highly asymmetric links. This study analyzed symmetrical relationships between cities with strong centrality, as well as other cities within the group, and thus we could further characterize the structure of the functional network (Figure 10).



The results showed that on weekdays, in the “Xia–Wen–Gan” group, for Xiamen, which was one of cities with the strongest centrality in the region, people flowed from Xiamen to Meizhou, Nanping, and Longyan in a moderately asymmetrical way, and people flowed from Xiamen to Wenzhou in a slightly asymmetrical way. For Wenzhou and Ganzhou, which had strong centrality, people flowed from Meizhou and Nanping to Ganzhou, and from Wenzhou to Nanping in a moderately asymmetrical way. In addition, people flowed from Whenzhou to Ganzhou and Longyan in a slightly asymmetrical way. Therefore, people in Xiamen and Wenzhou flowed in a mainly asymmetrical way to cities with weak centrality. In the “Fu–Ning–Zhang” group, for Fuzhou, which was one of cities with the strongest centrality in the region, people flowed from Fuzhou to Zhangzhou and Sanming in a moderately asymmetrical way. People also flowed from Fuzhou to Ningde in a slightly asymmetrical way. In the “Quan–Chao–Shan” group, for Quanzhou, which had strong centrality, people flowed from Chaozhou and Shantou to Quanzhou in a slightly asymmetrical way. On weekends, in the “Xia–Quan–zhang” group, for Xiamen, people flowed from Xiamen to Zhangzhou, Quanzhou, and Putian in a slightly asymmetrical way. In the “Fu–Wen–Gan” group, for Fuzhou, people flowed from Fuzhou to Yingtan in a highly asymmetrical way. People flowed from Fuzhou to Longyan, Quzhou, and Ganzhou in a significantly asymmetrical way. People also flowed from Fuzhou to Shangrao in a moderately asymmetrical way. For Wenzhou, people flowed from Longyan to Whenzhou, and from Whenzhou to Yingtan in a highly asymmetrical way. People flowed from Ganzhou to Whenzhou in a significantly asymmetrical way. People also flowed from Whenzhou to Sanming in a moderately asymmetrical way. For Ganzhou, people flowed from Ganzhou to Nanping, Ningde, and Yingtan, and from Shangrao to Ganzhou in a highly asymmetrical way. People also flowed from Fuuzhou to Ganzhou in a significantly asymmetrical way.






4. Discussion and Conclusions


4.1. Discussion


This section discusses intercity relationships at the regional scale and the local scale of the Economic Zone of the WSTS. We subdivided our examination of the local scale to include inter-provincial, intra-provincial, and group perspectives.



From the regional scale perspective, we found that a multilevel spatial network structure in the region had taken shape. Among the cities in this study, Xiamen, Fuzhou, and Wenzhou created a spillover effect to other cities and experienced a phenomenon of depolarization. Other cities, especially cities in the middle and west of the region, which are all small and midsize cities, experienced a net inflow of people. This result was similar to those from Xu’s study, which constructed a regional economic interaction evaluation system. Xu found that the overall urbanization level of the cities in the middle and west of the region was low but that the economic growth rate was higher than that of the eastern cities in the region, which are cities with strong centrality [43].



To some extent, this result was inconsistent with Ning’s study, which analyzed statistical data and revealed that the talents were outflowing from Jiangxi Province to other cities located in the middle and west of the region [44]. Differences existed on the time granularity of the research data between these two research studies. The talent flow data in Ning’s study were long-term statistical data, whereas the people flow data in this study were short-term data. Conversely, one possible reason for the net people inflow to the cities in the middle and west of the region could be that the economic connections between these cities and other cities in the network were becoming stronger—for example, an increase of industrial investment in the cities or an increase in investment to set up branch offices, which also resulted in an increase in labor and in the number business trips required between the head office and branch offices. These reasons should be further investigated along with the reasons for population flow used in the present work and will be an important focus of our further research. From these results, our study showed that urbanization of small and midsize cities in the region was common. In light of the difficulty of getting the citizenship to move to big cities, the choice of developing small and midsize cities has become a current trend.



