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Abstract

:

Urban travel is a major component of urban transport, and the total carbon emissions of urban transport can be effectively reduced if the carbon emissions of residents’ travel can be reasonably controlled. Based on the questionnaire data of many different types of residential areas in Guangzhou, the daily travel behaviour of residents was analysed and their travel carbon emissions were calculated. The differences in travel characteristics and travel carbon emissions of residents in different types of residential areas were compared. The influencing factors of residents’ travel carbon emissions were divided into three categories: individual socio-economic factors, built environment, and residents’ travel behaviour. On this basis, a structural equation model is established to study the impact mechanism of residents’ travel carbon emissions. The path relationship between endogenous variables and endogenous variables, as well as the path relationship between exogenous variables and endogenous variables were investigated. The interactions between various influencing factors of residents’ travel carbon emissions were examined. The results show that: (1) there are significant differences in residents’ travel carbon emissions in different types of municipalities. Residents’ travel carbon emissions in Guangzhou are closer to the 60/20 distribution; (2) compared with individual socio-economic factors, the impact of the built environment on travel carbon emissions is more obvious; (3) travel distance and travel mode are the factors that directly affect residents’ travel carbon emissions. Proposals have been made to reduce the carbon emissions of residents travelling.
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1. Introduction


According to the latest research report by the International Energy Agency (IEA), transportation has become the second largest CO2 emission sector in the world [1]. The energy consumption and carbon emissions of the transport sector are growing the fastest, and is regarded as the most difficult sector in which to achieve carbon emission reduction [2,3]. Reducing transport carbon emissions is a major challenge to achieving the goal of mitigating climate change [4]. China has become the world’s largest carbon emitter, and the total carbon emissions of the transport sector rank second in the world [5]. With social and economic development and the popularity of cars, China’s traffic carbon emissions will continue to grow in the future [6]. At present, China is in the process of rapid urbanization. Many cities have entered the stage of sprawling development. The use of cars by urban residents has been increasing, resulting in a sharp increase in carbon emissions from transportation [7]. Urban travel is a major component of urban traffic, and the total carbon emissions of urban traffic can be reduced if the carbon emissions of residents’ travel can be reasonably controlled.



The built environment affects the carbon emissions of residents’ travel through its impact on residents’ travel behaviour. These travel behaviours are measured in a variety of ways, including travel mode selection, travel distance, travel frequency, travel purpose, or travel time [8]. Since the 1990s, many researchers have found that traffic carbon emissions are related to the built environment [9]. Macro level research is mainly based on national time series data and urban cross-section data, and uses aggregate analysis methods to analyze the relationship between urban form, transportation energy consumption, and carbon emissions [10,11,12]. Hughes et al. found that city size is the most powerful determinant of travel carbon emissions [13]. Hong found that there is a nonlinear relationship between density and travel carbon emissions, and the emission reduction effect of population density is not significant, to some extent [14]. In other studies, the correlation between residential density and travel carbon emissions is not significant [15]. Zahabi et al. found that the density, public transport accessibility, and land use mixing degree will increase by 10%, and the travel carbon emissions will decrease by 0.5%, 5.8%, and 2.5%, respectively [16]. J. Nicolas et al. found that residents living in urban and central areas produce more carbon emissions, while suburban and rural areas have lower carbon emissions [17]. Ko J. et al. found that the carbon emissions of the Seoul metropolitan area is higher than that of Seoul by using tree regression and the LOGISTIC model [18]. Through multiple OLS regression analysis, Büchs M. et al. pointed out that British rural households tend to produce higher carbon emissions than urban households, with 16% higher emissions [19].



