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Abstract

:

The growing demographic dividend is declining worldwide due to global population shrinkage. However, with the enhancement of spatial connection, industry-oriented population flow is becoming more and more active. The floating demographic dividend will bring new opportunities to regional development. Population flow has become an important field of urban research. We selected the Beijing-Tianjin-Hebei urban agglomeration as the study area and conducted the study of the interaction relationship between population flow and industry space supply. Considering that it takes time for space supplies to be industrial entities and then to affect population flow, this study built a fixed-effects model with annual space supply and “t + 1” population flow to perform regression analysis. The main findings of the research can be concluded as below. The regional population flow was mainly rural population and floated mainly to rural areas. It is difficult to complete the urbanization of floating population through land urbanization due to China’s household registration system. The population flow is sensitive to industry space supply and its spatial development conditions. As the study area is an important global urban agglomeration and China’s political, economic, and cultural center, its regional population flow is representative and typical. Guiding its population flow to form a coordinated spatial and social network can provide scientific support for regional industry space supply and allocation, and can provide a reference for the development of other urban agglomerations.
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1. Introduction


Though the global population trend is changing from growth to reduction (shown as birth rate decrease and population contraction), the speed of population flow is accelerated due to globalization in last decades (regardless of the impact of COVID-19) [1,2,3,4,5,6,7,8]. Therefore, in addition to the slowing or even negative growth of the natural population growth rate, population outflow in areas with imperfect development or weak development potential has also led to the intensified population contraction trend. However, in this macro contracting trend, thanks to the progress of science and technology, transportation, open-market environments, and other advantages, the population of urban agglomerations has not declined, and its population is still increasing because of population inflow. In this context, population flow has increasingly become an important research field of multi-level (international, national, regional, metropolitan, urban, and rural) urban development research.



Human beings are the creators, builders, and users of the city, so most studies about population flow focus on the relationship between population and urban space development. Researchers are committed to revealing urban and rural space development regulations by studying the evolution of the population temporal-spatial pattern, including driving factors, regulations, spatial distribution models of population flow/change, and the relationship between population flow and land use. They developed interdisciplinary methods to study these various aspects, including politics, economy, folklore, geography, environment, history, agriculture, and urban planning.



The first scholars conducted research on population flow’s laws, dynamics, and its relationship with urban development, and laid the foundational theoretical framework for later and current research. Starting from migration, Ravenstein put forward seven rules about the phenomenon of migration in 1885 [9]. Later researchers paid more attention to the impact of population flow on urban scale and spatial structure, and also explored and summarized the interactive mode of urban space and urban population flow, forming a number of classic theories. In 1925, Burges developed concentric ring theory and identified invasion and succession [10]. Then, in 1938, Louis Wirth, the sociology representative of the Chicago School, defined urbanism from the perspective of urban lifestyle, pointing out that population size, density, heterogeneity, and their interaction are the main factors leading to urban growth [11]. Hoyt adopted the filtering theory in the sector model [12]. Alonso proposed trade-off theory, stating that residents would prefer to trade off the accessibility to urban center to obtain more land [13]. Lee (1966) developed Bagne’s push-and-pull theory and determined that both inflow sites and outflow sites have the force of pull and push [14].



Since then, globalization has extended the above mechanisms and laws to more macroscopic studies. Expansion of population and urban areas is a global trend and affects both cities and the natural environment. The changes of population patterns have revealed the laws of population flow, urban scale, and hierarchical structure of cities in the region [15,16]. Zipf’s law is one of the most early and popular rules adopted to population change [17], and Batty summarized it as a scaling law of population flow in his article and thought it was applicable to various models [18]. Gonzalez et al. employed mobile phone data to study human mobility patterns and found that there are inherent similarities in different patterns and that the similarities influence urban development and planning [19].



Thanks to the support of big data and government public data, research objectives are more diversified and detailed, shifting from the macro driving factor model to more detailed multi-level (international, intercity, urban, rural) laws and driving forces, policy influence, urbanization, population patterns, etc. [18,20,21]. Xiao-Yong et al. formulated a universal model for multi-scale population flow to reveal different flow patterns’ dynamics [22]. Jonathan and Laura studied the impact of population flow in Stockholm on social integration, and they suggested that the city needs to introduce spatial connectivity to revise ethnic segregation [23].



