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Abstract

:

Regional integration is a global trend and an integrated region consists of different cities of different sizes and functions, against which researching their organized structure is an important issue when discussing regional coordinated development. So, we construct the city networks, among which cities and their linkages are regarded as nodes and connections, to explore the spatial characteristics of a region and evaluate the integration level. The Yangtze River Delta Urban Agglomeration (YRDUA) is taken as the study area. For city nodes, this paper first evaluates the cities’ qualities comprehensively based on the multidimensional indicators during the rapid cities’ developmental period from 2005 to 2019. For city linkages, the interactions between different cities are then assessed by the improved gravity model. Then, the city networks consisting of city nodes and their linkages are constructed and analyzed by the social network analysis to deeply understand the orientations and relationships of cities in an integrated region. The results show that the developmental pace of different cities is imbalanced. The overall network of the YRDUA is relatively compact of the city-pair linkages forming the overlapping structure from primary to secondary axes, and different cities have specific functions. However, some small cities do not reach a mutual connection with big cities and face the risk of social resource outflow. In conclusion, attention to the existence of latent hierarchy should be paid to avoid the marginalization of small cities, especially under administrative intervention. The findings can enrich research on cities′ relationship and integration level of the YRDUA, and the specific characteristics of spatial organization paralleling with the leading development of the YRDUA can provide the reference to other regions under the strategy of national regional coordination.
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1. Introduction


The distance shrinks and ties strengthen continuously between cities due to economic globalization, rapid urbanization, transportation facilitation, and so on, under which the urban agglomeration and region emerge. Regional integration was regarded as a developmental law of world cities, the process of increasing density, shortening distance, and reducing segmentation, or one of the most active economic phenomena in the new era [1]. It can be divided into transnational and domestic integration, and the former pursues the common market and mutual development by an economic or political union to eliminate the trade discrimination and other factors hindering economic development, such as the European Union (EU) and Association of Southeast Asian Nations (ASEAN) [2,3]. The latter, which is regional integration, is the hotspot when discussing domestic cities’ development. The integrated region usually is one of the best-developmental areas in a country, with the highest industrialization and urbanization level, which often appears in the form of urban agglomeration [4]. Urban agglomeration has become the driving force to promote national and regional growth [5] and is regarded as the major unit for global competition in the future [6,7], i.e., the high quality of urban agglomeration is crucial to both domestic stability and international status. Especially for China whose urbanization has entered a new stage, shortening the difference and achieving coordinated development of cities through regional integration are vital to the urbanization transition.



These realities draw attention to the spatial structure of urban agglomeration, as it reflects the relationship between cities of different functions and the spontaneous spatial organized characteristics rather than the administrative structure of the urban agglomeration, which plays a considerable role in the stability and prosperity level of the urban agglomeration [8]. Cities among integrated regions keep close and frequent contact. On the one hand, the region enlarges the market scale constantly by resources agglomeration, on the other hand, the multi-subjects can realize coordinated development by specialization and division. Thus, targets of improving resources utilization efficiency, giving different industrial facilities to the ground, satisfying employment demand at different levels, and increasing the city’s capacity for anti-risk will be achieved, and finally, a prosperous win–win situation is presented. Exploring the characteristics of the spatial structure of the urban agglomeration can provide evidence for interaction between cities and the stage of regional integration for optimizing the regional structure and promoting benign development. As the linkage among cities increasingly strengthens, the location space is replaced by flow space [9], and it has gradually formed a spatial network structure of urban agglomeration with cities as nodes and urban links as chains, which reflects the different combinational relationships of points and lines. The spatial network structure, breaking the traditional hierarchical spatial orderings as visible in the administrative organization [10] and extending the central place theory, becomes a new manifestation form of the spatial structure of urban agglomeration [11]. City networks serve as one of the major conduits for the regional integration process through the exchange of people, products, capital, ideas, etc., so that the region becomes more than the sum of its parts [12].



