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Abstract


In the context of the coordinated development of Beijing–Tianjin–Hebei, examining the spatial connections and network structure characteristics of the tourism economy holds substantial theoretical and practical significance. This study constructs a tourism economic quality evaluation index system from four dimensions and optimizes the tourism economic gravity model by incorporating time distance and weight factors to dynamically simulate the intensity of tourism economic spatial connection (ITESC). Based on the new perspective of relational data, social network analysis is employed to investigate the spatial correlation network characteristics and group structure changes in the tourism economy within the Beijing–Tianjin–Hebei urban agglomeration (BTHUA). The results demonstrate a significant improvement in overall tourism economic quality from 2013 to 2022, with the average quality increasing from 0.128 in 2013 to 0.157 in 2022. Tourism economic spatial connections are prevalent among cities, exhibiting heterogeneous characteristics, characterized by density in the north and relatively sparse in the south. The network cohesion of ITESC strengthens, and the network structure evolves from a highly centralized to a multi-centralized configuration, with increasingly frequent cooperation and interaction in tourism between cities. Beijing, Tianjin, and Shijiazhuang occupy central positions in the network, exhibiting strong ITESC and a high degree of connectivity, generating a significant “trickle-down effect” on peripheral cities. Consequently, strengthening ITESC between peripheral cities and core areas, as well as enhancing the bidirectional spillover of tourism development between cities, is crucial for the future sustainable and coordinated development of tourism in the BTHUA.
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1. Introduction


In recent years, with the continuous development of the tertiary industry, the tourism industry has experienced accelerated growth. Especially after the COVID-19 pandemic, the global tourism market has gradually recovered and expanded. The tourism industry has become a driving force for socio-economic progress and economic recovery in many developing countries [1,2,3]. In China, the tourism industry is regarded as a crucial industry for driving regional economic growth, deepening supply-side structural reforms, and improving residents’ livelihoods [4,5,6]. At the same time, the tourism industry is a key pillar for advancing the goals of the United Nations 2030 Agenda for Sustainable Development and serves as a tool for promoting sustainable and inclusive economic growth in urban areas. Therefore, in the wave of globalization and regional economic integration, the tourism industry’s role in economic growth, cultural exchange, and integration has made its spatial connections and coordinated development mechanisms a focal point in academic research.



Tourism inherently exhibits mobility. The tourism flow that converges between cities not only facilitates the exchange of tourism resources among cities and breaks the isolated development within urban agglomerations but also influences the spatial structural evolution of these agglomerations [7,8]. Moreover, it offers a novel path for promoting the integrated development of urban agglomerations. Tourism economic connections (TEC) are formed with the emergence of inter-city tourism flows, serving as the primary manifestation of tourism flows in the transmission of resources and information between cities. It reflects the spatial structure of urban agglomerations and plays a crucial role in the evolution and development of regional structures [9]. Additionally, the spatial network structure of TEC within urban agglomerations reflects the connections between various urban tourist destinations [10,11], which is critically important for the coordinated development of the tourism industry within urban agglomerations. However, the current understanding and research on the measurement and spatial network structure of TEC in tourist destinations remains limited, lacking systematic quantitative analysis, particularly within urban agglomerations. This limitation may hinder efforts to establish a robust and efficient tourism economic network in the post-pandemic era and to effectively plan recovery and development strategies for the tourism industry.



In the early stages, scholars examined the economic connections between tourism destinations from a supply and demand perspective. Research has primarily focused on environmental governance collaboration networks [12], tourism marketing networks [13], the correlation between tourism flows and attractions [14], and the heterogeneity of tourists’ travel attributes [15]. Some scholars argue that the development of the tourism economy results in spillover and radiation effects within the urban spatial network structure [16]. In recent years, research on TEC has concentrated on the geospatial perspective at the regional level, transitioning from a static single-time scale to a dynamic analysis of the connection process. Simultaneously, studies on the impact of railways on the urban tourism economy, the network structural characteristics of TEC, and the driving mechanisms have become research hotspots [17,18]. Furthermore, TEC measurement typically employs the gravity model, the modified gravity model, and the Moran index [19,20,21]. Notably, the combination of the modified gravity model and social network analysis (SNA) has been increasingly applied to the study of tourism spatial structures. This method enhances the scientific rigor and accuracy of measurement results, serving as an exemplary paradigm for studying tourism spatial structures [22]. Employing the SNA method to analyze the spatial structure of TEC offers insights into the degree of agglomeration and diffusion from a new perspective and clarifies the role and status of each node within the overall network structure. However, most existing studies focus on the distribution of tourism resources, the development of tourism markets, and the tourism competitiveness of a single city, lacking systematic research on the tourism economy of urban agglomerations. Furthermore, most existing studies rely on qualitative analysis methods, lacking quantitative measurement and empirical analysis of regional TEC, which makes it difficult to accurately assess its actual effects and development trends.



The Beijing–Tianjin–Hebei urban agglomeration (BTHUA) serves as a crucial engine of China’s northern economy and is abundant in tourism resources. The spatial network structure of its tourism economy is not only related to the economic interaction and coordinated development among cities within the region but also holds significant importance for the layout optimization and strategic upgrading of the national tourism industry [23,24]. In 2018, the State Council mandated the adjustment of regional economic and spatial structures to promote the coordinated development of Beijing–Tianjin–Hebei [25]. Although tourism economic cooperation in the BTHUA has gradually strengthened over the past few decades, imbalanced development within the urban agglomeration persists, and interactions within the tourism economy between cities remain limited. Therefore, an in-depth exploration of the TEC and its spatial network structure from a social network perspective is crucial for revealing the underlying operational dynamics of the tourism economy in BTHUA and fostering the sustainable and coordinated development of the regional tourism industry.