Population flow is also an important tool to study urbanization process. Scholars studied population flow in various countries and regions [24,25], interpreting the stages and characteristics of urbanization through destination changes and quantitative changes of population flow, to illuminate the characteristics and influencing factors of urbanization [26] and counter-urbanization [25,27,28,29,30,31], rural gentrification [32] etc. China’s rapid urbanization has also led to rapid and multiple changes in population pattern and network in a short period. Therefore, research on China’s population flow has been a hotspot in related fields in recent years. Jayson S studied the spatial-temporal evolution of the COVID-19 in China using population flow data to help with the allocation of resource at this emergency period [3]. Zeng et al. used the Baidu heat map to study population flow patterns in and after COVID-19 in Tianjin, China, and found that the virus caused the large-living-circle pattern of population distribution transformed to multiple small-living circles [7]. Wang et al. studied populating pattern difference and identified a national hierarchical structure of flowing population aggregation, using population flow data prior to and during the Chinese Spring Festival [33]. The change in population pattern also reflects the urbanization process of cities at different levels. He et al. studied the shortage of registered residence urbanizing systems and found it led to the lack of ability to prevent population outflow [34]. Chen et al. (2016) studied the spreading effect of different administrative combinations and found that cities were more likely to expand while they were adjacent to a county-level administrative [35].



At the same time, more researchers focus on population changes and spatial changes caused by land urbanization and population urbanization. Song and Liu studied the spatial changes in rural settlements from the interactive relationship of rural register population change and rural settlement area change, and they found that rural population flow leads to land use change in both urban and rural areas [36]. Congmou Zhu found that the urbanization process would be stabilized by regulating rural-urban population flow and urban-rural construction land transformation [8]. Chengcheng et al. found that rural population would decrease with the increment of urban population, urban construction land, and rural settlement land. They also suggested to add time-series data and pay more attention to the population flow in future studies [37].



The above studies included various types, such as tidal population flow around holidays, policy-oriented population flow led by rural-urban space transformation, and intra-city population flow during the epidemic. However, there is still space for improvement in the current research on population flow. First, there are relatively few studies conducted based on continuous time-series data [37]. Current studies use long-interval annual cross-sectional data or big data before and after a special period to study population flow or distribution. These two types of research have obtained scientific conclusions on the macro and micro time scales respectively, but there is still a lack of continuous time series related research to form comparison.



Second, although many scholars focus on the population-land relationship, few studies refined it to relationship between regional population flow and industrial space supply. “People follow industry” is the basic feature of population flow. In this context, urban space supply for housing, green space, public services, education, and medical care reflects more residence intentions. Paniagua found that the main reason for the urban-rural migration is the desire to be self-employed [38]. China’s population flow is also driven by career development. It would be more accurate to judge the direction of future population flow by studying it from an industry perspective.



Third, there is still a lack of research on rural population flow both in China and worldwide. The rural population accounts for 36.11% of China’s total population. Rural floating population is the main component of China’s current and future population flow [39]. However, due to the difficulty of obtaining data in rural areas, previous studies have paid less attention to this field. Existing studies focus more on the “rural-urban” population flow, but it is usually a policy-oriented flow of rural to residential brought about by urbanization, rather than an active physical spatial flow.



According to the latest data from the 7th Census, China’s population is growing at a low speed, from 1.34 billion (2010) to 1.41 billion (2020), with an average annual growth rate of 0.53%. However, at the same time, China is also facing the trend of decreasing birth population, declining fertility willingness, and a declining number of childbearing-age women. In 2020, the number of births in China was only 12 million. Compared with the 17.86 million reached by the “comprehensive two-child” policy in 2016, the number of births has dropped sharply. At the same time, cities, as well as most towns and villages, have been experiencing shrinkage caused population flow to metropolitan areas.