Micro level research is primarily based on questionnaire data. Based on U.S. household travel survey data, Brownstone et al. found that the residential population density will decrease by 1000 households per square mile, the annual driving mileage of family cars will increase by 1200 miles, and the fuel for cars will increase by 65 gallons [20]. Some scholars also found that the density of working places plays a greater role in reducing traffic carbon emissions than the density of residential places [21,22,23]. In addition, many researchers also pay attention to the impact of residents’ socio-economic factors on residents’ travel carbon emissions [24]. Some scholars pointed out that men produce higher traffic carbon emissions than women [25]. Middle aged people produce higher traffic carbon emissions than other age groups [26]. High income groups are prone to higher carbon emissions [27]. Residents with fixed jobs produce higher traffic carbon emissions than those without jobs [28]. In general, existing studies focus on analyzing the distribution characteristics and related factors of carbon emissions of many countries and regions. Through the study of city space and the residents’ travel CO2 emissions, scholars confirmed that the city space environment characteristics, such as land use, traffic planning, and urban morphology, determine the spatial distribution of residents’ living, employment, and recreation, as well as influence the travel mode, direction, distance, and changes of CO2 emissions. For cities in the process of urbanization in China, the influencing factors of resident travel carbon emissions have their own characteristics. Studying the characteristics and impact mechanism of residents’ travel carbon emissions from the micro level, and exploring its internal mechanism, can provide a reference for low-carbon city construction and traffic carbon emission reduction strategy formulation.



This paper examines the influencing mechanism of urban travel carbon emissions from the perspective of the residential area built environment. The characteristics of urban travel carbon emissions were revealed in several aspects. A structural equation model (SEM) was developed to examine the effects of individual socio-economic factors, built environment, and travel behaviour on urban travel CO2 emissions. A series of primary conclusions and policy recommendations were provided to benefit policymakers who seek to implement low-carbon transportation improvement measures.




2. Materials and Methods


2.1. The Source of the Data


This study selects Guangzhou as a case city. The data primarily come from the first-hand data obtained from the questionnaire survey of daily travel activities of Guangzhou residents, from October to December 2018. The sample plots are selected from the stratified space of the residential areas (see Table 1) and the type of residential areas (Table 2). A total of 2331 households are selected from 33 residential communities (see Table 2) as survey samples. The questionnaire includes the following two parts: one is the individual socio-economic factors, including demographic characteristics, economic characteristics, and family vehicle ownership characteristics; the other is the survey of the residents’ travel behaviour, including travel purposes, travel tools, travel time, etc.




2.2. Calculation Formula of Residents’ Travel CO2 Emissions


Based on the questionnaire of residents’ travel, the method of travel in the coefficient method is used to measure the carbon emission of residents. Residents’ travel carbon emissions in one day are calculated as follows:


   T n  =   ∑  i = 1  n    D i  ×  K i     



(1)







   T n    is residents’ travel carbon emissions in one day(g). i is the transportation method.    D i    is total distance traveled by way of i (km).    K i    is the intensity of carbon emissions per unit distance by way of travel i (g/person·km). n is the total number of travel methods taken by the residents to complete their daily travel.



The various modes of transport carbon emission coefficients are sorted according to the related literature [29] (Table 3).




2.3. Structural Equation Model (SEM)


Residents’ travel carbon emissions have a direct impact on travel variables. The built environment and individual socio-economic factors indirectly affect residents’ daily travel CO2 emissions, constituting a relationship, as shown in Figure 1. Residents’ travel characteristics are the result of the individual selection of many factors, and are influenced by social and economic attributes.



Through the structural equation model, 7 endogenous variables, such as individual socio-economic factors and built environment, and 2 exogenous variables, travel distance and travel frequency, are selected. The selected variables are shown in Table 4.



The structural equation model contains two models: the measurement model and the structural model. The structural equation model of this study can be expressed as:


  y = B y + Γ x + ζ  



(2)







y is the exogenous variable, represented by the vector composed of endogenous indicators; x is the endogenous variable, represented by the vector composed of exogenous indicators; B is the internal relation between variables, represented by random relation matrix; Γ is the exogenous variable effects on endogenous variables, represented by the direct random effect matrix; ζ is the residual structural equation, the part of which the y equation fails to reflect [30].





