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Abstract: Motor vehicle travel is one of the causes of aggravation of CO, emission, environmental
issues and urban problems. The advocation of low-carbon travel is necessary for the achievement
of low-carbon city construction and sustainable development in the future. Many studies have
shown that built environment tends to influence residents’ travel behavior, and most studies are
demonstrated from the macro level of metropolis. However, from the perspective of neighborhoods,
much less attention has been paid, especially in developing countries including China. This study
chooses 15 neighborhoods in the main districts of Nanjing in China, taking the location of
neighborhoods and residents’ socio-economic attributes into consideration, to examine the effects of
residential built environment on residents” mode choice of different travel types, and to propose the
recommended values for the most significant variables. The residential built environment attributes
are from three dimensions of land use, road network system and transit facilities. The method of
this study is three-step and successive. Primarily, a correlation analysis model is applied to initially
examine the role that residents’ socio-economic attributes and residential built environment attributes
play on residents’ low-carbon travel of three different travel types respectively. Primary significant
attributes from these two aspects are preliminarily screened out for the re-screening in the next
step. In addition, the study uses multivariate logit regression modeling approach, with significant
socio-economic attributes as concomitant variables, to further re-screen out the key variables of built
environment. Furthermore, a unary linear regression model is applied to propose the recommended
values for the key built environment variables.

Keywords: neighborhood; built environment; low carbon travel; correlation analysis model;
multivariate logit regression model; unary linear regression model

1. Introduction

The greenhouse effect has brought rigorous challenge for society and ecology in a global context.
As Intergovernmental Panel on Climate Change (IPCC) reported in 2014 that transport accounted for
14% of total greenhouse gas emission worldwide [1]. China is one of the largest CO, emitters in the
world: from 1985 to 2015, the number of private cars increased at an average annual rate of 22.9% [2].
The increase in the population of private cars as well as the daily usage has posed severe challenges
to urban road network capacity, parking space, travel time, energy consumption, air pollution and
comfort of urban spaces. Residents’ travel mode choice has an important impact on urban transport
and carbon emissions. The “low-carbon travel”, which is dominated by public transport, non-motor
vehicles and walking, is based on low energy consumption and low pollution, aiming to reduce
the carbon dioxide emissions during the trip. It is of great importance to alleviating urban traffic
congestion and achieving urban sustainable development. Neighborhoods, as an important functional
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part of the city, are the spatial carriers of daily life of residents, and their built environment is associated
with the choice of residents’ travel mode [3,4] .

Studies on the factors that affect the travel mode of residents carried out by researchers
can be divided into two categories: the socio-economic attributes of residents and the built
environment attributes.

Based on the US Department of Transportation’s 2001 National Household Travel Survey, Agrawal
and Schimek [5] analyzed the walking trip data of residents, evaluated the condition of walking trip
in the US and examined the influential factors on walking. Further, the results indicated that highly
educated people are more willing to choose to walk whether for utility trips or recreational trips.
The high-income earners are more likely to choose the non-walking mode for commuting trips but the
walking mode for the recreational travel. Based on panel data from 1978 to 2008 in some countries
in Europe and Japan, Okada [6] examined the results from 25 OECD countries, consisting mainly of
European countries and Japan, indicate that there is a quadratic relationship between CO, emissions
per capita and the share of aged population, and that the turning point is around 16 percent. Wei and
Pan [7] analyzed and studied the sub-districts in Hangzhou. It is concluded that commuting trips
are significantly related to household incomes. Different economic status leads to different influence
of the land use variables on the mode choice of commuting travel. Based on the data obtained from
the low-carbon city questionnaire survey carried out in Wuhan in 2010, Huang, Du, Liu et al. [8,9]
conducted the multiple linear regression analysis and the results indicated that the carbon emissions of
household daily traffic trips are significantly correlated to the monthly household income, the education
level of female family members, the number of permanent residents of the family. Based on the National
Household Transportation Survey (NHTS) in the US in 2009, Merlin [10] believed that the influence
of the built environment on household participation in non-work activities is greater than expected.
In addition, activity participation in households with limited vehicle access is for the most part not
affected by the built environment. Taking physical environment attributes such as population density,
mixed degree of land use and so on into consideration, most of the relative studies presented the
socio-economic attributes that play an important role on facilitating walking and other low-carbon
mode. These socio-economic attributes mainly include age, educational attainment, family income and
population. Because of the differences of geographical areas and research scales, the influence of each
factor may not be consistent. Therefore, it is necessary to study residents’ socio-economic attributes in
the research area, and specifically focuses on their influence on residents’ travel mode.

Cervero and Kockelman [11] condensed the built environment characteristics into density;,
diversity of land use, and urban design, namely, the “3Ds” which has been widely acknowledged.
Then Cervero and Jin [12] added two elements: the distance to transit and the destination accessibility,
which further emphasized the impact of the interaction between public transport and land use on
residents’ travel, and extended the “3Ds” to “5Ds”. In addition, many researchers believed that the
optimization of the built environment is an important and long-term strategy to reduce residents’
dependence on cars [13,14] .

