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Abstract

:

The concept of transit deserts stems from the concept of food deserts. There is substantial research on transit deserts in developed countries. However, there is no known research that has studied this subject in Chinese cities. Using open-source data, this paper identified transit desert areas in four major Chinese cities (Beijing, Shanghai, Wuhan, Chengdu). The results show that: (1) In these four cities, the transit desert areas are mainly concentrated in city centers and hardly occur in any suburban areas, which is very different from the cases in the US. (2) Shanghai has the largest transit-dependent population living in transit deserts, followed by Beijing, Chengdu, and Wuhan. Chengdu has the smallest transit desert areas, followed by Shanghai, Wuhan, and Beijing. (3) An oversized transit-dependent population and incomplete transit systems in these cities might contribute to the transit deserts’ occurrences. (4) Different distribution of population density, traveling preference, and transportation investment policy in Chinese and American cities might contribute to the different findings. By examining transit desert problems in major Chinese cities, this study brought people’s attention to the gap between transit demand and supply in China.
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1. Introduction


The concept of “transit deserts” originates from the popular and thoroughly studied concept, “food deserts,” which refers to those areas lacking enough access to fresh and nutritious food for residents [1,2]. Similarly, a transit desert is defined as an area that is not equipped with enough transit services to meet residents’ travel demands [3]. It reveals that the level of transportation accessibility in this area is low, caused by deficiencies in transport infrastructure and connecting services, or the transit-dependent population is overcrowded [4]. It will take people a far longer time to travel through than the other areas. People residing in the transit desert areas suffer from the low level of transit access or fiercer competition for transit services. The identification of transit deserts involves three major concepts. The first is transit demand. It refers to the demand for transit services of residents who live in an area, measured by the total number of the transit-dependent population in this area. Transit-dependent populations are likely to require public transit services to travel within urban areas compared to other populations. This group often includes juveniles, the elderly, those lacking the financial capacity for private vehicles, or those who are unable to drive [5]. The second is transit supply, which shows the conditions of transit services spatially connecting different areas and carrying human mobility in the area. It is measured from three aspects: transit stops, transit routes, and road networks. Lastly, the transit gap, which can be measured by subtracting demand from supply. The areas with high transit gaps, where transit demands are far beyond transit supplies, are identified as transit deserts.



Since 2013, transit desert research has undergone comprehensive development in the US and been applied to many cities. Studies showed that most transit deserts occurred in neighborhoods surrounding central urban historic areas, whereas a smaller number of transit deserts was scattered in isolated suburbs of major American cities [3,6]. Measurements for transit demand and supply were further refined as well, by adding the number of transit stops, routes, and trips, the length of low-speed roads, and the density of road intersections [6]. Previous studies show that in most American cities, transit services are likely concentrated in the city center. Conversely, transit demand tends to be scattered around the entire city [7]. Recently, transit deserts have been used as a tool to identify existing housing and employment problems in American cities. For example, research showed that over 400,000 residents and 250,000 job opportunities are located in transit deserts in Cook County, Illinois [8]. On average 4 million or 7% of the population of the 52 major American cities live in transit deserts [9].



There is little research on this subject for Chinese cities. China is a developing country which has gone through a rapid socioeconomic development and urbanization process in the past forty years [10,11,12]. Transportation infrastructure in Chinese megacities developed quickly, expanding from central urban areas to suburbs, while promoting inter-city and intra-city transportation [13,14]. Due to this rapid urbanization, most cities’ transportation systems do not meet the transportation demand. Additionally, there are problems associated with non-motorized travel in Chinese cities. In recent years, walkability in Chinese cities has gradually decreased, especially in newly developed suburbs [15,16]. Bike lane density in Chinese cities also fell significantly [17]. According to a 2018 report on urban commuting in China released by Jiguang Company, Chinese urban residents suffer from high transit service inequality, partly due to an oversized population and imperfect transit facilities [18]. Clearly, solutions for alleviating transit inequalities in overpopulated cities is an emergent issue. Urban planners and policymakers continue to implement policies to solve this problem, but more comprehensive studies should be conducted to understand the current state of public transit in China. Therefore, identifying transit deserts in major cities in China is an important question for both academic research and planning practice.