In light of these considerations, this study aims to systematically and comprehensively reveal the internal connections and evolutionary characteristics of the spatial network structure of TEC in the BTHUA through quantitative measurement and spatial analysis. To achieve this, we construct a comprehensive indicator system for tourism economic quality (TEQ), considering the scale, performance, transportation conditions, and environmental resources of the tourism economy. The tourism economic gravity model is optimized using time distance and weight factors, and a TEC matrix is constructed to facilitate the dynamic evolution analysis of the intensity of tourism economic spatial connections (ITESC). Based on this framework, the structural characteristics of the TEC spatial network are empirically examined using social network analysis methods. The results contribute to a deeper understanding of the positioning and role of each city in the tourism economy, thereby providing a scientific basis and theoretical support for the coordinated development of the tourism economy in the BTHUA.




2. Materials and Methods


2.1. Study Area


The BTHUA is the largest and most economically dynamic region in northern China, covering an area of 216,000 km2 [26]. It is situated in northern China, bordered by the Bohai Sea to the east and the North China Plain to the west. The terrain is generally characterized by elevated in the northwest and lower in the southeast. The BTHUA comprises two municipalities, Beijing and Tianjin, along with 11 cities in Hebei Province: Shijiazhuang, Tangshan, Qinhuangdao, Handan, Xingtai, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, and Hengshui (Figure 1). In 2023, the gross domestic product (GDP) of the BTHUA reached 10.4 trillion yuan, representing 8.3% of China’s total GDP and significantly contributing to the nation’s economic development. The coordinated development of the BTHUA is a critical national strategy essential for leveraging the complementary advantages of the region and facilitating the development of the northern hinterland. Additionally, the region features a diverse array of tourist attractions, including the Palace Museum, Baiyangdian, the Great Wall, and the Grand Canal, as well as other natural, cultural, and historical sites. As of July 2024, the region boasts 23 national AAAAA (5A) tourist attractions, 3 national tourist resorts, and 97 five-star hotels.




2.2. Data Source and Processing


The statistical data are primarily sourced from the China Statistical Yearbook, China Culture and Tourism Yearbook, China City Statistical Yearbook, various Statistical Yearbooks of cities within the BTHUA, and the Statistical Bulletin on National Economic and Social Development, and are calculated based on these sources. Missing data points are supplemented using linear interpolation [27]. In addition, the attractions list data are obtained from the official website of the Ministry of Culture and Tourism of China (https://www.mct.gov.cn/ (accessed on 26 April 2024)).



Travel times for high-speed rail and railway transportation are primarily obtained from the official China Railway 12306 website (https://www.12306.cn/index/ (accessed on 26 April 2024)). Travel times for highway transportation are sourced from professional mapping websites and software, including Amap (V15.01) and Baidu (V20.8) Maps. For high-speed rail transportation, trains with G, D, and C prefixes are used as research samples. The shortest travel time before the introduction of high-speed rail is represented by the average running time of trains not beginning with G, D, or C, while the average running time of G, D, and C trains denotes the shortest travel time following the implementation of high-speed rail. For data that could not be queried, the driving time provided by Amap is used as the estimate for the shortest travel time prior to the introduction of high-speed rail. Additionally, road spatial distribution data for multiple periods (2013, 2018, 2022) are obtained from the Resource and Environmental Science and Data Center of the Chinese Academy of Sciences (https://www.resdc.cn/data.aspx?DATAID=237 (accessed on 10 May 2024)). Road mileage for each city is calculated and quantified using the Identity tool in ArcGIS 10.8.



Administrative boundaries, Normalized Difference Vegetation Index (NDVI), nighttime light, and land use/land cover (LULC) datasets are downloaded from the Resource and Environmental Science and Data Center of the Chinese Academy of Sciences. Nighttime light data can be used as a representation of human activities, which encompass traffic networks, residential areas, and other information closely linked to population distribution, urbanization, and related factors. Relevant studies have demonstrated that a positive correlation exists between nighttime light intensity and socio-economic factors, and this quantitative relationship is widely utilized in the estimation of socio-economic parameters [28,29]. Vegetation coverage for the study area across different years is calculated using the NDVI dataset and a pixel dichotomy model [30]. The LULC data are used to extract the per capita green space area for each city. Given the availability of data and the need to assess the impact of public health emergencies, this study sets the time spans of the research indicators to 2013, 2018, and 2023.




2.3. Methods


Figure 2 illustrates the empirical research flowchart for the spatial network structure of TEC in this study. First, using remote sensing data, tourism economic statistics, and traffic big data, a comprehensive evaluation index system for TEQ is developed to analyze the spatiotemporal distribution of TEQ in the BTHUA. Second, the tourism economic gravity model is refined using time distance and weight factors to investigate the spatiotemporal evolution characteristics of the ITESC and its spatial correlation network. Third, the SNA method is employed to comprehensively assess the coordinated development capacity of the TEC within the BTHUA. This analysis reveals the role and positioning of each city within the urban agglomeration, the linkage differences between cities, and the evolution characteristics of their cohesive subgroups.



2.3.1. Measurement of Tourism Economic Connection


	
Tourism economic gravity model






The gravity model in economic geography is derived from the Newtonian universal gravitation model in classical mechanics. Scholars have proposed various assumptions about the model based on the differences and particularities of the research problems, thereby gradually developing a comprehensive economic gravity theory system [31,32]. From a spatial structure perspective, the gravity model measures socio-economic connections between regions and has been successfully applied to diverse scenarios, including tourism, carbon emissions, and international trade [1,33]. Notably, the intensity of spatial connections between regions is proportional to their quality and inversely proportional to distance. The tourism economic gravity model is similar to the gravity model, where the ITESC between two tourist destinations is proportional to their TEQ and adheres to the law of distance attenuation [27]. Employing the tourism economic gravity model to construct a spatial connection matrix is crucial for analyzing the spatial network structure of the tourism economy. Additionally, the model can analyze the radiative influence of core areas on neighboring regions, reveal the spatial distribution characteristics of this influence, and enhance the understanding of interdependence and influence mechanisms between regions.