Based on the empirical study of five sample neighborhoods in San Francisco, Kitamura, Mokhtarian
and Laidet [15] concluded that the variables such as residential density, public transit accessibility,
mixed use of land and the presence of sidewalks were significantly related to residents’ travel behavior
in built environments. Moreover, it suggests that land use policies promoting higher densities and
mixtures may not alter travel demand materially unless residents’ attitudes are also changed. Reilly and
Landis [16] conducted a survey of residents’ travel data in the San Francisco Bay Area and found that
built environment has an impact on residents’ travel mode. As for entertainment travel, a 25% increase in
the density of road intersections increased the probability of choosing public transportation by 62% and
the probability of choosing walking by 45%. Dygryn, Mitas and Stelzer [17] defined the walkability
index to measure walking friendliness. Among them, the built environment characteristics such as
residential density, road connectivity and mixed use of land have a positive correlation with walkability
index. Ewing and Cervero [18] analyzed a large number of empirical studies based on meta-analysis
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and concluded that the distance to bus stops, road network shape variables and land-use mixed degree
are important variables that influence residents” mode choice of public transport. Hong, Shen and
Zhang [19] based on the survey data of household activities of the Puget Sound Regional Council in
2006, established the multilevel linear model to integrate the spatial relations of various TAZs into the
study area, and drew the conclusion that residents in the area with higher density and mixed land use
are less likely to choose motor vehicle travel. Ding, Wang and Xie et al. [20] took the empirical study in
Washington DC as the study area. It is considered that the built environment around the home location
and work place has a significant impact on the travel distance of commuting, and the building coverage
around the work place has a greater impact on residents’ travel.

Compared with other countries, China has lagged behind in studying the relationship between
the built environment and residents’ travel modes. At present, the qualitative studies gradually
move towards quantitative studies. Pan, Shen and Zhang [21] selected four blocks in different
locations in Shanghai as research subjects. The analysis showed that in Luwan block which has
relatively high road network density, residents have relatively short travel distances and are more
willing to choose low-carbon travel mode. Taking Nanjing as an example, Shi and Ju [22] studied the
impact of land use, road design, bus supply and socio-economic attributes of residents on bus travel.
The specific built environment variables and the characteristics of residents’ socio-economic attributes
are regarded as independent variables and the bus sharing rate as a dependent variable. On this
basis, the multiple linear regression model was established and the results indicated that there is a
respectively significantly positive correlation, positive correlation, positive correlation and negative
correlation between the bus sharing rate and four variables respectively, including the mixed degree
of land use, the density of cross intersection, transportation line overlap factor and the distance to
the nearest subway station. Based on 21 blocks in Shanghai, Chen, Wang and Xi et al. [23] studied
the influence of the spatial pattern on pedestrian behavior in Shanghai. According to the attributes
of population density, storefront density, bus route density and the density of entrances and exits in
neighborhoods, they proposed appropriate value of each attribute. Studies listed above are all about
the essential influence of built environment attributes on travel, such as urban location, land use and
road network et al. In addition, analyses suggest that depending on geographic scales and tour types,
some of these effects may translate into different empirical results.

However, some issues still need further research in the previous studies. Firstly, most of the
existing studies are concentrated on the macro level of metropolis, while there are relatively few studies
on the level of neighborhoods. Taking neighborhood as a unit to survey on residents’ socio-economic
attributes, the survey content is more detailed, more comprehensive and press closer to residents’
travel mode in daily life. As the origin place of residents’ most travel trips, the built environment of
neighborhoods needs more specific research. Secondly, relative studies mostly concentrate on travel
overall or commuter travel, while studies that classify travel types by travel purposes are limited.
Thirdly, due to the different economy developing levels, different urban construction conditions
and different national conditions, some conclusions may not be universal. In addition, due to the
similarities and differences of local characteristics, sample selection and establishment of analytical
models, the related quantitative research results may not be consistent.

Compared with the previous studies, the main contributions of this study are followed:

e Focusing on a different level of the analysis. Compared to the macro level of metropolis of the
previous studies, this is an empirical study focus on the level of neighborhoods.

e C(Classifying residents’ travel into 3 different types for respective discussion. On account of
different travel purposes, residents’ travel is classified as commuter (go-to-work) travel, utilitarian
(go-to-store) travel and recreational (strolling) travel. The survey questionnaire is designed
corresponding to 3 travel types.

e Conducting a targeted and referential study. The selected research samples are with relatively
high population density and include a certain amount of blocks with gated forms, which are
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distinctive contemporarily in China. Meanwhile, it is referential for many cities with similar
population density, parallel space environment and construction.