Using open-source data, this study attempts to fill the research gap by investigating the relationship between transit supply and demand in four major Chinese cities (Beijing, Shanghai, Wuhan, and Chengdu) which are located in the east, the middle, and the west of China, respectively. This study intends to address three primary questions: (1) What are the characteristics of the areas with large transit gaps between supply and demand in major Chinese cities? (2) What are the similarities and differences between the spatial distributions of these areas in Chinese and American cities? (3) What might cause these differences?




2. Methods and Materials


2.1. Study Area


This study focuses on four major Chinese cities: Beijing, Shanghai, Wuhan, and Chengdu (Figure 1). These four cities are major political and economic centers in China with large populations and well-developed transportation systems. They are located in different geographical regions of China. Beijing and Shanghai sit in the northeast, with Beijing more inland than Shanghai. Wuhan, known as “the River City” and “the City of Hundreds of Lakes,” is located in the middle of the country. Chengdu is the central city of western China and plays an important role in China’s western development program.




2.2. Data


All the data used in the research were collected from open sources. Road network data was collected from the OpenStreetMap which is crowdsourced and provides free geographic data to the world. The data consists of various kinds of road layers, such as motorways, major, pedestrian streets, and cycleways. Among these layers, footways, living streets, and pedestrian lanes are identified as sidewalks, while cycleways are identified as bike routes. Sidewalks, bike routes, and residential streets are extracted as low-speed roads. Data for transit stops and routes were collected from Amap.com via calling the resources through an application programming interface (API) of the website. Amap is a open platform belonging to Amap Company that creates map products and provides map services to users. By sending requests to a uniform resource locator (URL) connected with a certain map service, the information recorded in the URL is sent back via its network port. The transit trips are collected from public transit timetables, which include start time, end time, and interval time. Population data were collected from a 2017 LandScan dataset of Oak Ridge National Laboratory (ORNL) and the 2010 Chinese Sixth Demographic Census. The ORNL’s LandScan datasets provide global population distribution data based on a 30 m × 30 m spatial resolution [19].



Since LandScan population added the number of permanent residents and migrant population in China together, we modified the LandScan population number by the total permanent population number recorded in the 2018 Chinese Statistical Yearbook which provides the statistics data of China in 2017 [20]. Due to the lack of age data in 2017, the researchers applied the age data of the 2010 Sixth Demographic Census to calculate the transit-dependent population. In addition, the number of private vehicles was collected from data at the city level published by the cities’ transport bureaus and transport industry reports from associated transit agencies. The unit of analysis is subdistrict, which on average is 51 km2 and includes 85,000 people. Finally, all data were transformed from WGS84 geographical coordinate system to the UTM (UniversalTransverseMercator) projection coordinate system.




2.3. Methodology


A negative transit gap value means transit supply is less than demand in the area, while a positive value means transit supply exceeds demand [21]. A large negative gap shows that transit supply is not enough to satisfy demand in the area. The lower the value, the larger the gap between transit demand and supply. Conversely, the greater the value, the smaller the gap. The areas with large negative transit gaps are identified as transit desert areas.



The transit desert analysis was conducted in four Chinese major cities (Beijing, Shanghai, Wuhan, and Chengdu) at the subdistrict level. A subdistrict is an administrative unit in Chinese cities which is one level lower than a district. The area of a subdistrict is close to the size of a town in American cities. For transit-dependent population, the research used a formula developed by the US Department of Transportation to measure the transit-dependent populations within each subdistrict of each city [22]. First, residents aged 16 years or over were considered a population that might be drivers. Then, the number of drivers was calculated by subtracting the number of people residing in group quarters (the residences that companies or institutes provide to their employees) from the population aged 16 and above. The transit-dependent population was measured by subtracting the number of private vehicles from household drivers (Equation (1)). After the transit-dependent population was calculated for each subdistrict, the value was then divided by the area of the subdistrict to calculate the density of transit-dependent populations. Finally, the Z-scores were measured for the density of transit-dependent populations in each subdistrict for normalization (Equation (2)).