Under this complex demographic trend, this research focused on the above shortcomings and selected the Beijing-Tianjin-Hebei urban agglomeration as the research area. As the research area is an important global urban agglomeration, guiding its population flow to form a coordinated spatial and social network can provide scientific support for regional industry space supply and allocation. The study attempted to answer the question of how population flows in China and the urbanization of the floating population, and how industry space supply affects regional population flow in China. We studied the interactive relationship between regional population flow (which is mainly composed of rural population flow) and industry space supply to reveal the population-space interaction relationship and the changing urban-rural relationship.




2. Materials and Methods


2.1. Study Area


We selected the Beijing-Tianjin-Hebei urban agglomeration as study area, with an administrative area of 218,000 km², including 13 cities; the total population of the area was 110 million, as announced in the seventh census. As an important integrated urban agglomeration in North China, the population flow and land supply of the Beijing-Tianjin-Hebei Urban Agglomeration is more dynamic, and it can better reflect the spatial development logic and population flow mechanism of China’s political, economic, and cultural core. Additionally, it can be used as a prediction tool and reference for population flow mechanisms in other regions. At the same time, the Beijing-Tianjin-Hebei urban agglomeration is an important global urban agglomeration. The study of its interaction between population flow and industry space can guide population flow to form coordinated spatial and social networks, and provide scientific support for the supply and allocation of regional industry space.




2.2. Data


The population flow data frame was sampled by the PPS (Probability-Proportional-to-Size Sampling) method, and the total floating population was 76,992 (including historical and new population flow). Then, we cleaned and processed the original data to establish a new population flow database of the study area from 2014 to 2017, including a total of 6185 samples (1824 samples in 2014, 2131 samples in 2015, 1051 samples in 2016, and 1179 samples in 2017). Then, the study area was divided into 200 spatial units by the county administrative boundary, and the samples were collected, matched, and analyzed in spatial units, forming 292 spatial unit samples in total (60 samples in 2014, 91 samples in 2015, 71 samples in 2016, and 70 samples in 2017).



We cleaned land transaction data and established the space supply database of secondary industry and tertiary industry in the study area from 2014 to 2017, and formed a total of 34,336 industrial space supply data after screening and calculating (17,582 for secondary industry and 16,754 for tertiary industry). Based on above two databases, this study conducted basic research and analysis to form the basic law of regional population flow and industry space supply.




2.3. Methods


As the basic law of population flow is that population flows with industry development, we took the flow as consequence, since it takes certain periods from space supplies to industrial entities to affect the population inflow. We employed the average time of construction after contract signing. Therefore, this study employed the “t” annual space supply, the “t” population flow, and the “t + 1” population flow to perform regression analysis. For example, we employed population flow in 2015 as dependent variable, and accordingly, population flow in 2014 and space supply in 2014 as independent variables. Then, we associated the new population flow data with the industrial space supply data of each district and county, and generated a total of 166 spatial samples (55 samples in 2015, 58 samples in 2016, and 53 samples in 2017).



Due to the large gap in the magnitude of data, the data were first processed by taking the logarithm. As the value of some sample indicators was zero, such as industry space supplies, the logarithm was taken after adding 1 to all data. As the population flow data were an Unbalanced Panel data formed by random sampling of counties in study area, we selected FEM (fixed-effects model) for regression after establishing the basic regression logic.



The basic model of panel data is as below,


   Y  i t   = α + β  X  i t   +  μ i  +  v  i t    



(1)






    Y ¯  i  = α + β   X ¯  i  +  μ i  +   v ¯  i   



(2)






   Y  i t   −  Y ¯  = β (  X  i t   −   X ¯  i  ) +  (   v  i t   −   v ¯  i   )   



(3)







In Equation (1),  i  stands for space sample and  t  stands for year,  β  is the coefficient matrix to be estimated,    X  i t     is the observation value of the ith space sample of the kth explanatory variable in year  t ,    μ i    is the effects of the unobserved space sample, and    v  i t     is the random error term. Then, all variables were de-averaged to eliminate    μ i   , Equation (1) and (2). Then we used FEM (Equation (3)) to perform regression. The regression took “New Flow Number” and “Rural Destination Proportion” as dependent variables and divided independent variables into five types (31 indicators in total). After eliminating collinearity with the standard of VIF < 10, five types of independent variable sets (20 indexes in total) were formed to build FEM (Table 1).





