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Abstract


Considerable interest has been shown in decreasing car use through planning and policy-making efforts. However, little is known about the interactive effects of built environment (BE) and parking policy on car use, and it is unclear whether and how these effects differ across trip purposes. We conducted a web-based survey in Beijing and collected data from 1036 respondents, including 517 male and 519 female respondents. This study estimates the interactive effects of BE and parking policy on car use for home-based work and non-work trips by employing multilevel logit models. The results show that BE variables at trip origins and destinations are important for shaping car use for both home-based work and non-work trips. Specifically, land use mixture (Coeff. = −0.121), bus stop density (Coeff. = −0.006), and population density (Coeff. = −0.009) at residential locations are negative factors affecting car use for work trips, whereas distance to local center (Coeff. = 0.012) and distance to the city center (Coeff. = 0.019) at residential locations are positive factors. Land use mixture (Coeff. = −0.323), bus stop density (Coeff. = −0.008), road density (Coeff. = −0.002), and population density (Coeff. = −0.007) at residential locations are negative factors of car use for non-work trips. Among BE factors at destinations, land use mixture (Coeff. = −0.319), bus stop density (Coeff. = −0.015), road density (Coeff. = −0.008), distance to the local center (Coeff. = −0.018), and population density (Coeff. = −0.012) are negative factors for car use for work trips, whereas the negative factors for non-work trips are land use mix (Coeff. = −0. 218), bus stop density (Coeff. = −0.038), road density (Coeff. = −0.003), distance to the city center (Coeff. = −0.121), and population density (Coeff. = −0.009). The effects of BE variables can be strengthened or weakened by free parking and parking convenience. Moreover, the results identify significant differences in the effects between work and non-work trips. These findings inform planners and policymakers of how to coordinate the BE and parking policies to decrease car dependence.
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1. Introduction


Car dependence, defined as high levels of car use, has become an obstinate problem plaguing most large cities. Thus, increasing enthusiasm for exploring the factors affecting car dependence can be found in the literature [1,2]. Aiming to decrease car dependence, many policies have been suggested from different perspectives. As two major strategies, built environment (BE) planning and transport policy have received extensive research attention [3,4,5]. Regarding BE strategies, most prior BE-travel studies have demonstrated that planning efforts in the BE (i.e., densification and mixed development) are an effective way to affect car dependence [6,7]. Meanwhile, as a common travel demand management strategy, parking policies are also significant in affecting car-related outcomes, such as car ownership [8], mode choice [4], and kilometers traveled in a vehicle [9], which have been extensively observed in prior studies. However, most prior studies are conducted in developed countries where most research observes a decreasing trend in car use [10,11]. The findings from developed countries may not be generalized to developing countries, owing to the different travel habits in these countries. In particular, the levels of car use are still rapidly increasing in many developing countries [12,13,14]. Thus, it is of great significance to study how the BE and parking policies affect car use in the context of developing countries as these countries likely contribute to most of the increase in global car dependence. As one of the largest cities in China, Beijing has experienced rapid urbanization and invested heavily in building public transit systems and green transport systems. Meanwhile, Beijing also promotes some restriction strategies to reduce car use. These characteristics make Beijing a unique context to explore the connection between the BE, parking policy, and car use. Exploring the connection in the context in Beijing may have some implications for similar large cities in developing countries.



Two key research gaps in prior studies have been identified. First, although considerable attention has been paid to reducing car use regarding the BE and transport policy, most prior studies focus on how two strategies affect car use in their own right rather than exploring their interactive effects. In reality, the BE and transport policy may exhibit interactive effects on car use besides their independent effects and integrating them may reduce car use more effectively [15]. However, only a few studies have provided limited evidence on the potential benefits of combining BE and transport policies [5,16], among which pricing policies (e.g., gasoline prices and subsidy policy) are the main option explored. Thus, the literature calls for efforts to disentangle the interactive effects of the BE and parking policy. This serves as the first gap in the literature that motivates this analysis. Second, the BE–travel literature presents mixed relationships. Although most empirical studies claim that promoting BE planning strategies reduces car dependence, some researchers found no or limited effects of BE on travel behavior [17]. The debate may come from the different treatments of different trip purposes to some extent [18]. However, it remains unclear whether and how the effects of BE and parking policy on car use differ between work and non-work trips. Disentangling the differences is of great importance to implementing targeted BE planning and transport policies in different spatial areas. This serves as the second gap in the literature that motivates this analysis.