2. Methodology and Modeling

This paper takes 15 neighborhoods in the main city of Nanjing as an example to conduct an
empirical study. The travel types are divided into three categories according to the purposes of the
trip: commuter travel, utilitarian travel and recreational travel. The built environment attributes
mainly include three dimensions of land use, road network system and transit facilities. This paper
conducted questionnaire survey and field survey in the sample neighborhoods to obtain data related to
residents’ travel modes, socio-economic attributes and built environment. Correlation analysis model,
multivariate logit regression model and unary linear regression model are applied. Firstly, a bivariate
correlation model is established to analyze the correlation between residents’ travel modes and each
potential influential variable, so that the primary variables influencing travel modes can be screened out.
Secondly, a multivariate logit regression model is established to deeply account for the influence of built
environment attributes on resident’ travel mode. The most significant attributes, which are defined as
key significant attributes, of built environment are further re-screened out from three dimensions of
land use, road network system and transit service. Thirdly, based on the scatter chart of the relationship
between key built environment variables and residents’ travel modes, the recommended values of
the key built environment variables for neighborhoods which are conducive to residents’” low-carbon
travel are proposed according to the linear relationship.

As the following flowchart (Figure 1) shows, the modeling specification includes three steps.

Step 1 Step 2 Step 3
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Figure 1. The flowchart of modeling specification.

Step 1. A correlation analysis model is used to preliminarily screen out the primary significant
attributes. Potential influential attributes which are likely to have an impact on residents’ travel are
numerous and various. To make a primary and comprehensive screen of these potential attributes,
a correlation analysis model is applied. The correlation analysis can be used to measure the relationship
between two continuous variables, and can focus on the intensity and direction of the linear relationship
between the two variables. In this paper, Pearson correlation analysis in SPSS software is applied to
establish the bivariate correlation model which respectively combines the share of low-carbon travel of
three purposes, the share of low-carbon travel overall with the residents” socio-economic attributes
and the built environment attributes. Then the independent variables that have a significant impact on
residents’ low-carbon travel are selected. It also determines whether these significant variables are
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positively or negatively correlated with low-carbon travel. In addition, for these primary significant
attributes, there is no horizontal comparison to identify the most significant attributes.

Step 2. Based on the primary significant attributes in Step1, a multivariate logit regression model is
applied to re-screen out the key significant variables. In statistics, the logit regression can better describe
the influence of different independent variables on the dependent variables. In Step1, the variables
significantly influencing residents” travel mode have been preliminarily screened. However, there may
be some mutual influences among the various significant variables. In order to make horizontal
comparison between significant variables in each dimension and clearly define the key significant
variables in each dimension of built environment, the multivariate logit regression method is used to
conduct analysis for the variables from the dimensions of land use, road network system and transit
service, with the significant socio-economic attributes as covariate variables. Assuming the basic
multivariate logit regression model is:

LN(Pl/Pz) = f(SDl, BEI) = BO + lel + BzXz + .o BiXi + Up, i= 1, 2, 3...... N (1)

In the formula, P /P, represents the odds ratio of the low-carbon travel mode and the motorized
travel mode in the total N trips overall (including commuter travel, utilitarian travel and recreational
travel) of residents surveyed; SD; indicates the socio-economic attribute variables of residents;
BE; represents the variables of the built environment; (3¢ is a constant term and f; 32 ... ... Bi
are coefficients.

Step 3. Based on the key significant attributes in Step 2, a unary linear regression model is used
to propose recommended values for them. In statistics, the linear regression analysis can describe
the relationship between two continuous variables. Besides, the regression equation variables are
estimated in order to achieve the purpose of prediction. In this study, the scatter plot of the share of
low-carbon travel overall and each key significant variable of residential built environment as well
as the linear regression model are used to explore the relationship between the built environment
attributes and residents’ low-carbon travel. Moreover, the recommended values are proposed for the
key significant variables which are conducive to residents” low-carbon travel.

Taking the proportion Pi of the low-carbon travel in commuting travel, utilitarian travel,
recreational travel as well as the overall travel as the dependent variable, the key indicator X; of
the built environment is regarded as the independent variable to establish a linear regression equation.
Assuming the basic linear regression model is:

PiZf(Xi)2[50+BlXi+uO, I=1,2,315 (2)

In the formula, P; represents the share of low-carbon travel in neighborhood i, which is the
dependent variable; X; represents a variable of the built environment of sample neighborhood i,
which is an independent variable; 3 is the constant term; 3 is the coefficient.

3. Design of Survey

3.1. Overview of the Research Area

Nanjing, the capital city of Jiangsu Province, is one of the core cities in the Yangtze River Delta and
the second largest city in the east China after Shanghai (Figure 2). Nanjing has a long history, and it
used to be the capital of China in ten dynasties. Since the founding of the People’s Republic of China,
the urban area of Nanjing has undergone an expanding process of urbanization. In the early days after
the founding of new China, Nanjing still continued its ancient layout. The scope of the urban area was
limited within the Ming City Wall. In the 1990s, the growing population overwhelmed the old city.
In order to alleviate the population pressure, the urban area has grown out of the limitation of the old city
walls. The scope of the urban area is expanding and gradually developing into Longjiang Area, Hexi Area
and Xianlin Area, forming the spatial layout of multi-district development. The construction including
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demolition, reconstruction and renovation of old districts of Nanjing is in parallel, which preserves the
traditional urban fabric to a certain extent and retains some historical features. The construction of the
new urban area is gradually maturing, forming a new urban center and expanding the layout of urban
area. The research area of this study includes the old urban area with traditional urban texture and the
continuously developing new urban area in the past two or three decades.
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Figure 2. The location of Nanjing city in China.