3. Results


3.1. Population Flow


3.1.1. Overall Characteristics and Composition of Population Flow


The population flow of the Beijing-Tianjin-Hebei urban agglomeration has formed a regional inflow core with Beijing-Tianjin-Xiongan as the fulcrum in space. The high value space of new population flow is mainly distributed in Chaoyang District of Beijing, Wuqing District of Tianjin, Jinnan District of Tianjin, and Wenan County of Langfang(Figure 1). These regions are still the core of regional inflow (Figure 2), even after a sharp decline of New Flow Number in 2016 (Figure 3). Shijiazhuang is the inflow core in south part of the Beijing-Tianjin-Hebei urban agglomeration. With the decrease of new inflow, the maximum inflow population in the whole region decreased from 210 in 2014 to 151 in 2017.



From the perspective of a new inflow destination spatial pattern, except for some areas in Beijing and Tianjin, jurisdictional areas of the village committee were still the destination for most new floating people from 2014 to 2017. Although the number of inflows has decreased, the proportion of rural area destinations decreased and then rebounded to 0.61 in 2017, returning to the original level.



New population flow in the Beijing-Tianjin-Hebei urban agglomeration continued decreasing (Figure 3). New flow number increased from 2014 to 2015, and then the number fell by nearly half in 2016. The overall trend of new flow number is consistent with the trend of secondary industry land supply. In 2016 to 2017, the tertiary industry space supply increased first and then dropped slightly, the downward trend of secondary industry space supply slowed down, and the number of new floating population increased slightly.



From 2014 to 2017, the agricultural registered residence still kept the majority of new population flow in the study area (the agricultural registered residents proportion was 0.86 in 2014, 0.88 in 2015, 0.86 in 2016, and 0.90 in 2017, respectively). In 2017, the proportion of agricultural registered residence even rose to 0.90, and the rural destination proportion was 0.61, meaning that the main flow form in the area was still “rural-rural” flow. The average age of the new population flow in the region was relatively stable, and the population between 30–40 years old constituted the main body of the flow. The education level of the new population flow increased in the 4 years: the proportion of people with high school education or below decreased, and the proportion of people with bachelor’s degrees increased. However, graduate degrees were still rare in annual population flow, and highly educated people gathered in the central area of major cities.




3.1.2. Flow Mode & Aim


The proportion of inter-provincial population flow in the Beijing-Tianjin-Hebei urban agglomeration had been decreasing year by year, but the regional internal flow had been increasing (Figure 4). The inter-provincial population flow was mainly concentrated in and around Beijing and Tianjin, while inter-city flow and inter-county flow were the main forms in other cities. The inter-city flow ratio was still low in the area, reflecting that the links between cities at the regional level are still weak. The inter-county flow ratio increased, and the accelerated flow within the city can strengthen the economic and social ties among counties and districts. Nearly 90% of the floating population’s purpose was to seek career development, but this proportion is decreasing annually, representing that the flow aim is gradually diversified.




3.1.3. Occupation


The floating population was mainly engaged in the secondary and tertiary industries, and the proportion of practitioners in the tertiary industry was slightly higher than that of the secondary industry (Figure 5). The changing trend of the proportion of employees in the secondary industry was U-shaped, while the changing trend of the proportion of employees in the tertiary industry was the opposite. From the perspective of spatial distribution, the floating population in the central city and surrounding areas of each city in the region was more engaged in tertiary-industry-related work, and that in space units of the metropolitan fringe area and units outside central cities were more engaged in the secondary industry.





3.2. Industry Space Supply


For the industry space of the Beijing-Tianjin-Hebei urban agglomeration (Figure 6), this paper took the land supply data that completed the contract signing and land delivery before 2013 as the original spatial base, and took the area and quantity of annual new industrial space supply as the index.



3.2.1. Secondary Industry Space Supply


Till 2013, the stock secondary industry space in the study area was 11,104 places, 61,967 hectares. In 2014, the secondary industry added 1516 spaces with 7333 hectares. In 2015, the number and area were 1689 spaces, 5945 hectares respectively. In 2016, it was 1707 places and 5861 hectares, and in 2017, 1566 places and 4964 hectares. From 2014 to 2017, the area of secondary-industry space supply declined, but the amount of supply did not change much, and the space supply was more refined.