As transportation infrastructure improves and travel modes diversify, geographical and transportation distances no longer intuitively or accurately reflect regional proximity, particularly in areas with high transportation accessibility [10,34]. Furthermore, considering the directionality and complexity of spatial connections in the tourism economy between cities, this paper modifies the weight and distance factors of the gravity model, building on the research of Gan et al. [1] and Shen et al. [33]. Specifically, time distance replaces traditional spatial distance, and the weight factor is optimized using the TEQ for each city pair. The formula for the modified tourism economic gravity model is as follows:


  I T E S  C  i j   =  k  i j   ×    T E  Q i  × T E  Q j     D  i j  b      



(1)






   D  i j   =    H  i j   ×  R  i j   ×  G  i j    n   



(2)






   k  i j   =    T E  Q i    T E  Q i  + T E  Q j      



(3)




where ITESCij is the intensity of tourism economic spatial connection between city i and city j. TEQi and TEQj represent the tourism economic quality of city i and city j, respectively. kij is the modified weight factor of the tourism economy from city i to city j. Dij represents the time distance between city i and city j, and b represents the distance decay coefficient, which is usually assigned a value of 2. Hij, Rij, and Gij are the minimum travel times for highways, railways, and high-speed rails between the two cities, respectively. n denotes the number of transportation modes between two cities. Finally, the tourism economic spatial connection matrix is established through the tourism economic gravity model modified by time distance and weight factor.


   k  i j   =    T E  Q i    T E  Q i  + T E  Q j      



(4)




where ITESCi represents the intensity of tourism economic spatial connection between city i and the other 12 cities. In order to perform data analysis more effectively in the University of California at Irvine Network (UCINET) software (V6.661), we use the mean of each column of the tourism economic spatial connection matrix as the threshold to binarize the matrix [35]. Specifically, if the value between a certain pair of cities is greater than the mean value of the column, it is assigned to 1, which symbolizes that the tourism economic development between the cities is closely connected. On the contrary, it is assigned a value of 0, indicating that the tourism economic development between the corresponding cities has a weak interaction or no direct connection.



	2.

	
Tourism economic quality evaluation







TEQ is a complex and multidimensional system encompassing various components, each exhibiting distinct heterogeneity and diversity [1,36]. TEQ encompasses not only the scale and growth rate of the tourism economy but also emphasizes the sustainability of tourism economic development and its broader impacts on society, transportation, and the environment [37,38]. Addressing these broader impacts on the quality of the tourism economy requires the joint efforts of the government, enterprises, and the public, including the promotion of cultural exchanges and understanding, the development of convenient transportation networks, the opening of new tourist routes, and the advancement of ecotourism. Moreover, by formulating scientific and reasonable policies and strengthening supervision and evaluation, we can better achieve sustainable tourism development and benefit society. Therefore, the selection of TEQ evaluation indicators includes not only the scale and performance of the tourism economy but also aspects such as the growth of TEQ, including tourism environmental resources and transportation conditions. This approach aims to comprehensively reveal the intrinsic nature and development patterns of TEQ. In alignment with the principles of quantifiability, comparability, and availability of indicators, we construct a comprehensive TEQ indicator system encompassing four dimensions (Table 1).



The tourism economy scale represents the “quantity” of tourism economic development and reflects the overall level of urban tourism development. It is a critical indicator for assessing the development degree and potential of the tourism industry [39]. The indicators selected in this study include the number of domestic tourists, the number of foreign tourists, the total star-rated hotels, and nighttime light brightness.



Tourism economic performance measures the efficiency and effectiveness of tourism economic activities and reflects the contribution of tourism to economic and social development [40]. These include domestic tourism revenue, foreign tourism revenue, and the percentage of total tourism revenue in GDP.



Transportation condition is a crucial infrastructure for the development of the tourism economy. Effective transportation can expand the tourism market, enhance the tourism experience, and promote the development of the tourism economy [10]. Given the relatively short distances between cities in the BTHUA, the primary modes of transportation for tourists are railways and highways. Thus, this study selects the network coverage of railway and highway transportation as specific indicators for evaluating transportation conditions.



Resources and environmental conditions are fundamental to tourism development, encompassing natural and cultural resources. A favorable resource environment can attract tourists and enhance the attractiveness and competitiveness of tourism products. The specific indicators selected in this study include per capita green space area, vegetation coverage, and the number of tourist attractions rated from 3A to 5A. Obviously, these indicators positively influence the development of the tourism economy, meaning that higher values are associated with better development of urban tourism.



	3.

	
Assessment weight







To minimize the impact of subjective judgment on indicator weighting and to better characterize the comprehensive impact of multiple influencing factors, this study employs the Entropy Weight Technique for Order Preference by Similarity to an Ideal Solution (EW-TOPSIS) model with time variables. This approach enables a comprehensive evaluation and comparison of the TEQ of the BTHUA [41,42]. The EW method is a technique for determining weights based on the principle of information entropy. It mainly uses the concept of information entropy to measure the degree of discreteness of the indicator, thereby reflecting the importance of the indicator [43]. Specifically, lower information entropy indicates greater variability of the indicator, richer information content, and consequently, a higher weight assigned to that indicator [44]. Once the weights of the indicators are determined using the EW method, the TOPSIS method is applied to rank the evaluation objects systematically. The calculation steps of the EW-TOPSIS method are as follows:



Step 1. Data standardization processing.



Since the TEQ evaluation indicators have different dimensions and properties, they cannot be directly compared [45]. To ensure the reliability and effectiveness of the evaluation results, this study adopts the range standard method to perform dimensionless processing on the original indicator data. As mentioned above, the evaluation indicators in this paper are all positive indicators, and the calculation formula is as follows:


     X  h i j    ′  =     X  h i j   −  X  min      X  max   −  X  min       



(5)




where Xhij’ is the dimensionless value after standardization. Xhij is the j-th indicator value of city i in year h; Xmin and Xmax are the minimum and maximum values of the j-th indicator, respectively.



Step 2. Determine the weight of each indicator (EW method).


     P  h i j    ′  =     X  h i j    ′  /    ∑  i = 1  m      X  h i j    ′       



(6)




where Phij’ is the proportion of the j-th index value of city i in year h, and m is the number of city samples.