    T D P  i  =  (    T P  i  ∗   E P  i  −   Q P  i  −   A V  i   )  /  S i   



(1)






  T  D i  =   T D  P i  − A v e r  (  T D  P i   )    S T D  (  T D  P i   )     



(2)




where   T D  P i    refers to the density of transit-dependent population in subdistrict  i ;   T  P i    refers to the total population number in 2017 in subdistrict  i ;   E  P i    is the proportion of people aged 16 and above in 2010 in subdistrict  i ;   Q  P i    is the number of persons living in group quarters in subdistrict  i ;   A  V i    is the number of private vehicles in subdistrict  i ; and    S i    is the area of subdistrict  i .   T  D i    refers to the transit demand in subdistrict  i , presented by the Z-scores of the density of transit-dependent population.   T D  P i    is the density of transit-dependent population in subdistrict  i , while   A v e r  (  T D  P i   )    and   S T D  (  T D  P i   )    are the arithmetic mean and the standard deviation of all density values, respectively.



People living in group quarters were identified by extracting population grids where there are points of group quarters. Then, the number of people residing in group quarters of each subdistrict was measured by the total population in the grids. Specifically, group quarters include such places as college residence halls, residential treatment centers, skilled nursing facilities, group homes, military barracks, correctional facilities, and workers’ dormitories, which is the same as the definition of group quarters according to the US Census. At the same time, data for private vehicles are not published at the subdistricts’ level. Thus, we calculated the number of private vehicles in a subdistrict by multiplying total private vehicles in the entire city with the ratio of total population in this subdistrict to total population in the city and the ratio of gross domestic product (GDP) share in this subdistrict to total GDP in the city. If a subdistrict has more private vehicles than residents, its transit-dependent population would be adjusted to zero.



Transit supply in subdistricts of each city was calculated by aggregating the following seven criteria including the numbers of transit stops, routes, and trips, the total lengths of sidewalks, bike routes, and low-speed limit roads, and the number of road intersections [23,24]. The number of transit stops, routes, trips, and road intersections reveals the services of motorized transit systems, while the lengths of sidewalks, bike routes, and low-speed limit roads are used to evaluate the non-motorized (walking and cycling) and low-speed transit systems. Since motorized and non-motorized transit systems jointly constitute to urban transportation systems, we weighted these seven variables equally to measure the conditions of transit services supply in an area. Transit trips represent the frequency of transit services within an area, which are collected based on weekday services. However, not all transit routes have complete information to calculate trips. For those routes including only a start and end time, the research set the interval time as 15 min. For the routes only including start time, the end time was set to 22:30, and the interval time was also set to 15 min. Once these values were calculated for each subdistrict, they were divided by the area to calculate the density of transit supply of each subdistrict. Z-scores were calculated and aggregated for these seven criteria to represent the overall transit supply of the subdistrict.


  T  S i  =  (  TSZ + TRZ + TTZ + SLZ + BLZ + LLZ + RIZ  )  / 7  



(3)




where   T  S i    is the transit supply in subdistrict  i ;   TSZ  ,   TRZ  , and   TTZ   are the Z-scores of the density of transit stops, routes, and trips within subdistrict  i ;   SLZ  ,   BLZ  , and   LLZ   are the Z-scores of the density of sidewalks, bike routes, and low-speed limit roads, respectively;   IDZ   refers to the Z-score of the density of road intersections in subdistrict  i .



Transit gaps for each subdistrict were calculated by subtracting the Z-scores of transit demand from those of supply. Finally, five levels of transit gaps were classified by the natural breaks method, and the areas with the highest and second highest levels of transit gaps were identified as the transit desert areas.


  T  G i  = T  S i  − T  D i   



(4)




where   T  G i    refers to the transit gap in subdistrict  i .





3. Results


The characteristics of transit deserts in the study areas are analyzed from three aspects: transit demand population, transit system, and the gaps between demand and supply. For these four cities, Shanghai has the highest proportion of transit-dependent populations (14.5 million, 62.01%), followed by Beijing (11 million, 50.51%). Wuhan and Chengdu have relatively lower percentages of transit-dependent populations; they are 2.3 million or 21.16% and 5 million or 31.22%, respectively (Table 1). All these cities have more than 20% transit-dependent population which is different from cities studied in Texas, of which the case studies used the identical methodology with this study [6]. Shanghai has the largest number of transit-dependent people living in transit deserts (2,836,960), followed by Beijing (1,721,971). Chengdu (347,032) and Wuhan (50,037) have transit-dependent populations living in transit deserts that are smaller than those in Shanghai and Beijing. Chengdu has the smallest transit desert areas (36.80 km2), followed by Shanghai (57.38 km2), Wuhan (61.49 km2), and Beijing (109.94 km2).