From an interprovincial perspective, by identifying spatial organizations, we found that interprovincial business connections were close and that there were many long-distance business connections among cities. These connections reflected the fact that the business environment of the region was free and open. This result was inconsistent with Liu’s study, which used a regional economic development coordination degree evaluation system [45]. Liu found, in 2011, that administrative divisions existed among the four provinces in the region, which hindered the flow of production and economic factors. This result showed that the flow of regional interprovincial factors became more liberal and that the region was becoming more integrated. In addition, we found that the primary reason for the flow of people on weekends was for short-distance travel, which was understandable. Because people have a limited amount of time, they tend to travel or recreate in the cities in which they are located or to the surrounding cities on weekends. In addition, on weekdays, each city in the “Ying–Shang–Qu” group and, on weekends, each city in the “Mei–Chao–Shan” group had weak centrality, and these groups did not include any cities with strong centrality. This finding revealed that the polycentric development pattern of the region had not entirely taken shape and needed to improve.



Based on the group analysis in Section 3.3, other than interprovincial people connections, we found cities in Zhejiang Province, Jiangxi Province, or Guangdong Province were members of two different groups on weekdays, and cities in Fujian Province were members of three different groups on weekdays. Isolated cities did not exist for any of the groups in Fujian Province. This result was inconsistent with the results from Liu’s study, which revealed that administrative divisions existed between neighboring cities in the same province in the region [45]. However, the results of our study further clarified that the cities in each group in Fujian Province had close relationships and very few administrative divisions existed. Thus, we do not think there are obvious administrative divisions between cities (some of them are neighboring cities) in one group, while we still need to further clarify whether any administrative divisions exist between groups.



Considering the existing regional planning in Fujian Province, it has divided the province into two city regions: Xiamen is the center of one region and is surrounded by Quanzhou, Zhangzhou, and Longyan; Fuzhou is the center of the other region and is surrounded by Sanming, Nanping, Putian, and Ningde. This division was inconsistent with the three city groups in Fujian Province. In the Xiamen-centered city region, Quanzhou, Zhangzhou, and Xiamen belonged to different groups. In addition, in the Fuzhou-centered city region, Putian, Nanping, and Xiamen belonged to different groups. To improve the relationship between planning and status quo, we suggest to adjust the cities contained in these planning regions according to the range of each group, rather than to limit each region to neighboring cities. Another solution is to identify reasons behind this phenomenon to strengthen the connections among the cities in each planed city region, which will be a focus of our further research.



Additionally, we defined the core people link and main people link as links with strong connections. In Fujian Province, we found that Fuzhou had a strong connection with Ningde and Putian, and Xiamen had a strong connection with Zhangzhou and Quanzhou. Thus, this region had formed a city region that included Fuzhou, Ningde, and Putian, as well as another city region that included Xiamen, Zhangzhou, and Quanzhou. In addition, in Jiangxi Province, Ganzhou was a city with strong centrality, but the connections between Ganzhou and Fuuzhou, Yingtan, and Shangrao were weak on weekdays. Also, in Zhejiang Province, Whenzhou was a city with strong centrality, but the connection between Whenzhou and Quzhou was weak.



From the group perspective, Quanzhou and Ganzhou had a moderate siphon effect on small and midsize cities within the group on weekdays. Although it accelerated the formation of regional economic growth poles and industrial cities, it easily contributed to the loss of production actors and economical actors, including talent, capital, and labor, in the small and midsize cities. This obviously was an unsustainable development pattern. Meanwhile, Xiamen, Fuzhou, and Whenzhou had a spillover effect on small and midsize cities within the group, in particular in Fuzhou and Whenzhou on weekends. This result suggested that the people flow mode between Xiamen, Fuzhou, or Whenzhou and other cities in the group was sustainable.