3. Characteristics of Residents’ Travel Carbon Emissions in Different Types of Residential Areas


3.1. Travel Carbon Emissions of Residents with Different Distances from Community to CBD


As shown in Figure 2, there is a positive correlation between the distance from community to CBD and the carbon emissions of residents’ travel. The farther away the community from the CBD, the higher the carbon emissions of residents’ travel.




3.2. Travel Carbon Emissions of Residents under Different Ground Bus Accessibility


As shown in Figure 3 and Figure 4, there is a negative correlation between the accessibility of community public transport and the carbon emissions of residents’ travel. The more bus and subway lines there are within 1 km, the lower the carbon emissions of residents.




3.3. Travel Carbon Emissions of Residents in Different Types of Communities


As shown in Figure 5, there are significant differences in the carbon emissions of residents’ trips in different types of communities. As the community distance from the city center increases, the grade of the community increases as well, and the greater the carbon emissions of residents’ travel in the community.




3.4. Grading Distribution of Residents’ Travel CO2 Emissions


To compare the distribution structure of residents’ daily travel in seven different types of residential areas, the CO2 emissions of residents’ daily travel in Guangzhou are classified into zero carbon emission, low carbon emission (0–2000 g), medium carbon emission (2000–6000 g), and high carbon emission (6000 g, max). As shown in Table 5, residents’ trips in Guangzhou residential areas are mainly low-carbon trips; the proportion of low-carbon trips is 46% of the total, while the proportion of high-carbon trips is only 2% of the total. Comparing the seven representative residential areas, the proportion of low-carbon residents in the central and core areas is over 45%, the old residential areas in the central area is as high as 55%, and the new garden community in the outer suburbs is only 41%. In terms of zero carbon emissions, the new garden community in the outer suburbs is much lower than the other six residential areas. At the same time, in the outer suburbs of the new garden community, the proportion of residents with high carbon travel is much higher than in the other six types of estate. Residents’ travel carbon emissions show significant differentiation at the urban spatial scale, showing that residents in the core and central areas account for a lower low carbon and zero carbon ratio, while the medium and high carbon ratios in the outer suburbs are relatively high.



The travel CO2 emissions of the residents in the different types of residential areas are sorted in ascending order, and the cumulative percentage of the total carbon emissions of the residents is calculated. The Lorenz curve of travel carbon emissions is plotted in Figure 6. From Figure 6, we can see that the daily travel CO2 emissions of the residents of Guangzhou city are close to the 60/20 distribution. That is, about 60% of the carbon emissions are generated by 20% of the residents with high carbon emissions. The core area of the new garden community, the new community garden community, and the new garden suburb area are closer to the 80/40 distribution. The old residential areas in the core area are closer to the 80/20 distribution, and their residents’ travel CO2 emissions are more unequal.





4. The Influence Mechanism of Urban Travel Carbon Emissions in Guangzhou


Running the programme in AMOS21.0 software, through the test and revision of the initial model, we obtain the final model with 17 degrees of freedom. The chi-squared goodness of fit value is 25.51, the significant probability value is 0.084 (more than 0.05), and the chi-squared ratio is less than 2 degrees of freedom, which shows that the goodness of fit of the model is better. Further analysis of the goodness of fit index of the model shows that the RMSEA value is 0.038 (less than 0.08), the goodness of fit index GFI is 0.038 (less than 0.08), the goodness of fit index GFI is 0.994 (more than 0.9), and the comparative fit index CFI is 0.999 (more than 0.9), all of which explain that the final model is a good fitting model in the statistical sense.



4.1. Path Relationships between Endogenous Variables and Endogenous Variables


Most of the hypothetical paths between the endogenous variables are statistically significant. The path diagram of the effects of the endogenous variables is shown in Figure 7:




	(1)

	
Travel distance has a significant effect on travel mode. The increase in travel distance has an obvious discouraging effect on slow traffic, and the increase in travel distance has an obvious encouraging effect on public transport trips, but the effect on car trips is not significant. The model results show that the probability of slow traffic decreases significantly with the increase in travel distance (the total effect is −0.26), and the probability of subway travel increases significantly with the increase in travel distance (the total effect is 0.29).