In terms of the transit supply, Beijing and Shanghai operate much larger transit systems than Wuhan and Chengdu, even though Shanghai has the smallest geographic area among these four cities. Beijing operates the largest transit system in comparison to the other cities. Beijing’s transit system covers 16,360 km2 and includes 10 rail lines, 1658 bus lines, and 14,640 bus stops. Beijing also has far longer sidewalks (1398.09 km) and more low-speed roads (6683.32 km) than the other cities. Shanghai has the most rail lines (17 lines), the highest frequency of transit service (681,452 trips), and the longest bike routes (414.30 km) among the studied cities. Due to its oversized population crowded into a relatively small urban area, Shanghai has a much denser road network and road intersections (18.90 per km2) than the other three cities. Shanghai also has 15 boat lines, which is unique to Shanghai. Wuhan has the fewest transit stops (6102), bus routes (656), sidewalks (260 km), and low-speed roads (2200 km) among these cities. However, it does have more subway lines (12) and a more frequent transit system (332,435 trips per day) than Chengdu (281,610 trips). Chengdu’s geographical areas are comparable to Beijing but with a much smaller transit system coverage and only concentrated in central urban areas, which results in the lowest road intersection density among the cities (3.75 per km2). Chengdu also has the fewest subway lines (4 lines), the shortest bike routes (47.67 km), and the lowest frequency of transit services (281,610 trips per day), although it does have a very large transit-dependent population.



Figure 2 and Figure 3 show the spatial distribution of transit demand, transit supply, and transit gaps in these four cities. Table 2 shows the top five subdistricts with the largest and smallest gaps between transit supply and demand in each city. Overall, Chengdu has the smallest proportion of the areas where transit supply is unable to satisfy demand, followed by Wuhan, Shanghai, and Beijing. Spatially, the transit supply and demand of most subdistricts in each city are relatively balanced. The results show that in these four cities, the transit desert areas are concentrated in the central urban areas where the levels of transit demand are also very high. The results also show that most areas with enough transit supply for demand are concentrated in the city center, whereas some of them are scattered in the urban outskirts (e.g., Beijing).




4. Discussion


The research identified transit deserts in four major Chinese cities. Overall, most of these cities have a high concentration of transit desert areas in the central urban areas, especially in historic old towns. The spatial distribution characteristics of transit demand and supply in Chinese metropolitan cities are significantly different from those in American cities, especially in suburbs. In suburban areas, areas where transit supply cannot meet demand hardly occurs, which differs from the cases in American cities where transit deserts are scattered in isolated suburbs [5,7]. For these four cities, Chengdu and Beijing respectively have the smallest and largest transit desert areas. Shanghai has the highest proportion of transit-dependent populations, followed by Beijing, Chengdu, and Wuhan.



For transit supply, transit services are mainly concentrated in the city center of all four cities. The density of transit service decreases as distance from the city center increases, which confirms previous studies [8]. Likewise, in terms of transit demand, areas with higher proportions of transit-dependent populations are concentrated in city centers. However, areas with denser transit service spread more widely than those areas with high transit demand in each city. In Beijing and Chengdu, some areas with a higher level of transit services supplies are separated from the other areas, while in Shanghai and Wuhan, the areas with more transit supplies are clustered together.