3.2. Selection of Research Sample

In this study, the neighborhoods refer to the areas with different living populations, mainly
including several residential communities. Taking Nanjing as an example, this paper selects the
similar-sized neighborhoods in the main urban areas Xinjiekou, Longjiang and Hexi as the research
samples (Figures 3 and 4), and the number of samples in each area is five. Among the three districts,
Xinjiekou Area is located in the geographical center of Nanjing City. It is constantly updated with the
times while maintaining the characteristics of the traditional blocks and has gradually developed into
an important commercial and financial center with high degree of mixed land use and road network
density. The residential blocks are widely distributed in the age of 1970s, 1980s, 1990s and 2000s,
and most of them are open type. A small number of residential blocks built after 2000 are gated type.
An additional note here is that in China the concept of gated blocks means blocks enclosed by fencings,
walls or other structures, with entrance guard set. Enclosure management is implemented to prevent
people who are not residents living in this gated blocks entering. Gated type has been popular in
blocks in China since 2000. The concept of open blocks means the opposite. Located in the west of the
city wall of the old districts, Longjiang Area was developed in order to alleviate the urban population
pressure caused by the rapid growth of the old city in the 1990s. It is with lower mixed degree of land
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use and road network density compared Xinjiekou. Residential blocks are mostly semi-open mode.
The Hexi Area is located in the southwest of the old city. It is a new city whose construction began
from 2000. Relatively speaking, the urban roads are wide and the living blocks are large in scale and
communities are mostly enclosed. To conclude, the three areas show different spatial forms and the
built environment is different to some extent which meets the requirements of the investigation target.

The scale of sample neighborhoods in the survey is between 0.6 km? and 1.8 km?, and the building
area for residential functions is above 50%. The scope of neighborhoods per unit sample is based on
the natural boundaries of major or minor urban roads, natural boundaries like rivers, and it takes a
10-min walking distance of 800 m and an effective coverage of transit station of 500 m as the reference
for determining the radius of the survey area, of which 500m is based on the definition of relative
measures in the Code for Transport Planning on Urban Road [24].

Figure 4. The location of the research neighborhoods in Nanjing.
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3.3. Content of Survey

The survey mainly includes two aspects. One aspect is survey of residents’ socio-economic attributes
and residents’ travel. The other aspect is survey of the residential built environment attributes.

3.3.1. Residents’ Socio-Economic Attributes and Travel Survey

The research group consisted of 45 undergraduates and graduates. On average, three surveyors
were arranged in each sample neighborhood. In this study, the simple random sampling [25] is applied
for questionnaire survey. In the practice of urban design, when it comes to a huge quantity of research
samples to survey or interview, the simple random sampling is an efficient approach. To minimize
the subjectivity committed during the selection of research object is necessary. Before the conduction
of survey and field research, the group leader had made sufficient explanation to every surveyor
about the task and points worthy of notice, including the selection of research site, the rationalization
of sex proportion and age proportion of the investigated et al. Using the works of Wei et al. [7],
Chen et al. [23] and Handy et al. [26] as reference, the questionnaire was designed and adapted to the
needs of this study. Referring to previously applied questionnaires makes broad considerations
predominating over narrow on data to collect and measures reliability of the collected data by
making comparison of the results with other studies. Random surveys were conducted in the form
of face-to-face interviews. The response of the respondents is recorded according to the option of
multiple-choice questions in the survey questionnaire. Due to the fact that travel behavior of different
purposes tends to occur at different time periods, in order to ensure the diversity and randomness of
the residents surveyed, the survey was conducted in two days, of which one day was selected in good
weather on a normal working day at dusk time, while the other day was selected on the weekend.
The respondents are residents living in these 15 sample neighborhoods, and the questionnaires
were distributed evenly throughout the sample neighborhoods, including front spaces of residential
buildings, entrances of blocks with high visitors flow rate, public space for rest, stores along the street
and so on. The proportionality of survey time period, the diversity of the investigated and the spread
around research sites are the basics of a balanced and randomized survey.

A total of 1800 questionnaires were sent out by the research group (120 in each sample),
and 1622 valid questionnaires were finally sorted out. The questions are the formation of multi-choice,
and the questionnaire includes travel data and basic information of residents.

(1) According to travel purposes, the travel data collection of residents is divided into commuter
travel mode, utilitarian travel mode and recreational travel mode. The most frequently chosen travel
mode is recorded corresponding to different travel purposes. The options of travel modes include
public transit, non-motor vehicles, walking and motor vehicles, and the first three are low-carbon
travel modes.

(2) Data collection of residents’ socio-economic attributes is at both the personal and family level,
including residents’ gender, age, educational level, number of family members, household annual
income status and home vehicle ownership and so on. Groupings of each socio-economic attributes
are set according to some standard. For example, groupings of age are divided into four options.
The 6-18 are juveniles who are not allowed to drive by law. The 19-32 are the youth, most of whom
have not given birth. The 33-60 are the middle-aged, most of whom have given birth. Over 60 are
the aged people, most of whom have retired. Considering that the average income of urban residents
in Nanjing in 2017 is about ¥50,000 [27], groupings of annual household income are divided into
four options, according to families of one person, families of two persons, families of three persons,
and families of four persons.