4.2. Conclusions


In the process of identifying and characterizing the spatial structure of city networks and the balance of the floating population across cities, this study quantitatively characterized the spatial structure and the interrelationships among cities in the Economic Zone of WSTS by coupling the regional and local scales.



The approach characterizing city network structures at regional and local scales can better reflect the role of each city and their intercity relationships. This approach contributes to our understanding of the implications of city networks more comprehensively. By identifying and characterizing the spatial structure of city networks at the local scale and taking the direction of these links into account, this approach can characterize intercity relationships in a microscopic and detailed way, which is consistent with the increasing complexity of city networks.



Furthermore, the effective identification of city network structure is related to the sustainable development of the region, and it can assist in making production factors and economic factors operate more efficiently. Thus, the ability to identify city network structures from multiple scales is conducive to the promotion of sustainability in the region and to improvement in the flowing efficiency of production factors and economic factors. The approach taken in this study has certain application space and reference value in the research of city networks. It is especially relevant in the era of increasing complexity of city networks. The approach also is applicable to the study of intercity relationships at the microlevel and to the study of the balance of intercity element flows.



To promote the efficiency and reasonability of factor flow in the region, we proposed the following policy recommendations:



For the groups that lacked a city with strong centrality, we should focus on the cultivation of growth poles to strengthen the polycentric development pattern and effectively lead the development of these groups. A significant imbalance in the innovation cooperation between cities in the region appears to be weak on the whole, except for those cities with strong centrality. Thus, it is urgent for the region to increase the integral investment on research and development in the future, improve the capacity for innovation of science and technology, and introduce relevant talent. Because of the current dilemma regarding large-scale net outflow of production factors in the Economic Zone of WSTS to the Yangtze River Delta Economic Zone and the Pearl River Delta Economic Zone [46], a clear development orientation and pathway for Xiamen and Fuzhou is needed urgently. These cities have strong centrality in the area, at the national level, and at the international level. We need to evaluate the foundation of urban development and the carrying capacity of resources and the environment to improve the competitiveness and centrality of the region on a larger regional scale. Institutional security should be discussed in depth. For the central and western cities in the region, the local government should develop planning policies to promote the urban development of these cities in the future.



The Southwestern Synergistic Development Zone Planning and the Northeastern Synergistic Development Zone Planning are typical regional plans in Fujian Province. The former includes Quanzhou, Zhangzhou, Longyan, and Xiamen; the latter includes Ningde, Putian, Nanping, Sanming, and Fuzhou. This planning is inconsistent with the city regions that naturally formed (discussed in Section 3.1.1). The links between Longyan–Xiamen, Nanping–Fuzhou, and Sanming–Fuzhou were weak. Therefore, whether Longyan should belong to the Southwestern Synergistic Development Zone, and whether Nanping and Sanming should belong to the Northeastern Synergistic Development Zone deserves thoughtful consideration. To promote provincial planning in Jiangxi Province, Zhejiang Province, and Guangdong Province, it is necessary to strengthen connections in each province, including links between Zhangzhou–Fuzhou, Zhangzhou–Yingtan, Zhangzhou–Shangrao, Wenzhou–Zhangzhou, Meizhou–Jieyang, Meizhou–Shantou, and Meizhou–Chaozhou.