   E j  = −   1  ln   k × m        ∑  i = 1  m      P  h i j    ′    ln    P  h i j    ′   



(7)






   D j  = 1 −  E j   



(8)






   w j  =    D j   /    ∑  j = 1  n    D j       



(9)




where Ej represents the information entropy of the j-th indicator, ranging from 0 to 1. k = 3, which is the total number of years. Dj represents the information utility value. The larger the value, the smaller the entropy and the greater the weight. wj represents the weight of the j-th indicator.



Step 3. Sort the evaluation objects (TOPSIS method).



The TOPSIS is a method commonly used in comprehensive evaluation and decision analysis [46]. It determines the relative order of each object by comparing the distance between each evaluation object and the positive and negative ideal solutions. This method can make full use of the original data information and accurately reflect the differences between different evaluation schemes. Due to its simplicity and efficiency, the TOPSIS method is widely used in resource evaluation, transportation planning, and production economics [47,48]. This paper conducts EW-TOPSIS method analysis based on the SPSSAU platform.




2.3.2. Social Network Analysis


The SNA model is employed to reveal the network’s integrity and hierarchy by analyzing network nodes and their interrelationships. It has been widely applied in various disciplines, including economics, management, and geography [27,49,50,51]. In this study, the 13 cities in the BTHUA are treated as nodes within the network structure. Using the binary matrix of the spatial correlation intensity of the tourism economy between cities (i.e., the connecting lines in the network), the entire correlation network is constructed to assess the tourism economy correlations between different cities. To understand the overall and individual structures of the tourism economy spatial correlation network, cohesive subgroup and core–periphery structure analyses are conducted to investigate the spatial correlation pattern and its changes, identifying the role and interaction model of each city. The SNA model and related indicators in this study are processed using UCINET software [52]. Network density, connectedness, hierarchy, and efficiency are used to measure the overall network structure characteristics of the BTHUA, while degree centrality and closeness centrality measure individual network structure characteristics. The calculation formulas and characteristics of each index are presented in Table 2.



A cohesive subgroup is a subset of members characterized by relatively strong, direct, and positive relationships [53]. In an urban agglomeration network structure, it manifests as a subset or small group formed in space by interconnected cities with balanced development. Cohesive subgroup analysis in the urban agglomeration network reflects the number of cohesive subgroups and the cities involved, thereby presenting the basic state of the internal substructure of the network [54]. This approach allows for understanding the evolutionary characteristics of spatial clustering in urban agglomeration development and identifying factors influencing cooperation and mutual assistance among smaller urban groups. In this study, the convergent correlations (CONCOR) method within SNA is utilized to analyze the cohesive subgroups of the tourism economy spatial association network.



The core–periphery structure is a specific arrangement of interconnected elements featuring a closely connected center and a sparsely dispersed periphery [55]. By measuring the core degree of cities, they are categorized into two types—core area cities and peripheral area cities—to determine each city’s position in the urban agglomeration network. Core area cities have a strong capacity to attract various elements from peripheral cities, and they maintain close interconnections. They represent the highland of regional economic development and hold an active position, whereas peripheral cities are heavily dependent on core cities with weak intercity connections, placing them in a passive position [56]. This study employs the “core/periphery” module of UCINET software for measurement and analysis.






3. Results


3.1. Comprehensive Coefficient of Tourism Economic Quality


Based on the constructed comprehensive TEQ evaluation index system, this study evaluates the TEQ of 13 cities in the BTHUA. Figure 3 illustrates the spatiotemporal distribution of the proportion of total tourism revenue in GDP and the TEQ in each city. The proportion of total tourism revenue in GDP increased significantly in most cities from 2013 to 2018 (Figure 3a,b), particularly in Shijiazhuang, Handan, and Xingtai. Conversely, the proportion of tourism revenue in GDP decreased significantly in all cities from 2018 to 2022 (Figure 3b,c), indicating a relative contraction in the tourism industry during this period. This decline was mainly influenced by the negative impact of the COVID-19 pandemic. Additionally, these proportions in Beijing and Tianjin dropped from 18.75% and 24.45% in 2013 to 6.06% and 4.89% in 2022, respectively, indicating that although the TEQ in both cities remained high, its share in the overall economy has shrunk. The proportion of total tourism revenue in GDP for Zhangjiakou and Chengde peaked in 2018, reaching 66.86% and 71.20%, respectively. Although these proportions declined in 2022, they remained relatively high.



From the spatial distribution of TEQ, there is a trend of decreasing radiation toward the surrounding areas centered on Beijing and Tianjin (Figure 3a–c). From 2013 to 2022, the overall TEQ of the BTHUA improved annually, with the average TEQ rising from 0.128 in 2013 to 0.152 in 2018 and further to 0.157 in 2022. The TEQ of Beijing and Tianjin is significantly higher than that of other cities, attributed to their rich historical and cultural resources, as well as their considerable urban scale and development strength. The TEQ of Shijiazhuang increased slightly, with its ranking rising from 4th in 2013 to 3rd in 2022 (Figure 3d). Zhangjiakou’s TEQ improved significantly, ranking 4th in 2022 due to the positive impact of the 2022 Winter Olympics. Notably, Qinhuangdao and Chengde ranked high in 2018 due to their natural scenery and historical attractions, but both experienced significant declines in 2022.



Overall, the TEQ in each city improved annually, although regional differences and uneven development persist. As the centers of the tourism economy in the BTHUA, Beijing and Tianjin have maintained a strong growth trend in TEQ. Cities like Zhangjiakou and Shijiazhuang show great potential for development, whereas Qinhuangdao and Langfang need to overcome challenges to enhance their tourism appeal.




3.2. The Intensity of Tourism Economic Spatial Connections


The modified tourism economic gravity model was employed to calculate the ITESC within the BTHUA. ArcGIS 10.8 was used to generate spatial connection strength maps for cities in 2013, 2018, and 2022 (Figure 4). To enable comparison across different years, this study categorizes the ITESC of urban agglomerations into six levels based on the natural breakpoint method. Overall, tourism economic spatial connections among cities in the BTHUA are widespread and are becoming increasingly intimate. Specifically, the radiation effect centered around Beijing has significantly intensified (Figure 4a–c). Furthermore, tourism economic connections between adjacent cities are more pronounced, in accordance with the distance decay hypothesis.