3.3.2. Research of Built Environment Attributes

In the built environment of neighborhoods, land use, road system and transit facilities may directly
affect residents’ job-housing distance and workplace, the quality of travel environment and travel
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convenience, which further influence residents’ travel modes. In order to examine the relationship
between the built environment of these three dimensions and residents’ travel modes, it requires
selecting the potential variables from the built environment for investigation and survey so as to

prepare the data for subsequent research and analysis. The relevant data are mainly obtained from
Nanjing topographic maps and land use status available from Nanjing Urban Planning Compilation
and Research Center, and combined with the field observations and measurements.

(1) The data of land use dimension are collected from the three variables: the mixed degree of

land use, floor space ratio and building coverage.

Mixed degree of land will be related to residents’ job-housing distance, daily utilitarian, recreational
travel distance and other aspects. We classify building functions into four types: residential
buildings, administrative and public service buildings, commercial and business facilities,
and business office buildings. The calculation formula is shown as follows [11,28,29]:

— Y k-1 Pxi In(Py;)

Landusemixi = In(K, 1)

®)

In the formula, K represents the number of land use types in neighborhood i, and Py ; stands for
the floor area proportion of the Kth land use type in neighborhood i. High value often indicates
the high mixed degree of land use.

Floor space ratio. It is the indicator that reflects the intensity of land use, which is calculated as:

San
Floor space ratio = 24 4
Sn,i

In the formula, Sy, ; represents the total building floor area in neighborhood i, and S, ; stands for
the area of neighborhood i.

Building coverage. The formula is:

Building coverage = Sébd’i ®)

n,i

In the formula, Spq ; represents the gross building area in neighborhood i, and S,, ; stands for the
area of neighborhood i.

(2) In terms of the road network system dimension, data are collected from three variables:

the road network connectivity, road network density, and road area ratio.

Road network connectivity is used to measure the accessibility of roads. There are different ways
to calculate this index [30]. This paper refers to the method used by Wei [7], which marks the
crossing intersection 0.8, “T” crossing 0.6 and end crossing 0.2. The formula is:

W

C, i
Sn,i

Road network connectivity = (6)
In the formula, S.; represents the total scores of the crossings, and Sy, ; stands for the area of
neighborhood i.
Road network density reflects the overall accessibility of the road and the degree of density,
which is calculated as: L

Road network density = S—l (7)

n,i

In the formula, L; represents the total length of the road in neighborhood i, and S, ; stands for the
area of neighborhood i.
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e  Road area ratio refers to the ratio of road area to neighborhood within its range, which is calculated as:

. Sa,i
Road area ratio = —

: 8
n,i

In the formula, S, ; represents the road area in neighborhood i, and Sy, ; stands for the area of

neighborhood i.

(3) In transit facilities dimension, data of the variable transit station coverage are collected.

e the transit station coverage is selected to measure the distribution of public facilities and service
levels, which is calculated as follows:

Stsc, i

S, )

Transit station coverage =

In the formula, Sy ; represents the transit station service coverage area in neighborhood i, and Sy, ;
stands for the area of neighborhood i. In this research, public transport stations include bus stops
and rail transit stations. The 300-m and 500-m radius are considered as the yardstick of the service
range of bus stops in the Code for Transport Planning on Urban Road [24]. Considering that most of
the blocks in China are gated type and the block size is too large, this study selects 300 meters as a
measure of the coverage radius. Taking the actual road network morphology around the station site
into consideration, GIS tools are used for calculating this variable.

4. Data Statistics and Preliminary Analysis

4.1. Residents’ Travel Data

In order to carry out a more complete and detailed description of the residents’ travel, this paper
divides the residents’ travel into three types according to different purposes, including commuter
travel, utilitarian travel and recreational travel. In the questionnaires, questions and options are set
for different travel modes under each travel purpose. After the statistics of collected questionnaires,
the number of residents choosing low-carbon travel modes is calculated in each sample neighborhood
corresponding to each travel purpose. For each travel purpose, dividing the number of low-carbon
travel residents by the total quantity of the collected questionnaires, equals to the share of low-carbon
travel of commuter travel Pcr, utilitarian travel Pyt and recreational travel Pry. Likewise, dividing
the number of residents’ choosing low-carbon travel modes of three travel types totally by the total
quantity of trips of three travel types equals to the share of low-carbon travel overall Pot, accounting
for the overall travel.

Based on the preliminary statistics, the statistical histograms of the proportion of low-carbon
travelers under three travel purposes in 15 sample neighborhoods of three areas, are shown as follows
(Tables 1 and 2, Figure 5a,b).