To bridge these gaps, this study estimates the interactive effects of BE and parking policy on car use for home-based work and non-work trips by employing multilevel logit models. It contributes to existing studies by (1) exploring the interactive effects of BE and parking policy on car use, and (2) addressing whether the effects of BE and parking policy on car use differ between work and non-work trips.



This study is organized as follows. Section 2 briefly reviews relevant research. Section 3 presents the survey design, data, and methods, followed by the model results in Section 4. Section 5 discusses the key findings of this study. The final section presents the conclusions.




2. Literature Review


A significant amount of research has analyzed the connection between the BE and travel [19,20,21]. In the BE–travel literature, many efforts have been devoted to identifying their connection with a central focus on the characteristics of the residential BE [22,23,24,25]. Most researchers have found that decreasing car use through planning efforts in residential areas, such as promoting higher density, more balanced land use, and better connectivity, is effective. In addition, some subsequent studies have found that the BE at trip destinations also shapes travel-related choices [26,27,28,29]. For example, Wang et al. developed a cross-classified model and identified the factors affecting commuting mode choice [13]. They found that the BE variables at both residences and workplaces played an important role. Dalton et al. also found that workplace BE variables affect commuting mode choice [26]. In particular, some researchers found that the BE at trip destinations has a greater effect on travel behavior than that at trip origins. For example, Zhang identified the factors affecting travel mode choice in non-work trips based on survey data from Boston [29]. The results confirm the important role of BE variables at trip destinations while showing that the effects of BE variables at trip origins are not significant. These studies suggest the necessity of considering the effects of the BE at both trip origins and destinations as focusing on residential BE may only tell part of the story.



The debate on the BE–travel relationships has reached little consensus in empirical studies [23]. For example, some researchers found that the density and mixture of land use are negative factors affecting car use [2,4]. By contrast, other researchers found that these factors increase destination accessibility and reduce travel costs, and thus create a higher total driving distance [30]. Many factors (e.g., various research contexts and spatial scales) may contribute to the debate, and different trip purposes may be the main one [31]. It is widely believed that travel mode options and spatiotemporal constraints are the main factors affecting travel behavior. Moreover, their relative contributions to travel behavior are, to a large extent, determined by trip purposes [32]. Trip purposes can be classified in different ways, and one common classification method is classifying daily travels into two major categories: work and non-work trips. Work trips normally occur at fixed locations during fixed periods of time while people can flexibly choose when, where, and how to carry out non-work trips [33]. However, little is known about the effects of the BE at trip origins and destinations on car use across different trip purposes. Understanding the differentiated effects of the BE on travel behavior between work and non-work trips is essential for planning strategies.



Apart from the BE in different spatial areas, the parking policy is also a determinant of travel behavior [3,34,35]. Although studies on parking policy and travel behavior came much later than those on BE and travel behavior, researchers have paid attention to various parking policies such as pricing policy [1], supply policy [34], and employer-based parking management strategies [36]. The literature suggests that a parking-restraint policy is effective for reducing car use. For example, Guo found that convenient home parking increased the probability of driving [8]. Similarly, Weinberger found that people had a higher probability of driving to work when home parking is guaranteed [35]. Some researchers have also considered the joint effects of the BE and parking policy on travel behavior. For example, Maat and Timmermans confirmed the importance of residential and workplace parking in affecting car use for work trips, in addition to the BE at the two locations [37]. Christiansen et al. explored both the BE and parking policies, and found that limiting free parking was the most effective strategy for reducing car use [3]. However, prior studies on their joint effects mainly explored their independent effects. Although the BE and transport policies may have interactive effects on travel behavior [15], limited evidence can be found in existing studies. Based on data from Portland, Guo disentangled the interactive effects of congestion pricing and the BE on miles traveled and found that the effect of congestion pricing varied across different areas [8]. Based on a multinomial logit model, Zhang and Zhang explored the interactive effects of congestion pricing and the BE on travel mode choice in non-work trips [5]. The findings show that a higher sidewalk density can strengthen the negative effect of pricing policy on driving. As parking policy is an important solution to decrease car dependence, the literature calls for additional studies to examine the interactive effects of the BE and parking policies.