From 2013 to 2018, the distribution of tourism economic connections was relatively concentrated, primarily around Beijing, Tianjin, and Langfang. As the capital, Beijing’s ITESC with surrounding cities increased, and its regional scope expanded. In 2018, the ITESC between Beijing and Tianjin, Langfang, Zhangjiakou, and Chengde was greater than 10. The ITESC between Tianjin and surrounding cities (such as Tangshan, Qinhuangdao, and Baoding) also increased. Furthermore, the number of cities with an ITESC higher than 0.4 rose from 23 in 2013 to 26 in 2018. From 2018 to 2022, a balanced development trend emerged within the BTHUA, and the tourism economic connection network became increasingly complex and dense. The radiation effects of Tianjin and Shijiazhuang intensified, and the ITESC with Baoding, Cangzhou, Tangshan, and Xingtai increased.



Regarding the total ITESC, Beijing and Tianjin held a dominant position in the BTHUA. Their total ITESCs were significantly higher than those of other cities and experienced the fastest growth, rising from 122.473 and 65.628 in 2013 to 158.365 and 135.99 in 2022, respectively (Figure 4d). Furthermore, from 2013 to 2022, Shijiazhuang, Baoding, Zhangjiakou, and Hengshui demonstrated a steady growth trend. The total ITESCs for Handan and Xingtai remained relatively stable during the study period, showing a slight increase. Notably, the total ITESCs of Langfang and Chengde dropped sharply in 2022 after peaking in 2018 (26.422 and 10.918, respectively), exhibiting significant fluctuations.



In summary, as the capital city, Beijing’s role as a tourism center continues to strengthen, and its tourism economic radiation effect on surrounding cities is expanding. As significant tourism hubs, Tianjin and Shijiazhuang have progressively enhanced their tourism economic radiation capabilities and established stronger connections with other cities. The overall tourism economic connection network within the BTHUA is becoming increasingly dense, suggesting that the regional integration of tourism resources is progressing. However, the ITESC in Xingtai, Hengshui, and Handan remains suboptimal, and the coordinated and balanced development of the BTHUA continues to encounter challenges.




3.3. SNA of Tourism Economic Spatial Correlation in BTHUA


3.3.1. The Overall Network Characteristics


The overall network characteristics of the tourism economy in the BTHUA were analyzed using UCINET software, with specific indicators illustrated in Figure 5. From 2013 to 2022, it was observed that the network density and the number of relationships initially decreased and then increased, with the overall network structure remaining relatively loose (Figure 5a). In 2013, the network density was 0.179, with only 28 network relationships. In 2018, both network density and the number of relationships decreased slightly, likely influenced by the national tourism development policy. During this period, the development of the tourism industry focused on enhancing quality and efficiency while maintaining momentum, emphasizing the improvement of tourism economy quality [57]. In 2022, network density and the number of network relationships increased to 0.192 and 30, respectively, but the number of relationships remained significantly below the theoretical maximum of 870. This indicates that although the ITESC within the BTHUA is strengthening, there remains substantial potential for enhancing inter-city tourism economic cooperation.



Further exploration of the tourism economic network characteristics in the BTHUA encompasses network connectedness, network hierarchy, and network efficiency (Figure 5b). Throughout the observation period, the network connectedness of the study area was high, with a value of 1, indicating a general spatial correlation and spillover effect among the tourism economies of various cities. The network hierarchy stabilized at 0.9259 in 2013 and 2018, remaining at a high level. The slight increase in 2022 indicates a further strengthening of the dominant position of core cities such as Beijing and Tianjin within the network. Network efficiency initially increased and then decreased but generally remained above 0.75. This indicates that as the number of inter-city connections grew, the tourism economic network became more complex, exhibiting some instability.




3.3.2. The Individual Network Characteristics


To enable horizontal and vertical comparisons of the status and strength of each city within the tourism economic network, this study calculates and analyzes the evolution of individual network structure indicators (Table 3). Beijing and Tianjin, as primate cities, exhibit out-degrees significantly greater than their in-degrees, indicating that their spatial spillover effects are much stronger than their siphon effects on surrounding cities. Shijiazhuang’s out-degree is slightly higher than its in-degree. Consequently, as core growth poles in the BTHUA, Beijing and Tianjin drive Shijiazhuang to share in the tourism economic radiation effects across surrounding cities. With the exception of Handan and Xingtai, which have out-degrees of 1, the remaining cities have out-degrees of 0. This indicates a low level of tourism economic development, resulting in minimal influence on other cities and weak spillover effects from core cities.



From 2013 to 2022, the mean degree centrality in the BTHUA increased from 33.33 to 35.9. The top-ranked cities—Beijing, Tianjin, Shijiazhuang, Handan, and Xingtai—demonstrate significant tourism economic connections and synergistic effects with neighboring cities. Beijing, Tianjin, and Shijiazhuang consistently ranked among the top three. By 2022, Beijing and Tianjin both had a degree centrality of 100, signifying their connection with every city in the BTHUA and establishing them in a core leadership position.



Closeness centrality remained generally stable in 2013 and 2018. Beijing and Tianjin exhibited high closeness centrality, with values of 1.00 and 0.92 in 2013 and 1.00 and 0.80 in 2018, respectively. The closeness centrality for other cities, including both in-closeness and out-closeness centrality, ranged between 0.33 and 0.43, with minimal regional variations. In 2022, there was a significant increase in the closeness centrality of each city, with mean values of out-closeness centrality and in-closeness centrality rising to 0.59 and 0.55, respectively. Moreover, the closeness centrality distribution across the 13 cities is relatively balanced, with all values reaching 0.5 or higher, indicating that establishing tourism economic connections among cities in the BTHUA is relatively straightforward.