Tables 1 and 2 show that no matter what the purpose of travel is or the overall travel,
the descending order of the share of low-carbon travel in three major areas is Xinjiekou Area, Longjiang
Area and Hexi Area. This shows that there may be some potential variables among the socio-economic
attributes of different groups of residents and different built environment that have some impact on
residents’ travel mode, which also illustrates the significance of choosing sample from these 3 different
areas. It is noteworthy that the share of low-carbon travel in Xinjiekou Area reached a relatively high
level, above 80%. According to the official data in Nanjing Transport Annual Report 2015, the share
of residents who choose low-carbon travel modes in main districts in Nanjing is about 82.9% [31],
as Figure 6 shows. The residents’ travel data of this study is close to the official data and is credible to
some extent.
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Table 1. Share of low-carbon travel residents of three areas.

11 of 26

Area Commuter Travel Utilitarian Travel Recreational Travel Overall Travel
Xinjiekou 0.853 0.861 0.808 0.842
Longjiang 0.756 0.821 0.738 0.769

Hexi 0.669 0.778 0.721 0.724

Table 2. Share of low-carbon travel residents of 15 neighborhoods.
Neighborhood = Commuter Travel Utilitarian Travel Recreational Travel Overall Travel

NO. 1 0.830 0.856 0.750 0.813

NO.2 0.925 0.892 0.908 0.911

NO.3 0.805 0.788 0.742 0.803

NO. 4 0.867 0.925 0.833 0.858

NO.5 0.836 0.843 0.809 0.827

NO. 6 0.842 0.867 0.798 0.830

NO.7 0.532 0.743 0.664 0.650

NO. 8 0.733 0.800 0.603 0.736

NO.9 0.804 0.887 0.841 0.810

NO. 10 0.867 0.808 0.782 0.819
NO. 11 0.533 0.764 0.682 0.661
NO. 12 0.704 0.813 0.807 0.777
NO. 13 0.792 0.755 0.642 0.732
NO. 14 0.690 0.839 0.776 0.770
NO. 15 0.624 0.718 0.700 0.679
1
08 il
06
04
0_2 - - -
0
Xinjiekou Longjiang Hexi
area area area

B commuter travel M shopping travel

[ recreational travel M overall travel

3 4% S 6#  TH#  B# 9% 10# N#  12#
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13# 14# 154

M overall travel

Figure 5. (a) Share of low-carbon travel residents of three areas; (b) Share of low-carbon travel residents

of 15neighborhoods.
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Figure 6. Proportion of residents’ travel mode in main districts in Nanjing 2014.

4.2. Residents’ Socio-Economic Attributes Data

12 of 26

Tables 3 and 4 show the proportions of residents’ socio-economic attributes in 15 sample
neighborhoods and three areas. The data of each attribute are classified by area and the preliminary
statistics are made (Figure 7). Figure 7a,b shows that the gender proportion and age proportion of
residents surveyed in three areas are similar to each other, and the gender proportion is close to 1:1,
the proportion of people aging from 19-32 and 33-60 accounted for 50% and 35% respectively. It can
be seen from Figure 7c,e f that among the residents surveyed, the educational level, annual household
income and family car ownership in Hexi Area are generally higher than those in Longjiang Area
and Xinjiekou Area. Figure 7d shows that the population of each family of the three areas is close to
each other. Among them, families of two people account for a large proportion in Hexi Area, which is
probably because it is located in CBD where there are more young people.
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Figure 7. (a) Proportion of surveyed residents’ sex of three areas; (b) Proportion of surveyed residents’

age of three areas; (c) Proportion of surveyed residents” educational attainment; (d) Proportion of

surveyed residents’ family population; (e) Proportion of surveyed residents” annual household income;

(f) Proportion of surveyed residents’ car ownership.

Table 3. Proportion of the of the surveyed residents’ socio-economic attributes of 15 neighborhoods.

Sex Ratio Age Ratio Educational Attainment Ratio
Neighborhood Junior High Senior Junior Master or
Male Female 6to18 19to32 33 to 60 Over 60 School or High College or Ab
ove
Below School College
NO.1 48% 52% 12% 41% 31% 17% 15% 18% 56% 11%
NO.2 48% 52% 2% 50% 44% 4% 6% 22% 60% 12%
NO.3 51% 49% 6% 48% 43% 3% 7% 24% 61% 8%
NO.4 50% 50% 11% 64% 23% 2% 6% 19% 67% 8%
NO.5 57% 43% 7% 63% 29% 1% 7% 14% 71% 8%
NO.6 52% 48% 5% 57% 32% 6% 9% 21% 68% 2%
NO.7 49% 51% 6% 57% 29% 8% 13% 17% 58% 12%
NO.8 49% 51% 9% 57% 24% 10% 0% 18% 71% 11%
NO.9 47% 53% 8% 53% 31% 8% 12% 26% 58% 4%
NO.10 52% 48% 11% 52% 32% 5% 10% 18% 64% 8%
NO.11 48% 52% 6% 52% 34% 8% 6% 15% 65% 14%
NO.12 54% 46% 2% 51% 40% 7% 8% 17% 56% 19%
NO.13 54% 46% 6% 43% 39% 12% 2% 24% 63% 12%
NO.14 55% 45% 6% 41% 31% 22% 14% 16% 62% 8%
NO.15 41% 59% 13% 48% 32% 7% 5% 25% 64% 6%

Table 4. Proportion of the of the surveyed residents’ socio-economic attributes of 15 neighborhoods.