Many scholars started to research the spatial linkage of different aspects of cities’ interaction based on the city networks. This research mostly focused on the transportation network initially, especially premised on the passenger flow and different transportation facilities, such as railways [13,14,15] and airlines [16,17,18], or other infrastructure network structures focusing on physical functions [19]. The subsequent literature pays attention to the spatial network structure in different fields, such as tourism [20], environment [21], business [22], and population migration [23]. Some scholars argue that innovation [24], green agriculture [25], knowledge integration [26], etc., are other relevant aspects of city networks. However, the existing research mainly evaluates from a single dimension, which cannot assess the overall spatial linkage of the city network comprehensively, because it is diverse and integrated and covers aspects of the economy, society, environment, and so on, and has its own organizational and dynamic features [27].



Cities’ interaction and linkage are the major manifestation of the spatial structure of urban agglomeration, against which the gravity model is applied to evaluate the linkage intensity [28]. The traditional gravity model is majorly used in international bilateral trade, like Newton’s universal gravitation law, the trade scale is proportional to the economic scale of a country and inversely proportional to the distance between two countries. The gravity model of trade gradually received the support of theory and became improved [29]. Similarly, scholars believe that the connection among cities can also be explored by it. It is an important tool of city research and is used as the workhorse of empirical research on spatial connection. However, different research has tried to revise it to enhance its applicability in terms of the specific purpose, which has advantages and disadvantages, such as ignoring the direction and asymmetry or using a single indicator to represent the city scale. In addition, those studies usually only focus on the static spatial characteristics of a single year.



Keeping pace with the statistic empirical research, the regional planning and policy have received focus, which jointly promote the development of urban agglomeration. Especially for China whose regional integration has arisen to the height of national strategy, the government always devotes itself to the regional coordinated development. The Yangtze River Delta Urban Agglomeration (YRDUA), one of the biggest urban agglomerations in China, issued the recent planning outline in 2019, before which it actually already had regional planning in 2010 and 2016. Thus, the YRDUA, which has become the basic spatial unit of policy formulation and implementation about the spatial arrangement of infrastructure, industry, public services, etc., is widely used to research regional integration, which is one of the reasons we select it as our study area.



In summary, the long time-series data in the process of regional integration of the YRDUA (2005–2019) was used to evaluate the cities’ comprehensive developmental quality, research the spatial linkage and interaction relationship of cities in the YRDUA, and explore the characteristics of the city network by the social network analysis method. The marginal contribution of this paper is (1) to select the multidimensional indicators and try to be reasonable scientifically, (2) to revise the gravity model to improve its applicability, and (3) to analyze a long period and make the results more all-round, trying to clarify the dynamic feature of spatial linkage, above which we hope to supplement the spatial structure characteristics of the YRDUA precisely and comprehensively, give a reference to regional planning about city orientation, regional cooperation, function zone division, etc., and provide a research framework for other regions.




2. Materials and Methodologies


2.1. Study Area


The YRDUA, located in the east of China and mouth of the Yangtze River, is the most economically active and highly open region in China and one of the six largest urban agglomerations in the world. According to the YRDUA development plan approved by the Chinese government, it consists of 26 prefecture-level cities (Shanghai, 9 cities in Jiangsu Province, 8 cities in Zhejiang Province, and 8 cities in Anhui Province, see Figure 1) and covers an area of 211,700 km2, nearly 2.3% of China, with a contribution of approximately a quarter of the gross domestic product (GDP). Since the opening and reform, the demand for economic market development triggered city cooperation, which kicked off the integration of the YRDUA that is leading the economic growth in China. Simultaneously, the government always emphasizes the process of the YRDUA integration, with the issuing of a series of policies successively, among which is the recent 2019 “Outline of the Yangtze River Delta regional integration development plan”, which expounded the targets and requirements deeply. Among the area, Shanghai is the most developed city, an international megacity, and the engine of the region. Hangzhou, Nanjing, and Hefei are the respective capitals of Zhejiang, Jiangsu, and Anhui Province. As the latest to join the integrated process, Anhui Province shows slower economic development compared to other provinces, indicating the heterogeneity among the inner regions. So, we want to explore the in-depth interaction between different cities, to help promote the further benign development of the region.