The existing secondary-industry space in the region is mainly concentrated in Beijing and its surrounding area, and Tianjin and the coastal areas around Tianjin. New space supply is mainly distributed in the southeast of the Beijing-Tianjin-Hebei urban agglomeration and the south of the Taihang Mountains. The average area of space supply of large cities and their central districts is larger. The density of space supply of the periphery of the metropolitan area is lower, and the average area of them is smaller at the same time, including townships as well. The secondary-industry space supply in the study area formed a high-value cluster in the circum-Tianjin area, and a low-value cluster in Shijiazhuang and Baoding.




3.2.2. Tertiary Industry Space Supply


For tertiary industry, until 2013, the stock tertiary industry space was 11,531 places, 19,057 hectares. In 2014, the tertiary industry added 1261 spaces with 1791 hectares. In 2015, the number and area were 1304 spaces, 2529 hectares respectively. In 2016, it was 1337 places and 2760 hectares, and in 2017, 1300 places and 2760 hectares. From 2014 to 2017, both the area and the quantity of tertiary industry space supply showed a growth trend on the whole.



The existing tertiary industry space in the region is mainly concentrated in Beijing and Tianjin. The new space supply is more evenly distributed than the secondary industry space supply, but it is still mainly supplied in the central areas of Beijing, Tianjin, and Shijiazhuang, while the supply in other areas is less. During 2014 to 2017, hot spots of regional tertiary industry space supply gradually expanded from the Beijing and Tianjin areas to the areas and their surroundings, while the cold spots were mainly located in the southern part of the Beijing-Tianjin-Hebei urban agglomeration.





3.3. Fixed Effect Model


For the change of RDP (R2 = 0.68) (Table 2), we examined the impact of population pattern and space supply last year on it. We found that both RDP and ARRP had a significant impact on the RDP of new population flow, and RDP had a positive effect while ARRP had a negative effect. Population with low education level is more inclined to flow to rural areas, and high education has a negative effect on the proportion of rural destinations. The increase of CPP would lead to the increase of RDP, and the active inter-provincial flow may help rural areas developing. From the perspective of Occupation, due to the characteristics of the rural industry and the demand of employees, both FIP and TIP have a negative impact on RDP. Additionally, except for government-related occupations, the proportion of other occupations or unemployment has a positive effect. For space supply, both NA_SILS and NA_TILS had a positive effect, and the influence of NA_TILS was greater and more significant. RDP was positively sensitive to ALLFAR_SIL, while new flow in rural areas demands for a low FAR supply of tertiary space. At the same time, OA_TILS had a significant negative impact. The more the stock tertiary industry space in the unit, the lower the proportion of population floating to rural areas.



For the change of NFN (R2 = 0.76) (Table 2), the NFN last year had a significant positive effect, while ARRP had a negative effect. Though all education level indices had a pulling effect on NFN, the influence of higher education level was greater. For occupation, FIP and TIP had the opposite effect, which may be due to the different regional competition patterns caused by different industry practitioners. Enterprise employees and other occupations had a significant positive impact, while GSEP had a negative impact. Because government and state-owned enterprises have a low employment rate, when GSEP increases, it usually means that the population flow in the unit is small and the occupational vitality is low, resulting in a decrease in NFN. For space supply, the increase of NA_SILS will slightly lead to the reduction of NFN, and ALLFAR_SIL and AULFAR_SIL will have a positive impact, which is consistent with research expectations and meets residents’ demand for the quality of the living environment. However, it is inconsistent with research expectations that the increase NA_TILS is also negative. ALLFAR_TIL and AULFAR_TIL would have a negative and positive influence, respectively. However, OA_TILS had a significant positive impact, indicating that the population flow has a higher demand for the spatial form and pattern of the tertiary industry space.





4. Discussion


Unlike previous studies, this study did not focus on a single element, such as population pattern [18,20,21], urbanization, or “push-pull” driving force models [14,25,27,28,29,30,31], nor the short-term laws or meso-micro laws of population flow [3,7]. Instead, it focused more on the spatial laws of population flow in urban agglomerations, and how industrial space affects population flow, and analyzed how population flow patterns will affect the development and pattern of cities employing long-term data.