The present research has some shortcomings, however. The study constructed the functional network from the perspective of people flow, without considering other production factors, such as capital. In addition, to analyze the floating population across cities, the study adopted an empirical hypothesis, but it did not combine questionnaires, interviews, and other field surveys. This will be the direction of further research.
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Figure 1. Location map of the Economic Zone of WSTS and its districts: (a) geographic location of the study area; and (b) administrative districts of the study area. 
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Figure 2. The social and economic situation of the Economic Zone of WSTS (Note: Data are from the Fujian Statistical Yearbook (2018), Guangdong Statistical Yearbook (2018), and Zhejiang Statistical Yearbook (2018). 
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Figure 3. The box plots of people flows on (a) weekdays and (b) weekends. 
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Figure 4. The research framework. 
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Figure 5. Functional network of the Economic Zone of the WSTS on (a) weekdays and (b) weekends. 
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Figure 6. Innovation network of the Economic Zone of the WSTS. 
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Figure 7. Spatialization of degree centrality of functional networks in the Economic Zone of WSTS, including in-degree centrality on (a) weekdays and (b) weekends, and out-degree centrality on (c) weekdays and (d) weekends. 
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Figure 8. Group spatial distribution of functional network on (a) weekdays and (b) weekends in the Economic Zone of WSTS. 
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Figure 9. Nodes symmetry of functional network in the Economic Zone of WSTS on (a) weekdays and (b) weekends. 
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Figure 10. Link symmetry of functional network in the Economic Zone of WSTS on (a) weekdays and (b) weekends. 
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Table 1. Descriptive statistics of people flow data on weekdays and weekends.
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	Date
	Average
	Standard Deviation
	Median
	Maximum
	Minimum





	April 3
	2308.09
	6580.537
	309
	64,837
	2



	April 26
	1042.958
	2782.742
	191.5
	20,889
	1



	April 27
	1062.071
	2883.85
	165
	21,920
	1



	April 28
	894.388
	2430.667
	170
	18,116
	1



	April 29
	1933.426
	5515.523
	232.5
	52,075
	1



	May 8
	1265.929
	3707.691
	172
	33,272
	1



	May 9
	986.3842
	2799.771
	156.5
	21,618
	1



	May 10
	1234.703
	3160.43
	231.5
	24,518
	1



	May 11
	925.278
	2510.338
	161.5
	19,035
	1



	May 14
	1135.575
	3451.58
	167
	31,577
	1



	May 15
	1349.989
	4163.396
	162
	42,022
	1



	May 21
	1080.435
	3200.805
	157
	29,377
	1



	May 22
	1233.206
	3735.8
	159
	36,570
	1



	May 28
	1193.293
	3545.245
	183
	32,650
	2
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Table 2. The degree of centrality of the city networks in the Economic Zone of WSTS (connection strength).
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	Cities
	Functional Network (on Weekdays)
	Cities
	Functional Network (on Weekends)
	Cities
	Innovation Network





	Fuzhou
	17
	Ganzhou
	17
	Fuzhou
	9



	Xiamen
	17
	Fuzhou
	16
	Xiamen
	7



	Ganzhou
	15
	Quanzhou
	16
	Nanping
	6



	Wenzhou
	14
	Xiamen
	16
	Meizhou
	4



	Zhangzhou
	14
	Nanping
	15
	Wenzhou
	4



	Nanping
	14
	Longyan
	15
	Lishui
	3



	Quanzhou
	13
	Zhangzhou
	15
	Quanzhou
	3



	Putian
	12
	Wenzhou
	13
	Sanming
	3



	Fuuzhou
	11
	Putian
	12
	Zhangzhou
	3



	Sanming
	11
	Sanming
	12
	Chaozhou
	2



	Shantou
	11
	Yingtan
	12
	Fuuzhou
	1



	Shangrao
	11
	Fuuzhou
	11
	Putian
	1



	Longyan
	9
	Ningde
	11
	Shantou
	1



	Ningde
	9
	Shangrao
	11
	Ganzhou
	0



	Chaozhou
	8
	Chaozhou
	9
	Jieyang
	0



	Jieyang
	8
	Jieyang
	9
	Longyan
	0



	Meizhou
	8
	Shantou
	9
	Ningde
	0



	Quzhou
	8
	Quzhou
	8
	Quzhou
	0



	Yingtan
	7
	Meizhou
	7
	Shangrao
	0



	Lishui
	5
	Lishui
	6
	Yingtan
	0
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Table 3. The degree centrality of functional network of the Economic Zone of WSTS (in-degree centrality and out-degree centrality).
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Weekday

	
Weekend




	
Cities

	
Out-Degree Centrality (c)