2.2. Data Sources


The socio-economic data are from the Statistical Yearbook (2005–2019). The administrative boundaries data are from the Ministry of Natural Resources, China (http://bzdt.ch.mnr.gov.cn/ accessed on 14 December 2021). There are some explanations regarding the data: Chaohu City once was a prefectural city of Anhui Province before 2010, and then was separated into Hefei, Wuhu, and Maanshan City respectively owing to the administrative adjustment. Thus, the data before 2010 was processed in terms of the proportion and added to the above three cities because the collected data in the Statistical Yearbooks before 2010 has Chaohu City separately. Then, the very few missing data were supplemented by department consultation or interpolation method. What is more, we made a distinction between Tai’zhou (in Jiangsu Province) and Taizhou (in Zhejiang Province) to avoid duplication of the name.




2.3. Methods


2.3.1. The Muti-Dimension Evaluation


City networks are multiplex phenomena, and the degree of integration in a certain region often depends on the indicators used to measure it [10]. Moreover, the measurements of regional integration vary with the purpose, area, phase, and background in different literature. Thus, considering the process of regional integration is complex and multi-dimension, and the overall city-linkage characteristics we want to explore, we constructed the multi-dimension integrated evaluation system (Table 1). First, the internal driving force of integration must be social development, including the economy which is also the final pursuit of the whole region undoubtedly, and the vital accelerator knowledge and optimized industry that will boost the economy in the new developmental stage [30]. Factors such as flow capacity reveal the essence of regional integration of the social elements flowing freely and resources utilizing mutually [31]. Public service is one of the important social assurances a city provides [32], and also a vital indicator of the urban comprehensive strength [33]. The environment importance is the brand-new position of urban and regional development against the background of ecology civilization [34].



In summary, four dimensions are constructed to measure the linkage of city networks by reviewing the current literature and shedding light on the rich connotation or essential performance of regional integration. Actually, the “Outline of Regional Integration Development Plan in the Yangtze River Delta” orients that the Yangtze River Delta achieves essential development and make integration progress in the field of science and innovation industry, infrastructure, ecological environment, and public services by 2025 [35], which give the aforementioned evaluation dimensions.




2.3.2. The Improved Gravity Model


The gravity model was used to research city networks because it can simplify the complicated cities’ interactions in reality and is easy to operate, and we use the multi-dimension evaluation results to replace traditional single indicators representing the city scale such as GDP or population [15]. What is more, the traditional spatial distance of the city center cannot represent the real “distance” by anthropic influence. The per capita GDP gap was used by attempting to revise [25]; however, the occasion of similar per capita GDP may lead to the error of infinite gravity in the data process. To a large extent, the city interaction was appearing in the industry resources exchange such as labor flow, trans-city trade, company cooperation, and the head-branch-built enterprises across cities. Given this consideration, to enhance its suitability, the similarity index of industrial structure, which was proposed by the United Nations Industrial Development Organization in 1979 and then improved by Krugman [36] and broadly applied subsequently [37,38], was used to revise the gravity model. Additionally, cities that have similar industrial layouts have frequent flow of factors, i.e., close contacts and tight linkage.
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Here,    Y  m n     represents the mutual gravity value, i.e., the linkage between city  m  and  n .  G  is the gravitational coefficient,    D  m n     is the spatial distance between city  m  and  n  traditionally, which is replaced by the reciprocal similarity index of the industrial structure index    K  m n     between cities.  S  is the comprehensive evaluation result from the aforementioned four dimensions, and the weight of each index is calculated by the entropy weight method.


  R  I m  =    T m     ∑ 1 N   T m     



(4)







Referring to the literature [39],   R  I m    is relative linkage, namely the interconnectivity to the whole region (0–1),   R I   = 1 means all the interactions are concentrated on one city code.   R I   = 0 means code  m  has no linkage to others and is isolated in the region. A network does not have a hierarchical structure when every node has an equal value of   R I  .    T m    is the total linkage of city  m  to other cities, i.e., the sum of    Y  m 1    ,    Y  m 2    , …,    Y  m n    .  N  is the total number of cities in a region.



To indicate the asymmetry linkage, the proportion of a city’s comprehensive score in the cities pair was used as the gravitational coefficient:


   Y  m ← n   =    S m     S m  +  S n    ×    S m  ×  S n     D  m n      



(5)








2.3.3. Social Network Analysis


The spatial relationship and organization feature of members in a network can be analyzed by the social network analysis (SNA) method that has already been applied in many research fields. SNA has a series of systematic spatial structure evaluation indicators [36,40], such as the whole network characteristics index including network density, network efficiency, network hierarchy, etc.; the individual network characteristics index including degree, closeness centrality, and betweenness centrality of nodes, etc., and structure analysis such as core-periphery division [41].