In summary, although many researchers have identified and quantified effects the of BE and parking policies on car dependence, most prior studies explore their independent effects and neglect their interactive effects. Moreover, it remains unknown whether the effects differ between work and non-work trips. Disentangling the differentiated effects of the BE and parking policy on car use across trip purposes help promote targeted planning and management strategies. This study addresses the gaps by exploring the interactive effects of BE and parking policy on car use, and disentangling whether and how the effects differ between work and non-work trips.




3. Methodology


3.1. Data


This study used a travel survey administered in Beijing from September 2018 to February 2019. Beijing had a population of 21.9 million in 2019. The survey covered 16 districts in Beijing. As shown in Figure 1, the districts were commonly divided into 3 categories [38]: central urban districts, suburban districts, and outer suburb districts. Based on a stratified random sampling method, the respondents were randomly interviewed in light of the proportion of the population in each category compared to the total population of district. The data were collected through structured questionnaires conducted by a major Chinese Internet survey company. After pre-treatment and cleaning, 1036 valid questionnaires were used for this analysis. In terms of gender and residences, the sample distribution is in line with the whole population in Beijing city (Table 1).



In the survey, respondents were asked to report their common commuting modes. 28.96% of the respondents commuted by car. Meanwhile, the respondents also reported their main home-based non-work activity space and how they usually got there from home. The proportion of respondents who drove in the sample was 44.02%.



Table 2 presents the individual attributes and residential BE variables of the respondents. The sample was balanced according to gender. The average age was 33.87 years old and 78% of them held a college diploma. The average household size was 2.89. 42% and 41% of respondents had a primary school student or an elderly dependent who was more than sixty years old in their household, respectively. In total, 72% of the respondents owned at least one car. The average number of driving licenses in the household was 1.98 in the sample.



The BE is measured by the “5Ds”, namely, density, diversity, design, destination accessibility, and distance to transit. The “5Ds” are one of the most commonly used measurements of BE in the literature [5,22]. BE variables are obtained from multiple sources. Respondents reported the locations of their residences. Distance to local center measures the Euclidean distance between the residence and central business district in the administrative district, which was calculated using Baidu Maps. Distance to city center represents the Euclidean distance between the residence and Tiananmen, which was also calculated using Baidu Maps. Population density was extracted from the LandScan population dataset, which is offered by Oak Ridge National Laboratories. In the dataset, Beijing is divided into grids and the developers provide the population density in each grid. The three other BE variables were measured using 1 km buffers. The number of bus stops was extracted from https://www.amap.com/, accessed on 5 October 2024 (a major provider for navigation and location services in China). Road lengths with buffers were extracted from an open access street map. Eight categories of points of interest (POIs), including parks, firms, hotels, restaurants, schools, hospitals, banks and government organizations, which were extracted from https://www.amap.com/, were used to calculate the land use mixture as follows:


  E =    −   ∑  i = 1  s    p i  ln (  p i  )     ln s     



(1)




where    p i    represents the proportion of the i th category of POIs in the buffer. s represents the number of categories of POIs.



