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1. Introduction 
The understanding of the relationship between the built environment and travel behaviour still 
requires more in-depth research. The differences in some research conclusions may be the 
by-products of different methods, data and empirical case cities or regions. In addition, a 
number of more complex methodological problems, also resulted in the different empirical 
conclusions(Feng, Zhang et al. 2009).  

If the impact of spatial dependence is ignored, the impact of the built environment on the 
travel behavior of the area may be incorrectly estimated, resulting in the failure of the built 
environment to guide travel behavior during the regeneration of urban villages and even 
aggravate the traffic problems in the surrounding area. 

 

Figure 1: Spatial hierarchy of travel behavior and urban villages 
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2. Spatial dependence effect of urban villages 
The influence of spatial effect is not ignorable because the data of built environment variables 
have spatial attributes Spatial characteristics of economic variables are related to spatial 
location, distance, and spatial arrangement, as well as spatial measurement, estimation, 
testing, and prediction methods used to analyse the quantitative regularity of economic 
activities in space and time dimensions(Wang and Lin 2017). If the spatial effect is ignored, it 
may lead to overestimation or underestimation of the impact of the built environment on travel 
behaviour(Lin, Ding et al. 2014, Cheng, Zeng et al. 2016). 

3. Data analysis 
The data set comes from DiDi Chuxing Company (a ride-sourcing service company), 
Shenzhen branch. In terms of online car-hailing market share, DiDi Chuxing is the world's 
largest one-stop diversified travel platform, with nearly 300 million users in more than 400 
cities in China at the end of 2017.  

 

Figure 2: Distribution of DiDi trips in MO 

 

Figure 3: Distribution of DiDi trips in MD 

 



   Seite 177  

Beiträge zu einer ökologisch und sozial verträglichen Verkehrsplanung 
1/2022 

According to various online data, DiDi covers more than 87% of China's online ride-souring 
market and more than 99% of the online taxi market. Therefore, to study the problem of online 
car-hailing travel from a macro perspective of the city, the data of the DiDi travel platform used 
in this research is highly representative. 

 

Figure 4:Distribution of DiDi trips in EO 

 

 

Figure 5: Distribution of DiDi trips in ED 

 

4. Modelling spatial dependence effect 
The spatial dependence effect can be described from several aspects. Generally, spatial 
correlation can be reflected in the following three aspects. 

First, when there is a spatial correlation between the dependent variables, the spatial model is 
expressed as equation (1), which is called Spatial Auto regression. 

                                                  (1) l= +y Wy ε
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Among them,  represents the spatial weight matrix, and the commonly used spatial weight 
matrix is binary adjacency matrix, which represents the spatial adjacency relationship between 
TAZs. The built environment variables of each TAZ are used as independent variables. After 
the independent variables are introduced, the SAR model equation is shown in equation (2). 
That is, the spatial autoregressive model not only explains the demand for DiDi trips in the 
built environment of a certain TAZ, but also reflects the spatial dependence of DiDi travel 
demand among TAZs. 

                                              (2) 

Secondly, on the basis of SAR model, travel demand is not only affected by the built 
environment variable in the self-TAZ, but also may depend on the adjacent TAZs. For the built 
environment variables of the residential area, the spatial Durbin model (SDM ) can be 
constructed at this time as shown in equation (3). 

                                             (3) 

Third, the spatial dependence can also be embodied by the error term. When the missing 
variables that are not included in the independent variable but have an impact on the 
dependent variable which have spatial correlation, or the unobservable random variable has 
spatial correlation. That is, the impact is the unobserved DiDi travel demand in TAZs. A spatial 
error model (SEM’) can be constructed as equation 4 shows:  

                                                   (4) 

Among them, the generation process of the disturbance term is shown in equation (5). 

                                      (5) 

Further, it can be assumed that there is a spatial correlation between the observed and 
unobserved independent variables. On the basis of SAR, combined with the characteristics of 
SDM and SEM’, the spatial lag characteristics and the spatial error characteristics are 
combined to construct multiple spatial correlations to be developed as a new model called 
Spatial Durbin Errors Model (SDEM). The previous research generally only used a single SDM 
or SEM’ for spatial correlation analysis, and did not consider and verify the combination of the 
two models. The SDEM constructed in this chapter is shown in formula 6. 

                                      (6) 

Equation (6) indicates that the DiDi travel demand, built environment independent variables, 
and unobserved independent variables based on the TAZ are all spatially correlated , that is , 
the DiDi travel demand of a TAZ is not only affected by the built environment of its own TAZ, 
but also spatial dependent with other variables in 3 dimensions.  