3. Results


3.1. The Evolution and Connection of Cities


The comprehensive score results are shown in Figure 2 after standardizing the indicators and adding up different dimensions by Formula (2). To quite a large extent, the score can stand for the city’s overall quality, and generally speaking, the higher the quality of the city, the stronger the ability to attract regional resources. From the perspective of a single dimension, a high score means that the city has a leading economic development, optimized industrial structure, a strong capacity for science and technology, and is bursting with innovation vitality, which can attract and accommodate the labor and enterprise through the good infrastructure and superior public services. Meanwhile, it can generate a positive space radiation effect and play the role of a regional accelerator, which indicates its important position in the urban agglomeration. Each line in Figure 2 represents the score of each city in the past 15 years, with 26 cities in total. Looking horizontally, the gap between the cities is quite big. Shanghai, as the biggest and most developed city in China, is ahead of any other city each year, with Hangzhou, Suzhou, Nanjing, Ningbo, Hefei, Wuxi, and other developed cities in the YRDUA following behind. The third gradient has Changzhou, Nantong, Yancheng, Yangzhou, Zhenjiang, Tai’zhou, Jiaxing, Huzhou, Shaoxing, Jinhua, Taizhou, and as for the final gradient, except for Zhoushan, others are all from Anhui Province. Vertically, the dynamic change of cities in the same gradient has similar trends. First of all, Shanghai has the maximum increase, showing nearly exponential growth in city quality in the past 15 years and becoming the growth pole of the YRDUA and the whole of China. Although the growth rate of the overall development level of several developed cities is lower than that of Shanghai, it is also large. Most cities show a fluctuating and rising state in the time series. The overall developmental speed of cities with the third gradient is lower than that of the above cities. From 2005 to 2019, their comprehensive scores increased relatively uniformly, and the overall urban status changed little. The increase of the tailed cities is very gentle, with the starting point almost consistent with the ending. These cities are probably in a weak position in the YRDUA, whose social resources may outflow and are attracted by other cities at the same time while enjoying the benefits of coordinated development of urban agglomerations because of the relatively poor ability to provide premium infrastructure and public service and retain population.



The preliminary clarification of different cities’ developmental patterns and dynamic growth in the YRDUA cannot reflect the interaction relationship between cities, so the linkage based on the gravity model was calculated by Formulas (1)–(3). Normally, the city pairs with higher qualities and more similar industry structures have a more frequent transfer of population, enterprise, labor, products, etc. And the gravity value will be larger, indicating closer connection and communication. Figure 3 shows the existing spatial pattern of city linkage in the YRDUA, with the following characteristics. (1) The overall city-linkage network of the YRDUA is compact and systematic, with the line of Shanghai–Hangzhou, Shanghai–Suzhou, and Shanghai–Nanjing as the primary axes, through which multiple linkage lines run. The social resources and factors of the node cities are flowing along the axes, and then the great externalities and spatial spillover effect were generated based on the point-axis theory. (2) The secondary close linkage was formed taking Nanjing, Hefei, Hangzhou, Ningbo, and Suzhou as the sub-centers, which are important node cities in the YRDUA. They can accept the radiation effect of Shanghai, and meanwhile play the space radiation function through the encrypted axes, which drive the development of surrounding small and medium-sized cities. (3) Generally, there exists a phenomenon of density in the east and sparsity in the west of the city linkage in the YRDUA, while cities in the west are mostly from Anhui Province. It seems that except for the capital city Hefei, other cities in Anhui Province are isolated in the network, with extremely weak linkage to others. Even the radiation range of the leading city of Shanghai is limited and difficult to cover those little cities which are ranking last in GDP and comprehensive strength in the region.