The respondents reported the locations of their workplaces and main non-work activity space. According to the workplace and main non-work activity locations, the BE variables at the two locations were derived using the same method used for the residential BE variables. Parking-related variables included free parking and parking convenience. In the survey, respondents were asked to report whether free parking is provided at trip destinations. Respondents also reported how difficult it was to find parking space at trip destinations with a five-point scale. We examine the differences in the BE and parking-related variables at the trip destinations for work and non-work trips, as shown in Table 3.




3.2. Method


Multilevel logit models were applied as the modeling method. The multilevel modeling framework is effective in addressing spatial heterogeneities [13]. Thus, a multilevel logit model was found to be a meaningful method of analysis owing to its nested structure, organized as follows: people living in the same administrative region tend to have similar characteristics caused by unobserved factors. Two multilevel logit models were employed to disentangle the interactive effects of BE and parking policy on car use for work and non-work trips separately. The interaction terms between BE variables and parking-related variables at the trip destinations were included to disentangle their interactive effects on car use. The model specification is as follows:


       logit (  y  i j   )  =  ω j  +  β  S E    X  i j   S E   +  β  R B E    X  i j   R B E   +  β  D B E    X  i j   D B E   +  β  P P    X  i j   P P   +  β  I n t e r a c t i o n   (  X  i j   P P   ∗  X  i j   D B E   ) +  e  i j          ω j  = ω +  μ j       



(2)




where    y  i j     is a binary variable representing whether individual  i  who live in district  j  drives or not;    ω j    and  ω  are the intercepts at the individual and district levels, respectively;    X  i j   S E     is individual characteristics associated with individual  i ;    X  i j   R B E     and    X  i j   D B E     are BE variables at trip origins and destinations, respectively;    X  i j   P P     is parking-related variables at trip destinations;    X  i j   P P   ∗  X  i j   D B E     is the interaction term between parking-related variables and BE variables at trip destinations;    β  S E    ,    β  R B E    ,    β  D B E    ,    β  P P    , and    β  I n t e r a c t i o n     are the corresponding parameters; and    e  i j     and    μ j    are random terms at individual and district levels, respectively.





4. Results


4.1. Direct Effects


The effects of exogenous variables on car use for work and non-work trips are shown in Table 4. The results suggest that there are differences in the effects of BE and parking-related variables on car use for different trip purposes.



Most individual attributes show the same significance in their effects on car use for different trip purposes, except for education, household size, and number of driver licenses. Specifically, income, number of children, and car ownership significantly increase driving for both work and non-work trips. These findings are in line with existing studies [18]. Education is a positive factor affecting car commuting, whereas its effect on car use for non-work trips is not significant. Having a bigger household size or more driving licenses is only associated with a higher probability of driving for non-work trips.



Regarding the residential BE, most features, excluding road density, have significant effects on the probability of driving for both work and non-work trips. Specifically, land use mixture and bus stop density can deter driving. The probability of driving for both purposes increases with the location of respondents’ residences relative to local centers. A higher population density lowers the probability of driving. This result is intuitive as denser areas can provide more travel options [39]. Road density is a negative factor affecting car use for non-work trips. Distance to city center has a greater effect on car use for work trips than non-work trips. Meanwhile, distance to local center only has a significant effect on car use for non-work trips.



Among the BE variables at destinations, land use mixture, bus stop density, road density, and population density are significantly negative factors affecting car use for work and non-work trips. These findings largely agree with existing studies [40,41]. It is interesting to note that distance to city center is a significantly negative factor affecting car use for work trips, whereas its effect is not significant for non-work trips. By contrast, distance to local center is only a significantly positive factor affecting car use for non-work trips. The differentiated effects of the two distances on the probability of driving can be explained by the different roles that they play in affecting daily activities. Work opportunities mainly concentrate around the urban center [13]. Thus, people who work farther from the city center may have a shorter commuting distance, and thus have a lower probability of driving to work. Accordingly, it is widely believed that the city center serves people in the entire city while local centers serve people within their own market [4]. In other words, people’s main activity space tends to be located within their living districts.