	(2)

	
As travel distance increases, the increase in the probability of car travel leads to a significant increase in CO2 emissions. Travel distance and car travel have a clear positive effect on travel CO2 emissions. The overall effect of travel distance on travel CO2 emissions comes mainly from the direct effects. The increase in travel distance will significantly increase the probability of car travel.
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Figure 7. Endogenous variable effect path. Note: 1. the path coefficient is 0.1, which means 1 standard deviation of the independent variable affects 0.1 standard deviations of the dependent variable. 2. A → B → C means that A affects C through affecting B, and the indirect effect is the product of the coefficients of each path. 
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4.2. Path Relationships between Exogenous Variables and Endogenous Variables


The direct, indirect, and total effects of residents’ socio-economic factors and the built environment on residents’ travel behaviour are shown in Table 6. As shown in Table 6:




	(1)

	
The relationship between housing attribute variables and endogenous variables




	➀

	
Housing type has a significant negative effect on residents’ travel CO2 emissions, while location and distance from CBD has a significant positive effect. Most units are located in the urban core, and the closer to the city centre, the lower the travel CO2 emissions. The further away the municipality is from the core area and the urban CBD, the higher the CO2 emissions. As for the specific impact path, communities close to the city centre can reduce the probability of car travel and increase the probability of slow traffic travel, thus leading to the reduction of carbon emissions of residents’ travel.




	➁

	
The accessibility of public transport and subway travel has a significant negative effect on the CO2 emissions of residents’ travel, which means that the increase of public transport can promote the reduction of CO2 emissions.










	(2)

	
Path relationships between individual socio-economic factor variables and endogenous variables




	➀

	
The impact of gender and occupation on carbon emissions from travel is not significant. Regardless of the direct effect, the indirect effect, or the overall effect of the model, the gender and occupation of the individual socio-economic factor variables have no significant effect on any of the endogenous variables. Age and education level have some influence on travel behaviour, including distance travelled and mode of travel, but the indirect and total effects on carbon emissions from travel are not significant.




	➁

	
Family income and car ownership are the main factors influencing travel CO2 emissions. The impact of income on travel distance and public transport is not significant, but the impact on car and slow traffic is significant. Increasing income will increase the likelihood of car travel, and reduce the likelihood of slow traffic. The increase in household car ownership will increase the likelihood of car travel, and have an important impact on residents’ travel options and travel CO2 emissions.















Overall, from both the indirect effect and the total effect, all of the built environment variables in the model have significant effects on the statistics for travel CO2 emissions. The path coefficient is large, which shows that in terms of individual socio-economic factors, the influence of the built environment on travel carbon emissions is more obvious.
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Table 6. Total, direct, and indirect effects of exogenous variables on endogenous variables.






Table 6. Total, direct, and indirect effects of exogenous variables on endogenous variables.