After the analysis of city-pair linkage, the node city linked to the whole regions was obtained by Formula (4), representing the connection to all the other cities in the YRDUA and the status in the regional integration (Figure 4). The connectivity of Shanghai is worthy of the highest ranking, owing to the intensive attraction of elements (human, products, capital, information flow, etc.) from the region. The next ranks are Suzhou and Hangzhou, and compared with the quality score, the interconnectivity of Suzhou is larger than Hangzhou, meaning the key position of the conduction function of Suzhou in the network. Tracing the cause, the geographical intermediation of Suzhou made it become an important hub. Moreover, Suzhou, as a large and famous industry city, has a well-developed industry chain, industry clusters, government support, etc., and thus has more interaction with middle-sized and small cities whose manufacturing industry entering Suzhou to enjoy the industrial resources and welfare of labor and skills afterward. In addition, the manufacturing industry heavily relies on transportation convenience. Hence, the centrality of geographical location and developed secondary industry complementarily make Suzhou a core and intermediary node of the YRDUA, which can connect both with Shanghai megacity and small cities below. As for Hangzhou, which is the second city in comprehensive quality, its linkage with Shanghai (0.52) is the highest value (and the lowest pair is Chizhou–Tongling 0.004) in the panel data. This is because the core industry of Hangzhou is a digital economy, and it connects closer with big cities (see Hangzhou–Shanghai 0.52 > Suzhou–Shanghai 0.43 and Hangzhou–Nanjing 0.23 > Suzhou–Nanjing 0.21), while Suzhou is closer with small cities (see Suzhou–Chuzhou 0.055 > Hangzhou–Chuzhou 0.047, Suzhou–Maanshan 0.050 > Hangzhou–Maanshan 0.044). What is more, the interconnectivity of Hefei City, whose city quality ranks the secondary gradient, however, is a bit lower than others. Shown by the gray block in Figure 4, the interconnectivity of the lowest 0–0.1 among the YRDUA and showing nearly no change in the time series, are most of Anhui Province’s cities, which keeps line with the results aforementioned and raises concerns about the risk of future development under the siphon effect during the regional integration.




3.2. The Structure of City Networks


Then, the city networks are constructed based on the linkage value by the SNA method, trying to give an in-depth and scientific explanation of city connections. In the research of network relationships, the setting of the threshold is key to the properties [42]. Referring to relevant studies [25,43], the linkage is lower than the average of the matrix (Ymn) and is regarded as quite weak and invalid, and others are valid. The network density was obtained as shown in Figure 5 (b), and the whole density is not high with the highest one being 0.308. It may be because eight cities in Anhui Province pull down the overall density by bringing invalid connections with most cities while enlarging the network scale greatly. Then the density is largely increased by the attempt of excluding Anhui Province (seeing Figure 5 (c)) as a new network, which confirms our conjecture.



The asymmetry of city linkage is ubiquitous, and the size and direction of factors flow are unequal between cities [44,45]. In this regard, the gravity coefficient is used to revise and characterize the asymmetry, seeing Formula (5). The network density and valid association giving the directional consideration are recalculated and seen in Figure 5 (a), Figure 5 (d). There are changes compared to Figure 5 (b), and the highest density and association are 0.292 and 190, respectively. From the time series, the directional network density and association appear the changes of increase, decrease, and fluctuating rise, with the overall improvement over a long period. During the past process of regional integration, also the rapid phase of urbanization of China, each city constantly adjusted its development orientation and optimized industrial structure, the relative relationship of city pairs was changing subtly against the alternation of competition and cooperation and the final pursuit of coordinated development. Additionally, there is a reduction considering the asymmetry compared to non-directionality, revealing that some linkages between cities are one-way streets, especially between big and small cities. The social resources are flowing to big cities, and the small cities cannot accept or further utilize the factors like population, technology, products, information, capital, etc., from big cities.



Taking the network relationship in 2019 as an example, the directional network structure is drawn and relevant evaluation indicators of nodes are calculated by UCINET as in Figure 6 and Table 2. The pointing of arrows represents the flow direction of factors, and it can be found that Shanghai, Suzhou, and Hangzhou accept the most associations (with the biggest indegree being 25, i.e., attracting from all cities), followed by Ningbo, Nanjing, Wuxi, and Hefei (range of 17–22). Jinhua, Shaoxing, Nantong, Tai’zhou, Changzhou, and Jiaxing can also accept some flows. The results of closeness centrality in the table give similar explanations of those nodes’ status, which expresses the more direct and efficient connection between cities with the smaller value. From the betweenness centrality that reflects the degree of one node controlling the connection with the other nodes, Suzhou is the top, which contacts both big and small cities, signifying its important conduction and control function in the region as analyzed above, playing the vital role in the spatial connection of the YRDUA. Several big cities have achieved bidirectional connections and exchange of resources, with advantageous elements complementing and close connections. However, cities of the outermost circle (with 0 indegree and betweenness) can be accepted by core cities but cannot accept resources from them, meaning no mutual communication has been realized. Those cities have relatively low comprehensive quality scores and are probably the fringe of the YRDUA.