The characteristics of China’s national conditions lead to urban rural duality, and cities and townships are separated to a certain extent from the perspective of space, policy, and society. Therefore, before we started our research, we already made some predictions of population flow in the Beijing-Tianjin-Hebei urban agglomeration. We believe that the main body of China’s population flow comprises residents of small towns and villages whose registered residences are agricultural households. Additionally, due to personal development, the registered residence system, social integration difficulty, and other reasons, the destinations of flow are mainly the outer urban spaces of core cities with high industrial development in the urban agglomeration. This prediction was confirmed in research (see Section 3.1.1). The population flow in the Beijing-Tianjin-Hebei urban agglomeration takes Beijing, Tianjin, and their surrounding areas as the main destinations. The districts with the largest floating population during the study period were Changping District (Beijing), Chaoyang District (Beijing), Wen’an County (Langfang), Jinnan District (Tianjin), and Baodi District (Tianjin).



As above, the population flow in the Beijing-Tianjin-Hebei urban agglomeration is mainly agricultural residence registration. The study of population flow in this region is basically equivalent to the study of rural population flow. For overall distribution pattern, the destination of population flow is still dominated by rural areas. The proportion of newly increased floating population destined for rural areas showed a “U”-shaped change, which was accompanied by a decrease in the amount of new population flow. From destination perspective, the urbanization rate of floating population in the Beijing-Tianjin-Hebei urban agglomeration was only 39%, showing a significant gap with 65.8%, the regional urbanization rate published by the National Bureau of Statistics in 2019. It shows that the government can complete population urbanization through land urbanization, but it is difficult to complete the urbanization of floating population through land urbanization. The population flow from rural to urban areas in the region is active, but its urbanization process is passive. The urbanization is completed by taking the rural population outside the city as a “rural-urban” population flow during the expansion of the city. Different from other studies [8,40], this study found that China’s floating population did not flow directly from rural areas to urban areas and completes urbanization, but more formed “rural-rural” flows. However, this phenomenon and flow pattern is different from counter-urbanization in many other studies. Researchers identified counter-urbanization as a process of population deconcentration or a process of urban outmigration [30,41]. We agree with other scholars’ viewpoint that the most important cause of urbanization and counter-urbanization is population flow [29]. We conceptualize counter-urbanization as the phenomenon of urban population proportion decline caused by “urban-rural” population flow, as many scholars studied the process [30,42,43,44,45,46,47]. However, the Chinese government’s urban-rural policy has been trying to avoid rural area gentrification, which will cause rural residents to lose development space and development rights, so it is difficult for there to be a “urban-rural” population flow in China. The current “rural-rural” population flow is actually still a phenomenon caused by both the gravitational effect of metropolitan areas and the barriers of living costs and employment in metropolitan area. This is actually a manifestation of the urbanization willingness of the rural population flow. The reason for this flow pattern is that, on the one hand, it is easier for the floating population to work and live in a familiar environment, and on the other hand, urban job positions require relatively high education levels and technical capabilities, resulting in less “rural-urban” population flow. Meanwhile, highly educated population flow is more concentrated in urban-core space due to the inability to provide the corresponding salary and positions in rural areas. The improvement of the education level will make the flow destination transfer from rural areas to urban areas, and the population flow is able to obtain urban registered residence through employment and tax payment, which will promote the urbanization of the migrant population.



We also verified that the primary driving force of population flow is career development. This occupation-oriented population flow is a long-term behavior and is coordinated with the periodicity of land and industry. The amount of land supply is equal to the authorization of land development rights, and the relevant industry land can directly reflect the situation of industry development. The industry space will change and affect population flow before the flow starts, and the floating population and local residents will work together to produce more diversified development and changes in the urban space. Both new population flow and new industry space supply in the Beijing-Tianjin-Hebei urban agglomeration showed a periodic law to some extent. The change in population flow is highly consistent with the change in secondary industry space supply, and the change in tertiary industry space supply is slightly ahead of the change in population flow. Therefore, urbanization provides more industry space and jobs by incorporating rural space into cities, forming a passive “rural-urban” population flow, and then these new urban residents will have a new impact on the space based on their living and working needs.