Family Population Ratio Annual Household Income Ratio Car Ownership Ratio
Neighborhood ¥50,000 or  ¥50,000 to ¥100,000 to ¥200,000

1 2to3 3orMore  “poow  ¥100000  ¥200000  orAbove 0 1 ZzorMore
NO.1 0%  49% 51% 15% 39% 27% 19% 32% 55% 13%
NO.2 3%  52% 45% 4% 27% 50% 19% 22%  58% 20%
NO.3 1% 59% 50% 6% 30% 53% 11% 21%  69% 10%
NO.4 2%  56% 42% 4% 32% 50% 14% 20%  60% 20%
NO.5 0%  44% 56% 12% 28% 44% 16% 31% 60% 9%
NO.6 1% 42% 57% 10% 48% 37% 5% 28% 59% 13%
NO.7 0%  47% 53% 8% 39% 35% 18% 34% 50% 16%
NO.8 5%  44% 51% 7% 31% 51% 11% 28%  59% 13%
NO.9 2%  51% 47% 6% 22% 45% 27% 37% 46% 17%
NO.10 2%  54% 44% 15% 30% 32% 23% 29% 61% 10%
NO.11 1% 56% 43% 5% 28% 35% 32% 17% 64% 19%
NO.12 4%  63% 33% 7% 27% 33% 33% 18% 62% 20%
NO.13 2%  71% 27% 4% 19% 45% 32% 24% 57% 19%
NO.14 3%  39% 12% 8% 28% 44% 20% 26% 61% 13%
NO.15 4%  52% 44% 5% 29% 41% 25% 16% 66% 18%
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4.3. Built Environment Characteristic Data of Neighborhoods

Figure 8 is topographic maps of 15 neighborhoods, which shows the space forms of them.
Tables 5-7 are the statistics of built environment characteristic variables of neighborhoods in Xinjiekou
Area, Longjiang Area and Hexi Area. In the dimension of land use, the average values of the three
variables, land use mix, floor space ratio and building coverage are arranged in descending order of
Xinjiekou Area, Longjiang Area and Hexi Area. In the dimension of road network system, the average
valuse of road network connectivity and road network density in Xinjiekou is higher than that in
Longjiang Area, which is higher than that in Hexi. There is not so much difference of the road area
ratio in these three areas. In the dimension of transit facilities, the average coverage of transit stations
in Hexi Area is the largest. The average value of Xinjiekou Area and Longjiang Area is close to each
other, and the distribution of transit stations in each sample area is fine. The average transit coverage
with the radius of 300 m in these three areas is more than 73% (Figure 9).

The data show that there are considerable differences in the built environment attributes of the
three areas, which may be related to the location of cities, the construction and the planning concepts
at that time: Xinjiekou Area is located in Nanjing City Center with high population density, compact
land use and well-equipped with commercial, office and public service facilities. The continued road
network construction largely preserves the traditional urban fabric with relatively narrow roads and
small-scale neighborhoods. The transit facilities are complete. Longjiang Area is developed and built
to relieve the pressure of population growth in the old city. The intensity of land development is
enhanced and the proportion of residential functions is increased. Most of the residential buildings are
the form of multi-storey residential building and the form of tower-type high-rise residential building.
Compared with the Xinjiekou Area, the road area ratio of Longjiang Area is close and the width of
road network is widened. Meanwhile, the road network density is reduced and the block size is also
relatively larger. There are convenient public transport facilities in this area. Hexi Area is the new
city planned in the 2000s. The building form is mainly high-rise and super-high-rise. So the buildings
cover relatively small areas. For example, the average density of the surveyed buildings is only 16%.
The road planning is inclined to be ‘auto-oriented’ so the road is extremely wide. The average width of
NO.11 Neighborhood is up to 37.2 m, coupled with the correspondingly low road network density
and large-scale blocks. The transit facilities are relatively accessible.

Bielgh o 14 21 3% e 54
ood

Topographic
maps

Neighbor-
hood

Topographic
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Neighbor-

head 11# 128 13# 14# 15#

Topographic
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Figure 8. Topographic maps of 15 neighborhoods.
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Table 5. Variables of the of the built environment attributes of 5 neighborhoods in Xinjiekou Area.