	
Exogenous Variable

	
Effect

	
Travel Distance

	
By Car

	
By Bus

	
By Underground

	
Slow Traffic

	
Travel CO2

Emissions






	
Gender

	
Total effect

	
0

	
0

	
0

	
0.004

	
0

	
0.085




	
Direct effect

	
0

	
0

	
0

	
0.004

	
0

	
0.085




	
Indirect effect

	
0

	
0

	
0

	
0

	
0

	
0




	
Age

	
Total effect

	
0.014

	
0.061

	
−0.037

	
−0.08

	
0.109

	
−0.078




	
Direct effect

	
0.014

	
0.061

	
0

	
−0.037

	
0.105

	
−0.064




	
Indirect effect

	
0

	
0

	
−0.037

	
−0.042

	
0.004

	
−0.014




	
Degree of education

	
Total effect

	
0.06

	
0

	
−0.066

	
−0.066

	
0.251

	
−0.245




	
Direct effect

	
0.06

	
0

	
−0.067

	
−0.061

	
0.251

	
−0.246




	
Indirect effect

	
0

	
0

	
0.001

	
−0.005

	
0

	
0.002




	
Occupation

	
Total effect

	
0.071

	
0.062

	
−0.099

	
−0.11

	
0.362

	
−0.231




	
Direct effect

	
0.071

	
0.062

	
−0.075

	
−0.062

	
0.362

	
−0.228




	
Indirect effect

	
0

	
0

	
−0.024

	
−0.048

	
0

	
−0.003




	
Monthly income

	
Total effect

	
−0.033

	
−0.224

	
−0.038

	
0.173

	
0.002

	
0.079




	
Direct effect

	
−0.033

	
−0.224

	
−0.136

	
0.033

	
0

	
0.07




	
Indirect effect

	
0

	
0

	
0.097

	
0.141

	
0.002

	
0.009




	
The number of family cars

	
Total effect

	
0

	
0.373

	
0.034

	
−0.266

	
0.098

	
−0.044




	
Direct effect

	
0

	
0.373

	
0.214

	
−0.028

	
0.101

	
0




	
Indirect effect

	
0

	
0

	
−0.181

	
−0.238

	
−0.003

	
−0.044




	
Residential area type

	
Total effect

	
−0.97

	
−0.146

	
0.08

	
−0.058

	
0.093

	
−0.17




	
Direct effect

	
0

	
−0.096

	
0

	
−0.031

	
−0.007

	
−0.384




	
Indirect effect

	
0

	
−0.12

	
0.001

	
−0.052

	
−0.007

	
−0.113




	
Residential location

	
Total effect

	
0.102

	
0.11

	
−0.084

	
0.058

	
−0.064

	
0.145




	
Direct effect

	
0.102

	
0.009

	
−0.083

	
0.004

	
−0.072

	
0.036




	
Indirect effect

	
0

	
0.1

	
−0.001

	
0.055

	
0.008

	
0.109











5. Discussion


Taking Guangzhou as an example, the travel characteristics of urban residents and the factors influencing carbon emissions were analysed. Income and family car ownership are the main factors influencing travel carbon emissions, and both are positively correlated with travel carbon emissions. Gender, age, education level, and occupation have no significant impact on the carbon emissions of residents’ travel. The above estimated results of the individual socio-economic influencing factors are generally consistent with the conclusions of existing research [31]. According to the survey, residents with higher incomes and car ownership are more likely to travel by car, even though the communities they live in have higher levels of public transport availability. The reason for this is that many people in Guangzhou do not want to wait a long time for buses when the environmental temperatures are high.



The type of residential area has a significant negative effect on travel carbon emissions, while the location of the residential area has a significant positive effect on residents’ travel carbon emissions. Both travel mode and travel distance have significant positive effects on residents’ travel carbon emissions. These conclusions are generally consistent with existing studies [20,32]. Compared to individual socio-economic factors, the built environment has a greater impact on travel carbon emissions.



The following suggestions are proposed for low-carbon travel guidance for urban residents:




	(1)

	
In urban development, it should be beneficial to reduce the carbon emissions of residents’ travel through mixed land use, compact use, and balance of work and living space.




	(2)

	
Where long-distance travel is unavoidable, public transport resources should be allocated rationally and effectively, according to the location and type of the residential area. The level of service provided by public transport should be continuously improved in order to reduce the overall carbon emissions of transport.




	(3)

	
The increase in vehicle ownership and use is the main reason for the increase in carbon emissions from transport. It is proposed to strictly control the ownership and use of private cars in large cities, vigorously promote new energy vehicles, and promote advanced technologies, such as intelligent transportation.









There has been a great deal of useful theoretical research on the travel characteristics of residents and the study of low-carbon cities. Only by thoroughly exploring the interrelationship between urban spatial structure, individual behaviour, and carbon emissions can we achieve low-carbon development and build a low-carbon society and urban space. In addition, urban spatial structure and information technology will have a great impact on carbon emissions from residential travel, which is the future research direction.