There are various causes of transit deserts in these four cities. In Beijing, the subdistricts around Dongzhimen in Dongcheng District are categorized as transit desert areas due to the transit demand far exceeding the transit supply. The high density of both middle schools and job opportunities might explain this finding. There are also transit deserts around Longtan Park in Dongcheng District with transit demand exceeding supply. It may be because of the lack of sidewalks and bike lanes. Like Beijing, Shanghai also has transit desert areas located around urban economic centers, along Baoshan Road across Jingan District and Hongkou District. Insufficient transit service supply might stem from a lack of sidewalks and bike routes. Wuhan has more transit deserts compared to the other cities. In Wuhan, several districts have poor public transit services for transit demand, especially in the south of Jiangxia District. Some of the largest transit gaps in Wuhan are distributed in Jianghan District. Although the area has a concentrated distribution of transit stops and high transit service frequency, transit demand still far exceeds supply owing to large population density, which results in major transit deserts in Wuhan. Dissimilar to the other three cities, transit deserts in Chengdu are mainly a result of the oversized transit-dependent population and inadequate non-motorized roads in historic downtowns. To solve these problems, the city of Chengdu government might consider significantly increasing transportation investment in these areas.



The differences between transit deserts in China and the US might be a result of the distribution of population density, traveling preference, and transportation investment policies. High population density promotes the development of public transportation in Chinese cities. The residents in these four cities rely more on the public transit systems than the people in American cities. Unlike China, most people in American cities have a preference to commute by private automobiles due to the sprawling development patterns [25,26,27]. Moreover, in recent years, increasing investments in highways and major expressways conducive to facilitating agglomeration economies along corridors connecting nodes has contributed to fewer resources being spent on public transit between the areas with low population density where low-income families mainly resided [28,29]. In view of fiscal costs and profits, transit systems often only operate around downtown and connect outskirts to the city center where the majority of people travel between. Therefore, transit supply has a higher likelihood of satisfying demand in downtown areas of American cities, with transit deserts often found in newly developed suburban areas. This is very different from Chinese cities. Due to the rapid urbanization in the past several decades, the population has sharply expanded across the entire urban area. Urban transit systems in these four major Chinese cities have undergone rapid development in accordance with dispersed populations [14]. Transit systems have expanded to cover both the city center and most suburban areas, providing residents in various areas with more mobility options and better transit accessibility. People are prone to depend on public transportation because of its cost compared to personal automobile usage as well as its convenience and safety. It seems that transportation equity in Chinese cities is better than in American cities. However, since a large amount of the population in Chinese cities lives inside or nearby downtown areas, high transit demand has created many transit deserts near downtown. Transit deserts in both American and Chinese cities do share some common characteristics. For example, an oversized population and old transit system in central historic downtowns often create transit deserts. Therefore, to remove transit deserts, it is necessary to improve transportation investments in these areas, requiring joint efforts from both local governments and public transportation operators.



The research has some limitations. The authors mainly used open-source data from different sources to calculate transit demand and supply, which may create unintentional errors. Official data from governments might solve this problem for future research. Further, the methodology used in this study did not consider the interaction between the built environment and transit services supply, such as the space quality near transit systems, traffic congestion, and vehicle exhaust, which may have significant effects on people’s feelings and health. The next step of the research could investigate the relationship between transit systems and other urban land uses, considering transportation equity and sustainability.




5. Conclusions


This paper demonstrates a quantitative method to identify transit demand, transit supply, and transit gaps in four major Chinese cities. The results show that transit deserts in Chinese cities are mainly concentrated in the city center, which is very different from cases in American cities where transit deserts are scattered in isolated suburbs. Shanghai has the largest transit-dependent population living in transit deserts (almost 8 million), followed by Beijing, Chengdu, and Wuhan. Chengdu has the smallest transit desert area (about 37 km2), followed by Shanghai, Wuhan, and Beijing. As for the causes of transit deserts, there is no totally identical reason that applies to all four cities. However, either the oversized transit-dependent populations or insufficient transit services supply contribute to the occurance of transit deserts. The differences between transit deserts in Chinese and American cities could be explained by the varying distribution of population density, traveling preference, and transportation investment policy. Most people in American cities rely on private automobiles for mobility demand. Governments only provide enough transit service for people around downtown and corridors between downtown areas and suburban areas. Therefore, transit deserts often occur in newly developed suburbs or historic downtowns with relatively poor public transit. Conversely, residents of large Chinese cities rely on public transit for mobility demand. Local governments have developed extensive and increasingly mature public transit even in suburban areas. Thus, suburban Chinese residents may have better accessibility via public transit than residents in American cities. However, due to the oversized transit demands within urban centers or the regions adjacent to, but out of, urban centers, we often find transit deserts in these areas. This research introduces the transit deserts concept to China and helps us further understand the state of transit supply, demand, and gaps in major Chinese cities.