DiDi travel demand of a TAZ is affected by the built environment of urban villages in other 
TAZs;  

At the same time, there is a spatial interaction between DiDi travel demand among TAZs;  

The spatial error term that affects DiDi travel demand also has spatial dependence.  

W

l= + +y Wy Xβ ε

= + +y Xβ WXδ ε

y = Xβ + μ

2= + ~ ( , )r s nN，μ Wμ ε ε 0 I

l= + + +y Wy Xβ WXδ μ
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The SDEM model constructed under the above assumptions will be tested by the model's 
applicability test statistics in the next part of this chapter. If the applicability test passes, it 
means that the assumption of considering multiple spatial correlations is established and the 
constructed SDEM model is reasonable; if the applicability test fails, the applicability of SDM, 
SEM’, and SAR can be checked in turn. 

5. Results 
Based on the spatial relationship of 490 TAZs in Shenzhen, the software GeoDa and Stata 
are applied to generate the first-order adjacency matrix of the traffic district, reflecting the 
spatial adjacency relationship of the traffic district, and then  the value of Moran’s I statistic is 
obtained as shown in Figure 6-9. 

 

Figure 6: Moran’s I statistic for MO 
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Figure 7: Moran’s I statistic for MD 

 

 

Figure 1 Moran’s I statistic for EO 
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Figure 9: Moran’s I statistic for ED. 

 

Table 1: Estimation results of SDEM model 

Variables 
index 

Variables name Urban villages Workplace 

MO ED MD EO 

 Constant -1.562** 0.638** 0.913 -2.336** 

X1 Population density 0.391*** 0.007** 2.197** 0.955* 

X2 Building density 0.517** 0.366** 0.793*** 0.955*** 

X3 Mixed land use -1.327** -1.809** -2.286* -2.674** 

X4 Road network density 0.537 0.183* 0.097 0.247 

X5 % of non-motorized lane -0.989 -0.721* -0.235 -0.699 

X6 Bus line density -0.042* -0.448** -0.485** -0.616* 

X7 Bus stops density -0.038*** -0.091** -0.908*** -0.209*** 

WX1 WPopulation density -0.708** -0.832** -0.448*** -0.341** 

WX2 WBuilding density -0.903 -0.606 -0.809 -0.396 

WX3 WMixed land use 0.593** 0.257** 0.666** 0.299** 
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WX4 WRoad network -0.797 -0.753 -0.996 -0.905 

WX5 W% of non-motorized lane -0.699 -0.081 0.708 -0.255 

WX6 WBus line density 0.642 0.057 -0.213 0.598 

WX7 WBus stops density -0.557* -0.812** -0.766* -0.488* 

/  0.351*** 0.296*** 0.262*** 0.414*** 

/ R2 0.796 0.638 0.621 0.665 

/ log-likelihood 563.8 601.3 589.1 543.2 

/ LR-test 463.4 511.5 488.6 426.7 

 

6. Conclusions and discussion 
(1) The demand for online car-hailing commuting travel is spatially dependent in urban villages 
and workplaces. The built environment of urban villages and employment areas has basically 
the same impact on online car-hailing commuting travel. However, overall, the built 
environment of urban village areas has more factors, and the coefficient of the built 
environment variable of the employment site is larger in absolute value, indicating that the 
improvement of the built environment of the employment site has a more significant effect on 
guiding DiDi travel demand. The built environment factors need to be considered more 
comprehensively if the DiDi travel is guided from the urban village areas. 

(2) The impact of built environment variables on online car-hailing commuting trips 
simultaneously shows spatial competition effects and spatial spill over effects. Since the 
spatial spill over effect represents a wider range of the impacts of influencing factors, when 
formulating an online car-hailing travel demand management strategy, in order expand the 
scope of the influence, the built environment variables (bus stops density) with spatial spill 
over effects can be adjusted first. Then the general spatially related variables (building 
density, bus line network density, road network density and non-motorized vehicle lane ratio) 
can be taken into account. Finally, the variables with spatial competition effects (population 
density and mixed land use) should be put in the end. 

(3) Previous studies haven’t focused on the special urban developing contexts. Results of this 
paper contribute to those countries or regions who are undergoing rapid urban regeneration. 
In the process of urban regeneration, the relationship of the new arising travel mode and the 
urban built environment are changing accordingly. Therefore, this research could provide 
references for other developing countries. 
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