3.3. Dynamic Simulation and Consistence with the Reality


This paper attempts to explore the dynamic spatial linkage characteristics in the sample time series, which can not only clarify the characteristics and questions of the YRDUA integration process further but also test the consistency with the real situation of Chinese urbanization under our research framework.



As shown in Figure 7, the spatial linkage was first established with the megacity Shanghai, which keeps in line with the real situation. Since the improvement of the market mechanism in China, local cities communicate, imitate, and exchange resources with the most open megacity, Shanghai, showing the economic rationality of profit-seeking. In addition, the Chinese government is devoted to gathering resources for the world-class city of Shanghai in time to enlarge the market and raise scale effects in order to develop the Chinese economy and improve its international influence. Developing the big city is one of the major features of Chinese urbanization [45], and caused many practical issues rooted in history, such as uneven city development and rural issues.



Nowadays the national competition platform has gradually become an urban agglomeration against the background of a global trend of regional integration, which the governments are aware of. So, the regional integration process is participated in by the Chinese government heavily, and the local government has played a vital role in promoting regional integration, such as promoting cross-administrative trade, building cross-provincial economic zones, and encouraging enterprises to open up cross-regional markets by increasing investment subsidies and decreasing tax rates [31,46], which greatly help formulate the current regional pattern. This can also be seen from a dynamic view in Figure 7, the early spatial linkage was built comparatively slow and the network is loose, while the connection increased rapidly later and then shows a gentle rise after a relatively complete network was established, which is close to the reality that the coordinated development and integration process of the YRDUA has made big progress since the government started to realize the necessity of cities cooperation and a series of regional planning was implemented.



Big cities gradually became the core nodes in the YRDUA and built spatial linkage after their strength grew enough. The spatial influence scope constantly expanded through the radiation with the core cities as nodes and drove the development of surrounding small cities. The overall network density increased and spatial linkage constantly became close to the dynamic evolution mechanism of connection of Shanghai to big cities, big cities to big cities, and big cities to small cities, thus shaping the firm network structure and improving the capacity of resisting the risk of the whole region and dynamically verifying the regional point-axis theory.



In addition, the spatial linkage spread from east to the west, but the western network is still sparser and shows a slow density increase over time. In reality, the western cities of Anhui Province are late to join the YRDUA from the national top-level planning, which is the dominant force to accommodate the factors of population and industry. In the future, those cities shall improve their own city quality, such as providing good public services by demolishing empty houses to increase the aesthetics and attraction and avoid marginalization [47].





4. Discussion


Much research has tried to evaluate the integration degree of urban agglomeration to assess its socio-economic effects yet it has not reached a consensus because the connotation of regional integration is considerably rich and evolving continuously. Whereas some attempts from the single dimension were made, for example, the relative price variance of products [48,49], the labor wage gap in the market [50], regional economic disparities [51], and the existence of qualitative policy implementation [52,53] have made progress because of its specialized and easy application. In particular, the relative price variance method is used quite frequently, about which scholars nearly have no dispute. However, it only measures the market integration whereas the regional integration involves the whole society and many dimensions, of which economic integration is an important part but not an equal sign. The characteristics of regional integration can be depicted by researching the cities’ relationships from a spatial organized structure that can date back to the traditional central place theory, which studied the hierarchy, the relationship between functions, and the regularity of the spatial structure of the urban system in a given region [54]. However, economic geography in an era of global competition poses a paradox [55]. The physical space is displayed by the flow space [9,56], these flows can be labor [57], knowledge [11], pollution emission [58], etc. This paper concentrates on the city itself, integrating these flows from multiple dimensions, which are also recognized as cities’ interaction aspects by the planning documents. The new city networks replace the traditional spatial structure, which consists of city nodes, with different developmental cities; city linkages, different city connections, and network space, with the respective orientations of cities in an integrated region. Under this framework (Figure 8), the integration characteristics and questions of the YRDUA were explored in the results, which respond to the situation of regional integration and call for the relevant reality needs.