For parking-related variables, parking convenience has a significantly negative effect on car use for both work and non-work trips. The results suggest that people have a lower probability of driving when the amount of parking space is sufficient. This finding is consistent with most prior research [3]. Free parking only has a significantly positive effect on car use for work trips.




4.2. Interactive Effects


Table 4 shows the interactive effects of parking-related variables and the BE at destinations. The results suggest that the relationship between the BE at destinations and driving can be moderated by the provision of free parking. Moreover, free parking has greater moderating effects on car use for work trips than non-work trips. Specifically, the interaction between free parking and land use mixture is statistically significant in both work and non-work trips, suggesting that the negative effect of land use mixture is weakened when free parking is provided. Similarly, the effect of population density is also weakened by the provision of free parking in both work and non-work trips. Free parking strengthens the effect of road density in work trips and their interactive effect on non-work trips is not significant. Free parking weakens the effect of bus stop density on work trips and their interactive effect on non-work trips is not significant.



As for the terms of the interaction between parking convenience and the BE at destinations, parking convenience has greater moderating effects on the link between the BE and car use for non-work trips. Specifically, parking convenience significantly moderates the effects of land use mixture and road density on car use for both work and non-work trips. Convenient parking weakens the effect of land use mixture, whereas it strengthens the effect of road density. Parking convenience only weakens the effects of bus stop density and distance to local center on car use for non-work trips.





5. Discussion


This paper studies the effects of the BE and parking policy on car use and examines the differences in the effects between home-based work and non-work trips. It contributes to the literature by (1) analyzing the joint effects of parking policy and BE on car use within a unified framework; (2) examining how parking policy affects the effects of BE on car use; and (3) exploring whether the above effects differ between work and non-work trips. Some key themes with planning implications are discussed in this section.



Although the effects of most BE variables on car use are broadly consistent with the findings from research conducted elsewhere [24,31,42], differences in the effects between the two types of trips are observed in this study. Among residential BE variables, the differences suggest that commuters are more affected by their distance to the city center while the probability of driving for non-work trips is only significantly affected by the variable of road density. Regarding BE variables at destinations, distance to city center is a significant factor of car use for work trips while its effect on car use for non-work trips is not significant. By contrast, distance to local center only affects car use for non-work trips. These differences highlight the importance of allocating planning efforts in accordance with local land use characteristics because the one-size-fits-all development strategy may not be a solution.



Our findings supply new evidence on coordinating BE planning and parking policy to decrease car use by exploring their interactive effects. Parking-related variables have significant effects on the probability of driving. In line with existing studies [3], parking convenience and free parking at workplaces are both predictors of car use for work trips. In those areas where non-work activities are concentrated, parking restrictions may be more effective in decreasing the probability of driving than a parking pricing policy. This result is inconsistent with prior studies conducted elsewhere [5]; for example, it was found that the pricing policy plays an essential role in affecting non-work travel in Austin. A potential explanation is that the parking difficulty is a more severe problem in Chinese megacities [43]. Beyond the independent effects, parking-related variables also strengthen or weaken the effects of BE variables at destinations on the probability of driving. For example, free parking weakens the effects of land use mixture and population density, and parking convenience strengthens the effects of road density. These findings enrich the empirical studies on coordinating land use planning and pricing policy [16,44].