From the perspective of the degree of flow destination development, population is more inclined to flow to more well-developed areas, rather than areas that are developing vigorously in progress. The FEM model showed that the new industry space supply in the Beijing-Tianjin-Hebei urban agglomeration will reduce the amount of new population flow in the following year, but the area of the stock tertiary industry will drive the increase in the amount of new population flow. The large area of stock tertiary industry means that the districts and counties can provide more stable jobs, and the space quality, life services, and education facilities of them may be better than those with more new industry space supply. Individuals began to flow due to occupation opportunities, but their willingness to stay was more positively correlated with the level of regional development, which is consistent with other studies [1,48]. The study found that the inter-county flow in the region increased significantly. Since the purpose of flow is mainly for work and business, it shows that changes in the industrial network in the region, especially in neighboring districts and counties, will have a greater impact on population flow. At the same time, the proportion of intra-province flow also improved, indicating that the industry space network of the Beijing-Tianjin-Hebei urban agglomeration has been more active than before.



However, the increase in new industry space supply will drive the increase in rural destination proportion, while the area of the existing tertiary industry space has a negative effect. First, this is because space supply in urban areas is relatively saturated, and most districts and counties with more new industry space supply are space units with a low urbanization rate and are in a stage of rapid development. Another reason is that, compared with urban space, the cost of living in rural area is lower, and population flow is more familiar with rural areas. Therefore, regional population flows more to urban villages or suburban villages that are close to industry space, leading to an increase in rural destination proportion. Rural space proportion is also lower in those well-developed districts and counties with more tertiary industry space, which will have a negative impact on the proportion of rural destinations.



One of the most important characteristics of population flow is that the floating population is added to or subtracted from the industry space of the node cities of the entire population flow network. Under the trend of global population shrinkage and the decline of the growing demographic dividend, this study studied the relationship between population flow and industry space supply in the Beijing-Tianjin-Hebei urban agglomeration to guide the evaluation of regional space supply in practice and the prediction of future regional industry space demand, to avoid lack of space resources or waste caused by misallocation of resources which will cause industry development to fall into a bottleneck. Additionally, the study helps revise the urban-rural relationship and guide population flow via adjusting the rationing of industry space so as to stimulate the floating population dividend to drive regional development. This is also an important field of future urban and rural development research.




5. Conclusions


The regional population flow in Beijing-Tianjin-Hebei urban agglomeration is mainly composed of rural population, and the main destinations of flow are rural areas. Towns with a high level of development will attract more floating population, such as the areas around Beijing and Tianjin. Population flow is sensitive to industrial space change. The change in population flow is highly consistent with the change in secondary industry space supply, and the change in tertiary industry space supply is slightly ahead of the change in population flow. Additionally, the urbanization rate of floating population in the region is only 39%, much lower than the overall regional rate of 65.8%. With the change of China’s household registration policy, it is more feasible to guide the urbanization of floating population through space supply in the future.
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Figure 1. Map of Beijing-Tianjin-Hebei Urban Agglomeration. 
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Figure 2. NFN and RDP from 2014 to 2017. 
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Figure 3. Population flow and industry space supply change from 2014 to 2017. 
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Figure 4. Flow mode in the Beijing-Tianjin-Hebei urban agglomeration during 2014 to 2017. 
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Figure 5. Industry of population flow during 2014 to 2017. 
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Figure 6. Industry space supply in the Beijing-Tianjin-Hebei urban agglomeration from 2014 to 2017. 
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Table 1. Indices of population flow and industry space supply. (* for at 0.1 level of significance).
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Indicators

	
Whether Used in FEM

	
Abbreviation






	
Composition

	
New Flow Number

	
√

	
NFN




	
Rural Destination Proportion

	
√

	
RDP




	
Agricultural Residence Registration Proportion

	
√

	
ARRP




	
Average Age

	

	




	
Education Level

	
Under Highschool Proportion

	
√

	
UHP




	
Graduates Proportion

	

	




	
Post-graduates Proportion

	
√

	
PP




	
Flow Mode and Aim

	
Cross Province Proportion

	
√

	
CPP *




	
Cross City Proportion

	

	




	
Cross Town Proportion

	

	