What is more, except for the inner balance of the YRDUA, the middle and western urban agglomeration in China which are under the incubation stage should get enough attention, too. Additionally, the experience can be drawn upon from the YRDUA with the strategy suit for the local conditions at the same time. The vision of tomorrow is that the medium- and small-sized cities find the reasonable orientation through a characteristic development path, the big cities continue to play the role of radiation, and finally, shape the linkage from city–city to region–region and cooperation of cross-region, and that integrated regions grow synergistically and become the important and powerful tools and space units to participate in international competition. Combined with the urbanization history in China, it shall be considered from the total environment, such as the rural questions, the sustainable urban development issues, the imbalance of city development dilemma, etc.



As analyzed above, the research framework this paper poses is considerably consistent with the reality of the Chinese urbanization process and strategy, and the results can be explained from both theory and real situations. Compared to other assessments focusing on the single dimension (mainly market integration), we consider the multiple aspects of city interactions. Furthermore, the gravity model was modified, in which the previous research just used the physical distance or the error-prone GDP. We believe the framework can also be used to examine the integration characteristic of other regions, and the experiences of the YRDUA can be referenced by others to avoid some unnecessary development issues as they are in the startup stage in China.



However, this paper still has room to improve. The industrial structural index used to evaluate the distance in the gravity model, despite its enhanced applicability, does not express the city interaction always in one way in different phases of regional integration, some scholars argue that industrial isomorphism will cause a waste of resources, influence the efficiency of economic growth, and hinder the integration in the later stage [59]. In addition, the city networks do not totally fit the reality because it is hard to ignore the strong administrative force of Chinese governments, against which the factors flow tends to be frequent among the same province. For the former one, clarifying the resistance of the resource flows between cities in different integration stages can be a solvable avenue, and for the latter, strengthening city cooperation and cross-administrative governance are still strongly advised to advance regional development. In addition, although we consider the city interaction dimension comprehensively, we hope to distinguish the single dimension to further clarify the center of different functions in the region and rich the spatial structural characteristics of the YRDUA in the future. We look forward to deeply researching further macro and micro impacts on urban growth under regional integration.




5. Conclusions


The final pursuit of the regional integration is supposed to be all city members developing synergistically and achieving the Pareto optimality as the region gradually becomes the basic unit of policymaking and implementation due to its status as an accelerator for promoting domestic economic growth and platform of international competition. Exploring the spatial structure can help understand interaction relationships between cities and their orientations in a region. The city network, as a new and recognized paradigm of the spatial structure, was researched widely. Thus, city networks are constructed based on the improved gravity model and analyze the spatial structural characteristics deeply by the SNA method and dynamic study combined with specific time features of the regional integration process. The comprehensive dimensions of city interactions are evaluated from a literature review and real considerations. The YRDUA is selected as the sample area because of the consensus that it is a highly integrated city region. In addition, it indeed updates the regional plan in 2019, indicating the emphasis by governments. The results are:




	
The characteristic of an imbalanced and uncoordinated developmental pace was shown in the process of synergetic development of cities in the YRDUA. Shanghai as a megacity and is far ahead of others, followed by Hangzhou and Suzhou. The more developed cities have a faster developmental speed whereas the weaker the city’s strength, the slower the growth of a city. Moreover, cities in the final gradient which rank last and increase slowest among the regions are mostly from Anhui Province, which is the last province to join the regional integration by national planning.



	
For city-pair linkage, the biggest is Shanghai–Hangzhou, then was the cross-connections between several big cities—Hangzhou, Suzhou, Nanjing, Ningbo, and Wuxi. For total interconnectivity to the whole region, Suzhou seems to locate in the core intermediary position and plays the important role of the hub node to connect cities of different levels and perform a conduction function in the YRDUA. The welfare of integration is generated by the transfer of a single center to a multicenter [60]. However, some small cities still do not show a good connection to the region.