This study provides some policy implications. First, this study provides support for polycentric development strategies. The findings suggest that distance from residences to local centers only affects car use for non-work trips. Meanwhile, the effect of distance from residences to the city center on car use for work trips is greater, although its effect is statistically significant in both categories of trips. These results are in line with Ding et al.’s findings [1]: distance to city center has a greater effect on car use on weekdays while distance to local center is a more important factor of car use on weekends. In addition, the effect of distance from trip destinations to the city center is only statistically significant in work trips, whereas distance from trip destinations to local centers only has a significantly positive effect on car use for non-work trips. These findings suggest that people’s commuting travel is more associated with the locations of their residences and workplaces relative to the city center while their main activity space is usually located within their living districts. The differentiated effects provide supportive evidence for the Central Place Theory: the city center serves people in the entire city while sub-centers serve people within their own market. These findings highlight the opportunities for polycentric development. Strong local centers can provide more employment opportunities for local residents and reduce work trips across regions [31]. Second, it is widely believed that a more mixed land use can meet people’s diverse needs for daily activities, and thus reduce car use [25]. Thus, many researchers have treated mixed development as one of the most essential elements of sustainable land use [45]. In this regard, many cities are making effort to increase land use mixture, such as creating 15 min walkable neighborhoods. The findings of this study provide support for these contemporary trends in sustainable urban development.



This study has several limitations. Aiming to compare the differences in the effects of the BE between work and non-work trips, we did not consider the moderating effects of different non-work trip purposes owing to data limitations. As available choice sets and spatiotemporal constraints in different non-work trips vary across activity types to some extent [32], it is necessary to address the moderating effects of different non-work trip purposes on the link between the BE and car use in future work. Second, season and climate may affect the results. In Beijing in particular, the winter is cold which may deter people from using active modes of transport, which is not controlled for in this study. Third, only data from Beijing are used for this study. The findings are difficult to be generalized to different contexts. More data across different contexts are needed for further analyses. Fourth, although a stratified random sampling method is employed to enhance the robustness of the survey sample, certain factors like household income, car ownership, and education level may still interfere with the results. However, these factors were not controlled in the survey. Finally, the findings indicate that BE strategies can be more effective if supportive transport policies are provided. Thus, a “carrot” and “stick” model may help reduce car use and mitigate traffic congestion. However, little is known about the interactive effects of the BE and other transport policies, such as pricing policies. Future studies should focus more on these interactive effects.




6. Conclusions


This research disentangles the interactive effects of BE and parking policy on car use. It is devoted to contributing to the literature by identifying whether parking-related variables affect the effects of BE and how their effects differ between work and non-work trips. The results suggest that the BE variables at trip origins and destinations have significant effects on car use, and parking policy can moderate the effects. Moreover, the direct and moderating effects differ between work and non-work trips. Specifically, people have a lower probability of driving if they live in areas with a more balanced land use and a higher bus stop density, which are closer to local centers, and have a higher population density. Most BE variables at trip destinations, excluding distance to the city center and local centers, are significant factors affecting car use. Specifically, land use mixture, bus stop density, road density, and population density are negative factors. Thus, mixed development, promoting bus coverage rates, and designing low-density neighborhoods are potential ways to reduce car use. The provision of free parking increases car use for work trips, whereas convenient parking increases car use for both work and non-work trips.



Moreover, the provision of free parking at trip destinations weakens the effects of most BE variables and only strengthens the effects of road density on work trips. Specifically, its interactions with land use mixture, bus stop density, and population density are significantly positive while its interaction with road density is significantly negative. By contrast, free parking only weakens the effectiveness of mixed development and high-density strategies in decreasing car use for non-work trips. Thus, it is essential to combine parking pricing policies and BE planning to reduce car use. Limiting parking space can strengthen the effectiveness of mixed development for decreasing car use for work trips, whereas it strengthens the effectiveness of mixed development strategies and promotes bus coverage rates in decreasing car use for non-work trips. The results indicate that combining mixed development and limiting parking space can further reduce car use. Meanwhile, it is also an effective way to reduce car use for non-work trips by limiting parking space and increasing the bus coverage rates around popular trip destinations, such as entertainment facilities. These findings suggest that BE planning is more effective if supportive parking policies are provided.
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Figure 1. Beijing map. 
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Table 1. Sample distribution.






Table 1. Sample distribution.