	
Job and Business Proportion

	

	




	
Occupation

	
the Primary Industry Proportion

	
√

	
FIP




	
the Secondary Industry Proportion

	

	




	
the Tertiary Industry Proportion

	
√

	
TIP




	
Government and State-owned Enterprise Proportion

	
√

	
GSEP




	
Individual Businesses Proportion

	
√

	
IBP




	
Enterprise Proportion

	
√

	
EP




	
Other Occupation Proportion

	
√

	
OOP




	
No Occupation Proportion

	
√

	
NOP




	
Space Supply

	
New Number of the Secondary Industry Land Supply

	

	




	
New Area of the Secondary Industry Land Supply

	
√

	
NA_SILS




	
Average Lower Limit of New Secondary Industry Land FAR

	
√

	
ALLFAR_SIL




	
Average Upper Limit of New Secondary Industry Land FAR

	
√

	
AULFAR_SIL




	
New Number of The Tertiary Industry Land Supply

	

	




	
New Area of The Tertiary Industry Land Supply

	
√

	
NA_TILS




	
Average Lower Limit of New The Tertiary Industry Land FAR

	
√

	
ALLFAR_TIL




	
Average Upper Limit of New The Tertiary Industry Land FAR

	
√

	
AULFAR_TIL




	
Overall Number of The Secondary Industry Land Supply

	

	




	
Overall Area of The Secondary Industry Land Supply

	

	




	
Overall Number of The Tertiary Industry Land Supply

	

	




	
Overall Area of The Tertiary Industry Land Supply

	
√

	
OA_TILS
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Table 2. FEM results of RDP and NFN. (* for at 0.1 level of significance, ** for at 0.05 level of significance, *** for at 0.01 level of significance.)
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Rural Destination Proportion (R2 = 0.68)

	
New Flow Number (R2 = 0.76)






	

	

	
Coefficients

	
Sig.

	

	
Coefficients

	
Sig.




	

	
(Constant)

	
0.003

	
0.870

	
(Constant)

	
0.002

	
0.976




	
Composition

	
NFN

	
0.019

	
0.369

	
NFN ***

	
0.536

	
0.000




	
RDP ***

	
0.550

	
0.000

	
RDP

	
0.166

	
0.569




	
ARRP **

	
−0.282

	
0.031

	
ARRP

	
−0.764

	
0.123




	
Education Level

	
UHP

	
0.175

	
0.266

	
UHP

	
0.255

	
0.670




	
PP

	
−0.354

	
0.759

	
PP

	
2.634

	
0.549




	
Flow Mode

	
CPP *

	
0.183

	
0.055

	
CPP

	
0.233

	
0.520




	
Occupation

	
FIP

	
−0.422

	
0.304

	
FIP

	
0.740

	
0.635




	
TIP

	
−0.107

	
0.401

	
TIP

	
−0.163

	
0.736




	
GSEP

	
−0.101

	
0.552

	
GSEP

	
−0.244

	
0.706




	
IBP

	
0.271

	
0.129

	
IBP

	
0.806

	
0.234




	
EP *

	
0.242

	
0.090

	
EP **

	
1.295

	
0.018




	
OOP

	
0.373

	
0.148

	
OOP *

	
1.681

	
0.087




	
NOP

	
0.072

	
0.752

	
NOP

	
1.239

	
0.157




	
Space Supply

	
NA_SILS

	
0.002

	
0.872

	
NA_SILS

	
−0.040

	
0.479




	
ALLFAR_SIL *

	
0.152

	
0.064

	
ALLFAR_SIL

	
0.295

	
0.342




	
AULFAR_SIL

	
0.002

	
0.962

	
AULFAR_SIL

	
0.255

	
0.134




	
NA_TILS **

	
0.047

	
0.042

	
NA_TILS

	
−0.067

	
0.440




	
ALLFAR_TIL

	
−0.026

	
0.652

	
ALLFAR_TIL ***

	
−0.680

	
0.003




	
AULFAR_TIL

	
−0.032

	
0.217

	
AULFAR_TIL **

	
0.200

	
0.047




	
OA_TILS *

	
−0.035

	
0.075

	
OA_TILS *

	
0.124

	
0.094
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