	
Cities

	
In-Degree Centrality (a)

	
Cities

	
Out-Degree Centrality (d)

	
Cities

	
In-Degree Centrality (b)






	
Xiamen

	
47

	
Xiamen

	
41

	
Wenzhou

	
34

	
Xiamen

	
36




	
Fuzhou

	
43

	
Ganzhou

	
38

	
Xiamen

	
33

	
Ganzhou

	
32




	
Wenzhou

	
41

	
Fuzhou

	
36

	
Fuzhou

	
30

	
Shangrao

	
30




	
Quanzhou

	
37

	
Shangrao

	
34

	
Ganzhou

	
30

	
Fuzhou

	
28




	
Shangrao

	
37

	
Wenzhou

	
34

	
Shangrao

	
29

	
Quanzhou

	
28




	
Ganzhou

	
35

	
Quanzhou

	
31

	
Quanzhou

	
27

	
Wenzhou

	
28




	
Fuuzhou

	
21

	
Fuuzhou

	
25

	
Fuuzhou

	
20

	
Fuuzhou

	
21




	
Quzhou

	
20

	
Yingtan

	
22

	
Quzhou

	
17

	
Quzhou

	
17




	
Zhangzhou

	
18

	
Quzhou

	
20

	
Meizhou

	
15

	
Shantou

	
17




	
Nanping

	
17

	
Zhangzhou

	
19

	
Nanping

	
15

	
Zhangzhou

	
17




	
Shantou

	
17

	
Shantou

	
18

	
Shantou

	
15

	
Jieyang

	
15




	
Jieyang

	
16

	
Jieyang

	
17

	
Zhangzhou

	
14

	
Meizhou

	
14




	
Yingtan

	
16

	
Nanping

	
17

	
Jieyang

	
14

	
Nanping

	
14




	
Chaozhou

	
13

	
Meizhou

	
15

	
Chaozhou

	
13

	
Chaozhou

	
12




	
Meizhou

	
13

	
Chaozhou

	
14

	
Yingtan

	
12

	
Lishui

	
12




	
Putian

	
13

	
Ningde

	
14

	
Ningde

	
11

	
Ningde

	
11




	
Lishui

	
12

	
Putian

	
14

	
Sanming

	
11

	
Putian

	
11




	
Ningde

	
12

	
Sanming

	
13

	
Lishui

	
10

	
Yingtan

	
11




	
Sanming

	
11

	
Lishui

	
12

	
Putian

	
10

	
Longyan

	
10




	
Longyan

	
10

	
Longyan

	
12

	
Longyan

	
8

	
Sanming

	
10
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Table 4. Node symmetry of functional network in the Economic Zone of WSTS.
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	Cities
	Weekday
	Cities
	Weekend





	Meizhou
	0.195
	Zhangzhou
	0.108



	Longyan
	0.156
	Longyan
	0.075



	Ganzhou
	0.151
	Ganzhou
	0.068



	Quzhou
	0.114
	Nanping
	0.067



	Fuuzhou
	0.100
	Ningde
	0.063



	Sanming
	0.098
	Meizhou
	0.056



	Shangrao
	0.093
	Shangrao
	0.054



	Ningde
	0.079
	Chaozhou
	0.052



	Chaozhou
	0.077
	Lishui
	0.052



	Putian
	0.066
	Fuuzhou
	0.051



	Zhangzhou
	0.066
	Quanzhou
	0.049



	Yingtan
	0.065
	Putian
	0.042



	Lishui
	0.058
	Quzhou
	0.040



	Nanping
	0.057
	Sanming
	0.029



	Shantou
	0.032
	Jieyang
	0.025



	Quanzhou
	0.022
	Yingtan
	0.017



	Jieyang
	0.019
	Shantou
	−0.023



	Wenzhou
	−0.014
	Wenzhou
	−0.027



	Xiamen
	−0.051
	Fuzhou
	−0.075



	Fuzhou
	−0.115
	Xiamen
	−0.090
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