	
Factor

	
Level

	
The Census of Beijing

	
The Sample




	
N (Ten Thousand Persons)

	
%

	
N (Person)

	
%






	
Gender

	
Male

	
1107.4

	
51.02%

	
517

	
49.90%




	
Female

	
1063.3

	
48.98%

	
519

	
50.10%




	
Sum

	
2170.7

	
100.00%

	
1036

	
100.00%




	
Residential distribution

	
Central urban district

	
207.1

	
9.54%

	
105

	
10.14%




	
Suburban districts

	
1001.7

	
46.15%

	
451

	
43.53%




	
Outer suburb district

	
961.9

	
44.31%

	
480

	
46.33%




	
Sum

	
2170.7

	
100.00%

	
1036

	
100.00%











 





Table 2. Statistical characteristics of independent variables.






Table 2. Statistical characteristics of independent variables.





	
Indicator

	
Definition

	
Mean

	
St. Dev.






	
Socio-Economic Attributes




	
Gender

	
1: men; 0: otherwise

	
0.50

	
0.50




	
Age

	
Years old

	
33.87

	
9.50




	
Income

	
Personal monthly income: 1 = below 3000 RMB; 2 = between 3001 and 4500 RMB; 3 = between 4501 and 6000 RMB; 4 = between 6001 and 8000 RMB; 5 = between 8001 and 10,000 RMB; 6 = between 10,001 and 15,000 RMB; 7 = higher than 15,000

	
4.31

	
1.83




	
Education

	
1: have a college diploma; 0: otherwise

	
0.78

	
0.41




	
Household size

	
Number of family members

	
2.89

	
1.33




	
Child

	
1: have primary school students; 0: otherwise

	
0.42

	
0.60




	
Elderly

	
1: have elderly more than sixty years old; 0: otherwise

	
0.41

	
0.77




	
Car ownership

	
1: have a car; 0: otherwise

	
0.72

	
0.45




	
Number of driver licenses

	
Number of driving licenses in the household

	
1.98

	
0.91




	
Residential built environment variables




	
Land use mixture

	
An entropy measurement using different POIs

	
0.58

	
0.16




	
Bus stop density

	
Number of bus stops in the buffer (/km2)

	
12.34

	
8.23




	
Road density

	
Road lengths in the buffer (km/km2)

	
46.17

	
54.25




	
Distance to local center

	
Distance from home to local center in the administrative district (km)

	
6.63

	
6.81




	
Distance to city center

	
Distance from home to city center (km)

	
22.73

	
19.01




	
Population density

	
Population size/neighborhood area (thousand persons/km2)

	
36.04

	
28.87








Note: city center represents Tiananmen; local center represents the central business district in the administrative district.













 





Table 3. BE and parking-related variables at destinations.
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Indicator

	
Definition

	
Work Destination

Mean (St. Dev.)

	
Non-Work Destination

Mean (St. Dev.)

	
p-Value (Diff.)






	
Built Environment Variables

	

	

	




	
Land use mixture

	
An entropy measurement using different POIs

	
0.55 (0.18)

	
0.58 (0.17)

	
0.000




	
Bus stop density

	
Number of bus stops in the buffer (/km2)

	
12.10 (7.65)

	
13.17 (8.33)

	
0.358




	
Road density

	
Road lengths in the buffer (km/km2)

	
51.77 (42.79)

	
48.34 (35.24)

	
0.013




	
Distance to local center

	
Distance from trip destinations to local center in the administrative district (km)

	
17.51 (18.77)

	
21.44 (23.17)

	
0.017




	
Distance to city center

	
Distance from trip destinations to city center (km)

	
13.54 (14.86)

	
7.06 (10.57)

	
0.000




	
Population density

	
Population size/neighborhood area in the grid around trip destinations (thousand persons/km2)

	
43.07 (30.97)

	
41.51 (30.44)

	
0.081




	
Parking-related variables




	
Free parking

	
1: free parking is provided; 0: otherwise

	
0.46 (0.50)

	
0.61 (0.49)

	
0.000




	
Parking convenience

	
Five-point scale from 1 = very difficult to find parking space to 5 = very easy to find parking space

	
2.17 (1.13)

	
2.03 (1.07)

	
0.013











 





Table 4. Effects of exogenous variables on driving.
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Work Trips

	
Non-Work Trips




	
Variables

	
Coef.