3.3.3. Cohesive Subgroup Analysis


To reveal changes in the group structure of each city over time, this study employs the convergent correlation (Conor) method to identify cohesive subgroups within the tourism economic network of the BTHUA. The maximum segmentation depth and convergence criteria were set to 2 and 0.2, respectively [27,58]. Figure 6 illustrates the classification results. Between 2013 and 2022, the cohesive subgroup structure of the BTHUA tourism economic network underwent significant changes. Network cohesion increased, with the structure evolving from a highly centralized model to a more multi-centered one, which should foster coordinated development within the BTHUA. From a spatial distribution perspective, cities within the same subgroup generally adhered to the principle of geographical proximity. This is primarily due to the accessibility of transportation between neighboring cities and the similarity in tourism economic development models, which facilitate more frequent cooperation and interaction between cities.



In 2013, the 13 cities were categorized into four plates, with Beijing and Tianjin forming two core plates (Plate 1 and Plate 2). Plate 3, the largest group centered around Shijiazhuang, included Langfang, Hengshui, Baoding, Zhangjiakou, Chengde, and Qinhuangdao. Plate 4 is small in scale, consists of only two cities—Handan and Xingtai—and has relatively loose connections with the core subgroups. By 2018, the tourism economic network structure had flattened and was divided into three plates, with Beijing and Tianjin forming a clear core subgroup. Tangshan and Cangzhou’s tourism economic relationships shifted, separating from their original plate to join the one centered on Shijiazhuang.



By 2022, the overall tourism economic correlation within the network had increased further, and the group structure became more centralized. In 2013, Beijing was not classified at the second level, indicating that it has continued to enhance its tourism economic radiation on surrounding cities through its strong tourism resources. The plates containing Qinhuangdao, Tangshan, and Hengshui were reorganized. Additionally, Handan and Xingtai continue to exhibit relatively independent group structures, suggesting weak connections in tourism economic activities with other cities. This also reflects the ongoing issue of unbalanced development within the BTHUA.




3.3.4. Analysis of the Core–Periphery Structure


Core–periphery structure analysis reveals core and peripheral nodes within the tourism economic network. Therefore, this study utilizes the UCINET software tool to analyze the core–peripheral structure of the BTHUA tourism economy. The density display results reveal a gradual attenuation trend in core–core, core–periphery, and periphery–periphery densities (Table 4), indicating significant hierarchical structure characteristics within the tourism economic network of the BTHUA.



Between 2013 and 2022, connections among cities in the core area were the strongest, with densities of 0.667, 0.583, and 0.667, respectively. In contrast, densities in the peripheral area were 0.014, 0.000, and 0.028, respectively, indicating very weak connections among peripheral cities. The development and transformation of the tourism industry contributed to a reduction in these densities in 2018. Furthermore, the density between core and peripheral cities was 0.472, 0.500, and 0.500 in 2013, 2018, and 2022, respectively, demonstrating a clear “trickle-down effect” from core cities and a significant radiation-driven effect on peripheral cities. Overall, the core cities have maintained a relatively stable scale and number over the years. The core area consistently comprises Beijing, Tianjin, and Handan. Peripheral cities should focus on enhancing infrastructure, innovating tourism products, and boosting their attractiveness. Additionally, they should strengthen cross-regional tourism cooperation, facilitate interactions with core nodes, and expand their tourism flow scale.






4. Discussion


4.1. Optimization and Collaborative Development Path of the TEC’s Spatial Network Structure


Optimizing the spatial network structure of the TEC is essential for achieving high-quality tourism economy growth and regional coordinated development. This study develops a comprehensive evaluation framework for TEQ and utilizes a modified tourism economic gravity model along with SNA methods to investigate the ITESC and its spatiotemporal evolution within the BTHUA. This work not only enriches the research on the spatial network structure of the TEC but also provides a reliable reference for promoting high-quality, coordinated development in the BTHUA. Additionally, the methodology can be applied to various tourist destinations.



From 2013 to 2022, the TEC in the BTHUA exhibited a spatial network structure with Beijing as the center and Tianjin and Shijiazhuang as sub-centers. The TEQ values of Beijing and Tianjin consistently rank among the top two and remain at the core of the network, demonstrating their significant advantages in the regional tourism economy. The ITESC of Beijing and Tianjin has expanded rapidly, likely due to their continuously developing tourism infrastructure and supportive policies [59,60]. In contrast, other cities in Hebei Province, such as Shijiazhuang and Baoding, have not reached a level comparable to Beijing and Tianjin, despite improvements in their TEC. This reflects the current imbalance between tourism resource development and economic growth in the region. Notably, the TEC between adjacent cities, such as Beijing, Tianjin, and Langfang, is more closely connected, consistent with the law of distance attenuation [34]. Although Chengde and Qinhuangdao have high TEQ, their ITESCs are weak due to unfavorable transportation conditions, suggesting that improved transportation accessibility can actively promote ITESC.



From an overall network structure perspective, the TEC in the BTHUA is becoming increasingly interconnected. In 2022, both network density and the number of relationships reached their highest levels, indicating increased interaction frequency between cities in the region. However, network efficiency declined during this period. Despite the signing of the “Hebei Province Tourism High-Quality Development Plan” and the “Tianjin Tourism Promotion Regulations” [61,62], the overall network structure of the TEC remains relatively loose and exhibits a trend of instability. This may be because inter-city tourism economic cooperation is largely driven by government intervention and coordination rather than market mechanisms [1].



Regarding individual network characteristics, Beijing and Tianjin have consistently maintained a high degree of centrality and out-closeness centrality, demonstrating strong centrality. Shijiazhuang follows, ranking third. This structural feature aligns with the observed close TEC among Beijing, Tianjin, and Shijiazhuang. In the analysis of cohesive subgroups and core–periphery structures from 2013 to 2022, network cohesion in the BTHUA increased, with the number and composition of core–periphery cities remaining relatively stable and a clear internal hierarchy. However, the persistence of this core–periphery structure indicates that, although the TEC within the region has been strengthened, the uneven distribution of resources between core and peripheral cities remains the main constraint on regional coordinated development. Future efforts should focus on improving the TEQ of peripheral cities and enhancing the efficiency of tourism cooperation within the urban agglomeration to achieve more balanced and sustainable regional tourism economic development.