Author Contributions


Conceptualization, Junfeng Jiao and Mingming Cai; data curation, Mingming Cai; formal analysis, Mingming Cai; funding acquisition, Junfeng Jiao; investigation, Mingming Cai; methodology, Mingming Cai; project administration, Junfeng Jiao; resources, Mingming Cai; software, Mingming Cai; supervision, Junfeng Jiao; validation, Junfeng Jiao; visualization, Mingming Cai; writing—original draft, Mingming Cai; writing—review and editing, Junfeng Jiao All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The research is supported by the consortium of Cooperative Mobility for Competitive Megaregions (CM2) at the University of Texas at Austin.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Neil, W.; Daniel, W.; Barrie, M.; Amanda, W. Assessing the impact of improved retail access in a “food desert”: A preliminary report. Urban Stud. 2002, 39, 2061–2082. [Google Scholar]

	



Junfeng, J.; Anne, V.M.; Jared, U.; Philip, M.H.; Adam, D. How to identify food deserts: Measuring physical and economic access to supermarkets in King County. WA. Am. J. Public Health 2012, 102, 32–39. [Google Scholar]

	



Jiao, J.; Dillivan, M. Transit Deserts: The gap between demand and supply. J. Public Transp. 2013, 16, 23–39. [Google Scholar] [CrossRef]

	



Balsa-Barreiro, J.; Ambuuhl, L.; Menendez, M.; Pentland, A. Mapping Time-Varying Accessibility and Territorial Cohesion With Time-Distorted Maps. IEEE Access 2019, 7, 41702–41714. [Google Scholar] [CrossRef]

	



Grengs, J. Does public transit counteract the segregation of carless households? Transp. Res. Rec. 2001, 1753, 3–10. [Google Scholar] [CrossRef]

	



Jiao, J. Identifying transit deserts in major Texas cities where the supplies missed the demands. J. Transp. Land Use 2017, 10, 529–540. [Google Scholar] [CrossRef]

	



Daganzo, C.F. Structure of competitive transit networks. Transp. Res. Part B Methodol. 2010, 44, 434–446. [Google Scholar] [CrossRef]

	



Transit Deserts in Cook County. Available online: https://www.cnt.org/sites/default/files/publications/CNT_TransitDesertsCookCounty_0.pdf (accessed on July 2014).

	



People Are Stranded in ‘Transit Deserts’ in Dozens of US Cities. Available online: theconversation.com/people-are-stranded-in-transit-deserts-in-dozens-of-us-cities-92722/?xid=PS_smithsonian (accessed on 13 March 2018).

	



Wu, F. Changes in the structure of public housing provision in urban China. Urban Stud. 1996, 33, 1601–1627. [Google Scholar] [CrossRef]

	



Zhou, Y.; Ma, L.J. Economic restructuring and suburbanization in China. Urban Geogr. 2000, 21, 205–236. [Google Scholar] [CrossRef]

	



Balsa-Barreiro, J.; Li, Y.; Morales, A.; Pentland, A. Globalization and the shifting centers of gravity of world’s human dynamics: Implications for sustainability. J. Clean. Prod. 2019, 239, 1–17. [Google Scholar] [CrossRef]

	



Long, F.; Zheng, L.; Song, Z. High-speed rail and urban expansion: An empirical study using a time series of nighttime light satellite data in China. J. Transport Geogr. 2018, 72, 106–118. [Google Scholar] [CrossRef]

	



Hao, L.; Wang, X.; Qiao, W.; Zhang, L. The characteristics of urban spatial expansion in Nanjing since 1936. Geogr. Res. 2019, 38, 911–925. [Google Scholar]

	



Wang, L.; Jiang, Y.; Li, Z. The walkability assessment of Lishan road: A case study in Jinan, China. Appl. Mech. Mater. 2012, 178, 1838–1841. [Google Scholar] [CrossRef]

	



Sun, Z.; Bell, S.; Scott, L. How Does Street Vending Contribute to Walkability? A report on a study in Yuncheng, China. Asia-Pac. Int. Conf. Environ.-Behav. Stud. 2016, 1, 203–213. [Google Scholar] [CrossRef]

	



Gu, P.; Han, Z.; Cao, Z. Using Open Source Data to Measure Street Walkability and Bikeability in China: A Case of Four Cities. Transp. Res. Rec. 2018, 2672, 1–13. [Google Scholar] [CrossRef]

	



Research Report on Urban Commuting in China in 2018. Available online: https://www.jiguang.cn/reports/305 (accessed on 1 June 2018).