	
S.E.

	
Coef.

	
S.E.






	
Individual Attributes




	
Gender

	
0.139

	
0.163

	
0.119

	
0.158




	
Age

	
0.013

	
0.009

	
0.003

	
0.008




	
Income

	
0.230 **

	
0.055

	
0.225 **

	
0.052




	
Education

	
0.105 *

	
0.055

	
0.091

	
0.211




	
Household size

	
0.059

	
0.099

	
0.015 **

	
0.003




	
Child

	
0.104 **

	
0.042

	
0.111 **

	
0.041




	
Elderly

	
−0.056

	
0.036

	
−0.034

	
0.126




	
Car ownership

	
0.512 **

	
0.000

	
0.721 **

	
0.091




	
Number of driver licenses

	
0.043

	
0.035

	
0.064 **

	
0.025




	
Residential built environment

	

	

	

	




	
Land use mixture

	
−0.121 **

	
0.031

	
−0.323 **

	
0.162




	
Bus stop density

	
−0.006 *

	
0.004

	
−0.008 **

	
0.004




	
Road density

	
−0.003

	
0.003

	
−0.002 *

	
0.001




	
Distance to local center

	
0.012 *

	
0.007

	
0.023 **

	
0.011




	
Distance to city center

	
0.019 **

	
0.004

	
−0.014

	
0.067




	
Population density

	
−0.009 *

	
0.005

	
−0.007 **

	
0.002




	
Built environment at destinations




	
Land use mixture

	
−0.319 **

	
0.150

	
−0.218 **

	
0.074




	
Bus stop density

	
−0.015 *

	
0.008

	
−0.038 **

	
0.011




	
Road density

	
−0.008 *

	
0.005

	
−0.003 *

	
0.002




	
Distance to local center

	
−0.018 **

	
0.004

	
0.006

	
0.007




	
Distance to city center

	
0.011

	
0.008

	
−0.121 **

	
0.061




	
Population density

	
−0.012 **

	
0.003

	
−0.009 **

	
0.004




	
Parking-related variables




	
Free parking

	
0.278 **

	
0.083

	
0.056

	
0.171




	
Parking convenience

	
0.017 *

	
0.009

	
0.270 **

	
0.083




	
Interaction (parking-related variables and built environment at trip destinations)




	
Free parking * Land use mixture

	
0.011 *

	
0.003

	
0.035 **

	
0.010




	
Free parking * Bus stop density

	
0.021 **

	
0.006

	
0.017

	
0.037




	
Free parking * Road density

	
−0.005 **

	
0.001

	
−0.003

	
0.009




	
Free parking * Distance to local center

	
0.005

	
0.008

	
−0.023

	
0.071




	
Free parking * Distance to city center

	
−0.004

	
0.003

	
0.002

	
0.005




	
Free parking * Population density

	
0.006 **

	
0.002

	
0.002 *

	
0.001




	
Parking convenience * Land use mixture

	
0.004 *

	
0.002

	
0.007 **

	
0.003




	
Parking convenience * Bus stop density

	
0.017

	
0.012

	
0.007 **

	
0.004




	
Parking convenience * Road density

	
−0.009 **

	
0.004

	
−0.0011 **

	
0.003




	
Parking convenience * Distance to local center

	
0.008

	
0.006

	
0.014 *

	
0.007




	
Parking convenience * Distance to city center

	
−0.004

	
0.007

	
0.003

	
0.011




	
Parking convenience * Population density

	
−0.011

	
0.015

	
−0.021

	
0.018




	
Neighborhood-level variance

	
0.105 **

	
0.033

	
0.177 **

	
0.041




	
Log likelihood

	
−487.477

	
−514.889




	
Sample size

	
1036

	
1036








Note: * 10% level; ** 5% level.
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