4.2. Recommendations


The results emphasize the core positions of Beijing and Tianjin as regional tourism economies and the significance of Shijiazhuang as a secondary center. This provides clear guidance for policy formulation; specifically, in future tourism economic planning, efforts should continue to strengthen the tourism infrastructure of these three cities and optimize the allocation of tourism resources to further consolidate their leading positions. For Chengde, Qinhuangdao, and other cities with rich tourism resources but unfavorable traffic conditions, the focus should be on improving transportation facilities, enhancing traffic accessibility, and accelerating the free flow of tourism economic factors such as talent, technology, and capital to strengthen their TEC with other cities.



The research reveals an imbalance in TEC within the BTHUA, particularly the uneven distribution of resources between core and peripheral cities. Therefore, strengthening tourism economic cooperation between core and peripheral areas is crucial for the coordinated development of regional tourism economies. This could include establishing tourism cooperation alliances, sharing tourism resources, jointly developing tourism routes, and overcoming administrative barriers. Establishing mechanisms for regional cooperation and resource sharing will enhance the bidirectional spillover of tourism development between cities, improving the TEQ in peripheral cities and promoting the coordinated development of tourism quality and efficiency.



In addition, this study points out that the growth of TEC is closely tied to tourism infrastructure and policy support. Therefore, promoting the upgrading of the tourism industry—such as developing smart tourism, enriching tourism products, holding regular tourism cooperation meetings, and signing tourism cooperation agreements—will enhance the tourism appeal of the BTHUA. At the same time, we should encourage and support cooperation and innovation among tourism enterprises to jointly develop new tourism markets and broaden the development space of the tourism economy.




4.3. Limitations and Future Work


Inevitably, this study has certain limitations that require further investigation. On the one hand, due to challenges and limitations in data collection at the prefecture level, there may be deviations in the selection of TEQ indicators. In the future, long-term continuous data should be employed to enhance the TEQ assessment indicator system, achieving a more accurate and comprehensive evaluation. Additionally, the TEC should incorporate multi-dimensional factors, including social, cultural, and environmental aspects, to thoroughly explore its spatial characteristics and network effects. On the other hand, while this study analyzes the ITESC and its network characteristics in the BTHUA, the influencing factors and driving mechanisms behind its complex network pattern remain unclear. Therefore, future research should investigate the key factors influencing the spatial network structure of the TEC and clarify the dynamic mechanisms governing intercity interactions.





5. Conclusions


Within the framework of social network theory, this study systematically simulates the dynamic evolution of the ITESC and its hierarchical network structure in the BTHUA from 2013 to 2022. This is achieved by constructing the TEQ evaluation index system, optimizing the tourism economic gravity model, and integrating network structure and core–periphery analyses. The results indicate that the TEQ of cities in the BTHUA has improved from 2013 to 2022, though regional disparities and uneven development persist. As centers of the tourism economy, Beijing and Tianjin have exhibited a strong growth trend in TEQ. The regional integration of tourism resources is progressing, and the tourism economic spatial connection network is becoming increasingly interconnected, particularly among neighboring cities.



Tourism development policies positively influence the coordinated development of regional tourism. From 2013 to 2022, network cohesion increased, and the network structure gradually evolved from highly centralized to multi-centralized. However, the overall network structure remains relatively loose, with a clear trend toward core–periphery polarization. This suggests that the uneven distribution of resources between core and peripheral cities remains the main constraint on regional coordinated development. Future development should prioritize improving the TEQ of peripheral cities, enhancing tourism cooperation efficiency, overcoming administrative barriers, and promoting two-way spillover effects in tourism development between cities to achieve more balanced and sustainable regional tourism economic growth.
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Figure 1. Study region. Overview of the geolocation, DEM, and tourist attractions of Beijing–Tianjin–Hebei urban agglomeration (BTHUA). There are 13 cities in BTHUA, including 2 municipalities (Beijing and Tianjin) and 11 cities of Hebei Province (Shijiazhuang, Tangshan, Qinhuangdao, Handan, Xingtai, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, and Hengshui). 
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Figure 2. Flowchart of the spatial network structure optimization for the tourism economy. 
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Figure 3. Spatial distribution of tourism economic quality and the proportion of total tourism revenue in GDP in BTH for 2013 (a), 2018 (b), and 2022 (c), and the scatter diagram of tourism economic quality of 13 cities in BTH (d). 
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Figure 4. Intensity of tourism economic connection in BTH for 2013 (a), 2018 (b), and 2022 (c), and the total intensity of tourism economic connection of 13 cities in BTH (d). 
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Figure 5. The overall network structure characteristics of the tourism economy in BTH urban agglomeration. (a) The network density and the number of relationships (No. of relationships) of the city-level tourism economy in BTH for 2013, 2018, and 2022. (b) Network connectedness, network hierarchy, and network efficiency of the city-level tourism economy in BTH for 2013, 2018, and 2022. 
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Figure 6. Cohesive subgroup distribution of Beijing–Tianjin–Hebei urban agglomeration for 2013, 2018, and 2022. 
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Table 1. Comprehensive evaluation index system of the tourism economic quality.
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Target

	
First-Level Indicator

	
Second-Level Indicator

	
Unit






	
Tourism economy quality

	
Tourism scale

	
Number of domestic tourists

	
Million person-times




	
Number of foreign tourists

	
Person-times




	
Total star-rated hotel

	
Number




	
Night Light Brightness

	
/




	

	
Tourism performance

	
Domestic tourism revenue

	
RMB 100 million Yuan




	
Foreign tourism revenue

	
USD 10,000




	
Percentage of total tourism revenue in GDP

	
%




	
Percentage of total tourism revenue in the tertiary industry

	
%




	

	
Transportation condition

	
Ratio of highway mileage to the city area

	
km/km2




	
Ratio of railway mileage to the city area

	
km/km2




	