	



LandScan 2017™ Dataset. Available online: https://landscan.ornl.gov/downloads/2017 (accessed on 1 July 2017).

	



Chinese Statistical Yearbook 2018. Available online: www.stats.gov.cn/tjsj/ndsj/2018/indexch.htm (accessed on June 2019).

	



Steiss, T. Calculating/Analyzing Transit Dependent Populations Using 2000 Census Data and GIS; Census Transportation Planning Package 2000 Status Report; U.S. Department of Transportation: Washington, DC, USA, 2006.

	



Estupiñán, N.; Rodríguez, D.A. The relationship between urban form and station boardings for Bogota’s BRT. Transp. Res. Part A Policy Pract. 2008, 42, 296–306. [Google Scholar] [CrossRef]

	



Pucher, J.; Buehler, R. Integrating bicycling and public transport in North America. J. Public Transp. 2006, 12, 79–104. [Google Scholar] [CrossRef]

	



Hulchanski, J.D.; Bourne, L.S.; Egan, R. The Three Cities within Toronto: Income Polarization among Toronto’s Neighbourhoods, 1970–2000; Cities Centre, University of Toronto: Toronto, ON, Canada, 2010. [Google Scholar]

	



Burchell, R.W.; Lowenstein, G.; Dolphin, W.R. Costs of Sprawl 2000; TCRP Report 74, Transit Cooperative Research Program; Transportation Research Board: Washington, DC, USA, 2002. [Google Scholar]

	



Handy, S.; Cao, X.; Mokhtarian, P. Correlation or causality between the built environment and travel behavior? Evidence from Northern California. Transp. Res. Part D 2005, 10, 427–444. [Google Scholar] [CrossRef]

	



Kotval, K.Z. Transit accessibility for older adults in the Greater Lansing, Michigan region. Qual. Ageing Older Adults 2017, 18, 175–187. [Google Scholar] [CrossRef]

	



Ewing, R. Highway-Induced Development: Results for Metropolitan Areas. Transp. Res. Rec. 2008, 2067, 101–109. [Google Scholar] [CrossRef]

	



Nelson, A.C. Reshaping Metropolitan America: Development Trends and Opportunities to 2030; Island Press: Washington, DC, USA, 2013. [Google Scholar]








[image: Ijgi 09 00100 g001 550] 





Figure 1. The study areas: (a) map of China; (b) map of Beijing, China; (c) map of Shanghai, China; (d) map of Wuhan, China; (e) map of Chengdu, China. The shaded area refers to the central urban areas of each city. 
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Figure 2. Transit gaps between supplies and demands in Beijing and Shanghai: (a) transit demands in Beijing; (b) transit supplies in Beijing; (c) transit gaps in Beijing; (d) transit demands in Shanghai; (e) transit supplies in Shanghai; (f) transit gaps in Shanghai. 
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Figure 3. Transit gaps between supplies and demands in Wuhan and Chengdu: (a) transit demands in Wuhan; (b) transit supplies in Wuhan; (c) transit gaps in Wuhan; (d) transit demands in Chengdu; (e) transit supplies in Chengdu; (f) transit gaps in Chengdu. 
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Table 1. Characteristics of transit and built environment in Chinese metropolitan cities.
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	Criteria
	Beijing
	Shanghai
	Wuhan
	Chengdu