	
The city-network density increases after the attempt of excluding Anhui Province, implying the latent hierarchy structure. Meanwhile, the density decreases after considering the directionality of factor flows. Mutual linkages are established to exchange and complement advantageous resources whereas some connections between big and small cities are one way, namely the outflow of social resources from the weak cities, which may easily get into the dilemma of attraction decrease and developmental bottleneck in the follow-up integration process unless there is a brand-new and reasonable orientation.



	
Combining Chinese specific urbanization background, administrative power is the important promotion of the current regional patterns. Although the overall level of the YRDUA is good, the imbalanced characteristic shows the network in the west is sparse and rising slowly, which is owing to the behavior of sparing no effort to gather resources and expand big cities by governments.








Hence, in the future, the small- and medium-sized cities should find reasonable orientation through a characteristic development path, especially under the reality that the hierarchical impact of the administrative organization imposed by the spatial organization of the Chinese state is still evident. Moreover, the attention of the central and west regions in China shall be paid to promoting cross-region growth and cooperation. Thus, there is a necessity for the improvement of the mechanism of regional integration from macro and micro aspects against the game of the central and local governments in the top-down administrative system.
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Figure 1. Location and cities of the YRDUA. 
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Figure 2. Evaluation of cities’ comprehensive quality from 2005 to 2019 in the YRDUA. 
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Figure 3. Cities’ spatial linkages in the YRDUA in 2019. 
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Figure 4. The interconnectivity of cities in the YRDUA. 
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Figure 5. The associations and densities of city networks in the YRDUA. 
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Figure 6. The directional network structure of the YRDUA. 
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Figure 7. The dynamic linkage of cities in the YRDUA. 
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Figure 8. A simplified summarization map of this study. 
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Table 1. Index system to construct city networks.
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Dimension

	
Sub-Dimension

	
Indicator






	
Social development

	
Economy

	
Per capita GDP




	
Industry

	
The proportion of the tertiary industry




	
Knowledge

	
Number of patents authorized




	
Physical infrastructure

	
Factor flow capacity of people

	
Passenger transport by railway and airline




	
Factor flow capacity of goods

	
Expressway mileage




	
Public services

	
Health care

	
The number of hospital beds




	
Education care

	
Education expenditure




	
Social security care

	
Basic endowment insurance for urban employees




	
Environmental importance

	
Environment care

	
Sewage treatment rate
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Table 2. Individual index of city nodes in the YRDUA network.
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	City
	Outdegree
	Indegree
	Outcloseness
	Incloseness
	Betweenness
	NO.





	
	11
	25
	52
	25
	23.96
	3



	Nanjing
	11
	22
	52
	28
	15.96
	5



	Wuxi
	11
	18
	52
	32
	9.76
	6



	Changzhou
	7
	6
	56
	44
	0.00
	8



	Suzhou
	12
	25
	51
	25
	36.96
	1



	Nantong
	7
	6
	56
	44
	0.00
	8



	Yancheng
	7
	0
	55
	75
	0.00
	8



	Yangzhou
	7
	0
	55
	75
	0.00
	8



	Zhenjiang
	7
	0
	55
	75
	0.00
	8



	Tai′zhou
	7
	0
	55
	75
	0.00
	8



	Hangzhou
	11
	25
	52
	25
	23.96
	3



	Ningbo
	12
	22
	51
	28
	25.96
	2



	Jiaxing
	7
	2
	56
	48
	0.00
	8



	Huzhou
	7
	0
	55
	75
	0.00
	8



	Shaoxing
	7
	6
	56
	44
	0.00
	8



	Jinhua
	7
	7
	56
	43
	0.00
	8



	Zhoushan
	4
	0
	58
	75
	0.00
	8



	Taizhou
	7
	6
	56
	44
	0.00
	8



	Hefei
	7
	17
	56
	33
	1.43
	7



	Chuzhou
	5
	0
	57
	75
	0.00
	8



	Maanshan
	5
	0
	57
	75
	0.00
	8



	Wuhu
	6
	0
	56
	75
	0.00
	8



	Xuancheng
	4
	0
	58
	75
	0.00
	8



	Tongling
	3
	0
	59
	75
	0.00
	8



	Chizhou
	3
	0
	59
	75
	0.00
	8



	Anqing
	5
	0
	57
	75
	0.00
	8
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