	
Tourist resources environment

	
Per capita green space area

	
km2/Person




	
Vegetation coverage

	
/




	
Number of tourist attractions of levels 3A-5A

	
Number











 





Table 2. Indicators and characteristics of the spatial correlation network of tourism economy in Beijing–Tianjin–Hebei urban agglomeration.
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	Indicator
	Formula
	Meaning of Variables
	Description





	Network density (ND)
	   N D =  L /    N   N − 1         
	L is the number of associations; N is the number of nodes in the network
	Measure the closeness of connections between cities



	Network connectedness (NC)
	   N C =   1 − V  /      N   N − 1    / 2        
	V is the number of unreachable point pairs in the network
	Measure the robustness or fragility of a network



	Network hierarchy (NH)
	   N H =   1 − K  /  max  K      
	K is the number of symmetrically reachable points
	Represent the dominant position of network nodes in the entire network



	Network efficiency (NE)
	   N E =   1 − M  /  max  M      
	M is the number of redundant lines
	Check the degree of redundant lines in the network



	Degree centrality (DC)
	   D C =  n /  N − 1     
	n is the number of nodes connected to a city, and N is the node number in the network
	Reflect the degree to which a city is at the center of a spatial correlation network



	Closeness centrality (CC)
	   C C =   N − 1  /    ∑  j = 1  N    d  i j         
	dij is the shortest distance between city i and city j
	Reflect the degree to which a city in the network is not controlled by other nodes










 





Table 3. The individual network characteristics of the city-level tourism economy in BTH for 2013, 2018, and 2022.






Table 3. The individual network characteristics of the city-level tourism economy in BTH for 2013, 2018, and 2022.





	
City

	
2013

	
2018

	
2022




	
Out-Degree

	
In-Degree

	
Degree

	
Out-Closeness

	
In-Closeness

	
Out-Degree

	
In-Degree

	
Degree

	
Out-Closeness

	
In-Closeness

	
Out-Degree

	
In-Degree

	
Degree

	
Out-Closeness

	
In-Closeness






	
Beijing

	
12

	
1

	
100.0

	
1.00

	
0.35

	
12

	
1

	
100.0

	
1.00

	
0.35

	
12

	
1

	
100.0

	
1.00

	
0.52




	
Tianjin

	
11

	
1

	
91.67

	
0.92

	
0.35

	
9

	
1

	
75.00

	
0.80

	
0.35

	
12

	
1

	
100.0

	
1.00

	
0.52




	
Shijiazhuang

	
3

	
2

	
41.67

	
0.40

	
0.38

	
3

	
2

	
41.67

	
0.40

	
0.38

	
3

	
2

	
41.67

	
0.57

	
0.55




	
Tangshan

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.33

	
0.38

	
1

	
2

	
25.00

	
0.52

	
0.55




	
Qinhuangdao

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
3

	
25.00

	
0.50

	
0.57




	
Handan

	
1

	
4

	
33.33

	
0.35

	
0.43

	
1

	
4

	
33.33

	
0.35

	
0.43

	
1

	
4

	
33.33

	
0.52

	
0.60




	
Xingtai

	
1

	
4

	
33.33

	
0.35

	
0.43

	
1

	
3

	
25.00

	
0.35

	
0.41

	
1

	
4

	
33.33

	
0.52

	
0.60




	
Baoding

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.50

	
0.55




	
Zhangjiakou

	
0

	
1

	
8.33

	
0.33

	
0.36

	
0

	
1

	
8.33

	
0.33

	
0.36

	
0

	
2

	
16.67

	
0.50

	
0.55




	
Chengde

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
1

	
8.33

	
0.33

	
0.36

	
0

	
2

	
16.67

	
0.50

	
0.55




	
Cangzhou

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.50

	
0.55




	
Langfang

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.33

	
0.38

	
0

	
2

	
16.67

	
0.50

	
0.55




	
Hengshui

	
0

	
3

	
25.00

	
0.33

	
0.40

	
0

	
3

	
25.00

	
0.33

	
0.40

	
0

	
3

	
25.00

	
0.50

	
0.57




	
Mean

	
2.15

	
2.15

	
33.33

	
0.44

	
0.38

	
2.00

	
2.00

	
30.77

	
0.43

	
0.38

	
2.31

	
2.31

	
35.90

	
0.59

	
0.55











 





Table 4. Core–periphery density matrix of tourism economy and city distribution in BTH for 2013, 2018, and 2022.






Table 4. Core–periphery density matrix of tourism economy and city distribution in BTH for 2013, 2018, and 2022.





	
Year

	
Area

	
Core Area

	
Periphery Area

	
City






	
2013

	
Core area

	
0.667

	
0.472

	
Beijing, Tianjin, Handan, Xingtai




	
Periphery area

	
0.056

	
0.014

	
Shijiazhuang, Tangshan, Qinhuangdao, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, Hengshui




	
2018

	
Core area

	
0.583

	
0.500

	
Beijing, Tianjin, Shijiazhuang, Handan




	
Periphery area

	
0.028

	
0.000

	
Tangshan, Qinhuangdao, Xingtai, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, Hengshui




	
2022

	
Core area

	
0.667

	
0.500

	
Beijing, Tianjin, Handan, Xingtai




	
Periphery area

	
0.056

	
0.028

	
Shijiazhuang, Tangshan, Qinhuangdao, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, Hengshui

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file4.png
Remote sensing data Statistical data Traffic data

| Hotel, Attraction, Tourists | I High-speed rail travel time

| NightLight |

Railway mileage and travel

' I

: |

: :

! I
|DDII]ESTIC.-"'F DI‘Elgll tourism revenue | E :
. |

: fime !
: :
| I
! i
! I
E :
" |

| Gross domestic product |

Normalized Difterence
Vegetation Index

Highway mileage and travel

|

i |

| |

! |

! |

! |

- |

, |

i | Land use/land cover | !

|

i :

! |

i .

I -

i : time
|

| Gross tertiary industry |

Temporal-spatial evolution ch