6. Conclusions


In recent years, urban land planning and population growth in China have led to longer urban commutes and increased total carbon emissions from transport. This unsustainable development model is likely to be replicated in other developing countries. Therefore, it is important to use Chinese cities as a study area. Using data from 2018 in Guangzhou, China, this study reveals the characteristics of urban traffic carbon emissions in several aspects, digs out the internal relationship between individual behaviour, the built environment, and residents’ traffic behaviour, and deeply analyses the mechanism of residents’ traffic carbon emissions by using the structural equation model. The conclusions of our research and policy implications include the following:




	(1)

	
There is a negative correlation between the distance between the community and the CBD and the carbon emissions of residents’ trips; there is a negative correlation between the accessibility of public transport in the community and the carbon emissions of residents’ trips. There are significant differences in the carbon emissions of residents’ travel in different types of communities. The carbon emissions of residents’ trips in Guangzhou are closer to the 60/20 distribution, and most of the carbon emissions of residents’ trips are uneven, with a few people emitting large amounts of carbon.




	(2)

	
The characteristics of the residential area have a more significant impact on residents’ travel carbon emissions than individual socio-economic factors. The spatial location of residential areas affects the carbon emissions of residents. As for the type of residential areas, the higher the general community grade is, the higher the residents’ carbon emissions will be. Optimising the urban spatial structure is the key method to reduce residents’ carbon emissions. We should make use of land mixing, compact use, and the balance between occupation and the built environment to reduce residents’ carbon emissions. Under the background of China’s current rapid urban suburbanization, more space behaviour organisation and behaviour planning should be used to guide residents to reduce long-distance travel, such as making daily travel concentrated in a small range and branched network, in order to build a compact urban space system of low-carbon travel.




	(3)

	
Travel distance and travel mode are the factors that directly influence the carbon emissions of residents’ travel. Individual socio-economic factors and the built environment influence carbon emissions of travel, through travel distance and travel mode. The increase in the number and use of motor vehicles is the main reason for the increase in CO2 emissions. On the one hand, it is recommended to strictly control the ownership and use of private cars in big cities. On the other hand, it is recommended to improve the service level of public transport, and strive to optimise the transport structure in order to achieve an overall reduction of CO2 emissions.
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Figure 1. Research Framework of Residents’ Travel CO2 emissions. 
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Figure 2. Travel carbon emissions of residents with different distances from community to CBD. 
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Figure 3. Travel carbon emissions of residents under different ground bus accessibility. 
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Figure 4. Travel carbon emissions of residents under different subway accessibility. 
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Figure 5. Travel carbon emissions of residents in different types of communities. Notes: 1. core area new garden community, 2. core area old residential area, 3. core area unit compound, 4. central district new garden community, 5. central district old residential area, 6. central district unit compound, 7. new garden community in outer suburbs. 
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Figure 6. Lorenz curve of residents’ travel carbon emissions in different types of communities. 
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Table 1. The description of spatial location and types of residential area in Guangzhou.
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	Spatial Location
	Range
	Residential Area Types
	Characteristics





	Core area
	Old city group, business district group
	Unit courtyard
	Residential buildings constructed in unit form, residential buildings are mostly low floor residential buildings. The working place is close to where they live.



	Central area
	Wushan and Gaotang group, Dongpu and Olympic sports group, Datansha and Fangcun group, South Baiyun group, North Baiyun group and the central area of Panyu
	Old residential area
	Most located in the old cities, mainly private self-built houses, public houses, with high density, building longer.



	Outer suburb
	The others
	New garden community
	New commercial residential buildings, mainly high-rise buildings, with the garden landscape.
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Table 2. Basic information of the communities.
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	Residential Area Type Location
	Core Area
	Central Area
	Outer Suburb





	Unit courtyard
	Tianhe Yuancun Village
	Guang Gong Village Teachers, Guanggang Guanhe Village
	



	Old residential area
	Yuejin Village, Shipai Village, East Lake Village, Longjin Garden
	Tong Tak Garden, Xing Yuan
	