	Population
	21,707,000
	23,480,000
	10,892,900
	16,044,700



	Transit Dependent Population (TDP)
	10,964,631
	14,560,829
	2,305,414
	5,008,891



	Proportion of TDP
	50.51%
	62.01%
	21.16%
	31.22%



	Size of Transit Deserts (km2)
	109.94
	57.38
	61.49
	36.80



	Percentage of Transit Desert Areas
	0.67%
	1.29%
	0.72%
	0.26%



	TDP Live in Transit Deserts
	1,721,971
	2,836,960
	50,037
	347,032



	Number of Transit Stops
	14,640
	12,557
	6102
	9295



	Density of Transit Stops (numbers/km2)
	0.89
	2.83
	0.71
	0.65



	Number of Transit Routes
	1658 bus lines

10 subway lines
	1313 bus lines

15 boat lines

17 subway lines
	656 bus lines

12 subway lines
	734 bus lines

4 subway lines



	Density of Transit Routes (numbers/km2)
	0.10 bus lines

0.0006 subway lines
	0.30 bus lines

0.0033 boat lines

0.0038 subway lines
	0.08 bus lines

0.0014 subway lines
	0.05 bus lines

0.0003 subway lines



	Number of Transit Trips (24 h, weekday)
	456,783
	681,452
	332,435
	281,610



	Density of Transit Trips (numbers/sq.km.)
	27.92
	153.64
	38.95
	19.75



	Length of Sidewalks (km)
	1398.09
	753.76
	260.01
	475.31



	Density of Sidewalks (km/sq.km.)
	0.086
	0.170
	0.031
	0.033



	Length of Bike Routes (km)
	391.57
	414.30
	148.14
	47.67



	Density of Bike Routes (km/sq.km.)
	0.024
	0.093
	0.017
	0.003



	Length of Low-Speed Roads (km)
	6683.32
	4020.01
	2200.41
	3501.00



	Density of Low-Speed Roads (km/km2)
	0.41
	0.91
	0.26
	0.25



	Intersections
	104,788
	83,822
	32,278
	53,444



	Density of Intersections (numbers/km2)
	6.41
	18.90
	3.78
	3.75



	Urban Area (km2)
	16,359.57
	4435.43
	8535.93
	14,257.49
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Table 2. Characteristics of transit gaps between supply and demand in Chinese metropolitan cities.
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City

	
Largest Transit Gaps

	
Smallest Transit Gaps




	
District

	
Gap

	
District

	
Gap






	
Beijing

	
1. Xiangheyuan

	
−2.76

	
1. Zhanlan Road

	
2.59




	
2. Jiaodaokou

	
−2.66

	
2. Zhongguancun

	
2.24




	
3. Tiyuguan Road

	
−2.59

	
3. Chunshu

	
2.05




	
4. Wanzhuang

	
−2.40

	
4. Dongsi

	
2.01




	
5. Andingmen

	
−2.37

	
5. Baizhifang

	
1.78




	
Shanghai

	
1. Tianmuxi Road

	
−3.57

	
1. Nanjingdong Road

	
3.51




	
2. Sichuanbei Road

	
−3.25

	
2. Lujiaozui

	
1.91




	
3. Beizhan

	
−2.79

	
3. Yuyuan

	
1.90




	
4. Dapuqiao

	
−1.89

	
4. The Bund

	
1.86




	
5. Shimen Second Road

	
−1.69

	
5. Gold Yangxin Village

	
1.54




	
Wuhan

	
1. Minyi Street

	
−7.09

	
1. Minzu Street

	
2.42




	
2. Minquan Street

	
−1.19

	
2. Hualou Street

	
2.03




	
3. Changqian Street

	
−1.02

	
3. Ronghua Street

	
1.98




	
4. Qingchuan Street

	
−0.99

	
4. Zhonghua Road

	
1.90




	
5. Wugang Factory

	
−0.79

	
5. Liangdao Street

	
1.88




	
Chengdu

	
1. Duyuan Street

	
−8.61

	
1. Yanshikou

	
5.58




	
2. Qinglong Street

	
−5.95

	
2. Hejiangting

	
4.31




	
3. Longzhou Road

	
−5.48

	
3. Dongguang

	
3.60




	
4. Shahe Street

	
−2.81

	
4. Wangjiaguai

	
3.33




	
5. Shuanggui Road

	
−2.66

	
5. Shuijingfang

	
2.88
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