	New garden community
	The Millennium Garden, Yi Bay, Langqiao Era, Wanhua Garden, Yujing Nanyuan, Grass Garden Area, Fragrant Herb Garden Area, Decimating Jinyang Garden
	Wing Park Business District, Decimating Taoyuan, Baiyun Ascot, Lingnan New World Homes, Guanzhouhe Beiyuan, Ascot Garden, Tianhe Plaza Garden, Meilin coast, Xujing Garden, Cuiyuan district, Zhonghaikangcheng
	Lijiang Garden, Southern Olympic Garden, Guangzhou Yue Garden, Southern China Biguiyuan, Clifford Estates, Southern China Metro
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Table 3. CO2 emission intensity by transport modes (g/person.km).
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	Traffic Type
	Transportation Mode
	Carbon Emission Intensity





	Small car class
	Private car, taxi, unit distribution
	144.30



	Bus class
	Bus, shuttle bus
	37.00



	Railway class
	Subway, intercity rail transit
	6.30



	Individual auxiliary class
	Electric bicycle, scooters for disabled, autocycle
	7.50



	Others
	Walk, bike
	0.00
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Table 4. Processing and interpretation of variables.
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Variable Type

	
Category

	
Variable Name

	
Variable Property

	
Variable Interpretation






	
Exogenous variable

	
Individual socio-economic factors

	
Gender

	
Fictitious

	
Male = 1; female = 0




	
Age

	
Continuity

	
Age




	
Education level

	
Grade

	
Junior high school and below = 1; high school (including secondary school, vocational school) = 2; undergraduate or junior college = 3; postgraduate and above = 4




	
Occupation

	
Grade

	
Institutions and enterprises management personnel =1; institutions and enterprises ordinary staff = 2; individual operators = 3; business services staff = 4; animal husbandry and fishery workers = 5; students = 6; no = 7; others = 8




	
Income

	
Grade

	
below 3000 = 1; 3000–3999 = 2; 4000–5999 = 3; 6000–7999 = 4; 8000–9999 = 5; 10 thousand–1.5 million = 6; 16 thousand–2 million = 7; more than 20 thousand = 8




	
Family car ownership

	
Continuity

	
The number of private cars owned




	
Built environment

	
Residential area type

	
Grade

	
New garden community = 1; old residential area = 2; unit courtyard = 3




	
Residential location

	
Grade

	
The central area = 1; the core area = 2; the outer suburbs = 3




	
Distance from CBD

	
Continuity

	
The straight-line distance from Zhujiang New Town CBD




	
Subway accessibility

	
Continuity

	
Number of subway lines within 1 km




	
Accessibility of public transportation

	
Continuity

	
Number of bus routes within 1 km




	
Endogenous variable

	
Travel behaviour

	
Travel distance

	
Continuity

	
Actual distance traveled by residents




	
Travel frequency

	
Continuity

	
Number of residents’ travel




	
Car travel

	
Fictitious

	
Yes = 1, No = 0




	
Bus travel

	
Fictitious

	
Yes = 1, No = 0




	
Subway travel

	
Fictitious

	
Yes = 1, No = 0




	
Slow traffic travel

	
Fictitious

	
Yes = 1, No = 0




	
Travel carbon emission

	
Continuity

	
carbon emissions per day for residents’ travel
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Table 5. Grading distribution of residents’ travel daily carbon emissions in different types of communities.
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	Community Categories
	The Proportion of Zero Carbon Emissions
	The Proportion of Low Carbon Emissions
	The Proportion of Middle Carbon Emissions
	The Proportion of High Carbon Emissions





	Core area new garden community
	29%
	45%
	24%
	2%



	Core area old residential area
	41%
	45%
	13%
	1%



	Core area unit compound
	45%
	53%
	2%
	0%



	Central district new Garden community
	25%
	48%
	25%
	2%



	Central district old residential area
	29%
	55%
	15%
	1%



	Central district unit compound
	26%
	53%
	19%
	2%



	New garden community in outer suburbs
	19%
	41%
	36%
	4%



	Total
	26%
	46%
	26%
	2%
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