15 of 26

Land Use Dimension

Road Network System Dimension

Transit Facilities

. Neighborhood Dimension
Area Neighborhood 2 - —
Area (km®) Mixed Degree of  Floor Space Building Road Network Road Network Road Area Coverage of the
Land Use Ratio Coverage (%)  Connectivity (Scores) Density (km/km?) Ratio (%) Transit Station (%)
1# 117 0.864 2.55 27.0% 57.4 155 40.0% 84.7%
2# 1.66 0.912 1.22 26.0% 35.2 12.0 30.0% 54.6%
Xin-jiekou 3# 0.87 0.889 2.05 32.0% 42.3 13.6 34.0% 92.5%
4# 1.10 0.844 2.29 38.0% 48.4 15.1 31.0% 65.5%
S5# 1.23 0.788 211 32.0% 32.2 11.9 28.0% 75.0%
Mean 1.21 0.859 2.04 31.0% 43.1 13.6 33.0% 75.0%
Table 6. Variables of the of the built environment attributes of 5 neighborhoods in Longjiang Area.
Land Use Dimension Road Network System Dimension Tran.51t Fac.l lities
. Neighborhood Dimension
Area Neighborhood 2
Area (km®) Mixed Degree of  Floor Space Building Road Network Road Network Road Area Coverage of the
Land Use Ratio Coverage (%)  Connectivity (Scores) Density (km/km?) Ratio (%) Transit Station (%)
o# 0.90 0.667 1.80 26.0% 27.3 12.20 34.0% 60.0%
7# 1.19 0.425 119 24.0% 15.6 8.70 31.0% 73.4%
Long-jiang 8# 1.36 0.650 1.44 32.0% 23.5 10.60 29.0% 69.4%
o# 0.89 0.584 1.42 26.0% 14.2 8.30 33.0% 86.5%
104 1.73 0.676 1.47 26.0% 18.8 8.40 23.0% 85.5%
Mean 121 0.600 1.46 27.0% 199 9.60 30.0% 75.0%
Table 7. Variables of the of the built environment attributes of 5 neighborhoods in Hexi Area.
Land Use Dimension Road Network System Dimension Tran.SIt Fac.l lities
. Neighborhood Dimension
Area Neighborhood 2 . a1
Area (km®) Mixed Degree of  Floor Space Building Road Network Road Network Road Area Coverage of the
Land Use Ratio Coverage (%)  Connectivity (Scores) Density (km/km?) Ratio (%) Transit Station (%)
11# 1.59 0.499 2.55 17.0% 10.4 7.5 28.0% 93.1%
12# 1.06 0.588 1.22 21.0% 12.6 7.8 26.0% 80.8%
Hexi 13# 1.26 0.688 2.05 14.0% 18.0 9.9 35.0% 64.9%
14# 1.04 0.317 2.29 15.0% 14.8 8.9 32.0% 100.0%
15# 0.66 0.549 211 15.0% 179 9.5 31.0% 72.4%
Mean 1.12 0.528 2.04 16.0% 14.7 8.7 30.0% 75.0%




Sustainability 2018, 10, 823 16 of 26

Neighbor-
hood

Coverage
of transit
station

Neighbor-
hood

Coverage
of transit
station

Neighbor-

hood 11# 124 13# 14# 15#

Coverage
of transit
station

l:l 100m [:] 300m E 500m Transit station =~ === Road network

Figure 9. Coverage of transit station of 15neighborhoods.

From the 1970s to the 2000s, the neighborhood construction in Nanjing urban area showed a
basic trend of more mixed land use and decreasing building densities. The road area ratio did not
change much, but road connectivity and road network density gradually decreased and road width
was increasing observably.

5. The Correlation Analysis of Various Influencing Factors and Residents” Low-Carbon Travel

Pearson correlation analysis in SPSS software is used to establish the bivariate correlation model
which respectively combines the share of low-carbon travel of three purposes, the share of low-carbon
travel overall with the residents” socio-economic attributes and the built environment attributes.
The independent variables are divided into two categories. One is residents’ socio-economic attributes
and the other is the built environment of sample neighborhoods. The dependent variables are the
share of residents” low-carbon travel modes for commuter travel, utilitarian travel, recreational travel
and overall travel, respectively Pct, Pyt, PrT, PoOT.

5.1. Variables of Residents’ Socio-Economic Attributes

The results of the analysis of the correlation between the share of low-carbon travel and the
variables of residents’ socio-economic attributes are shown in Table 8.
By comparison, it can be found that:

e Residents in the age group of 33 to 60 are less inclined to choose low-carbon travel, that is,
middle-aged people may choose to use the car as travel mode.

e  Residents with lower education level and lower income account for a higher share of low-carbon
travel, which is mainly due to the relatively limited choices of travel mode.

e  Family car ownership is a significant independent variable. No matter for the commuting travel,
utilitarian travel or recreational travel, families with one car are more likely to travel by car.
For commuting trips, families with more than two cars are more likely to choose cars as the travel
mode, while for other purposes, the impact of this variable on the choice of travel modes is not
clearly characterized. Families without cars undoubtedly become practitioners of low-carbon travel.
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Table 8. The bivariate correlation model for share of residents” low-carbon travel and residents’ socio-economic attributes.

Commuter Travel Utilitarian Travel Recreational Travel Overall Travel

Residents’ Socio-Economic Attributes

Correlation Si Correlation Si Correlation Si Correlation Si
Coefficient 8 Coefficient 8 Coefficient 8 Coefficient 8
Sex rati male 0.138 (—0.623) —0.054 (0.849) —0.054 (0.849) 0.068 (0.809)
ex ratio female —0.138 (0.623) 0.054 (0.849) 0.054 (0.849) —0.068 (0.809)
6 to 18 0.403 (0.136) 0.228 (0.414) 0.228 (0.414) 0.330 (0.230)
Ace ratio 19 to 32 0.414 (0.125) 0.447 (0.095) 0.447 (0.095) 0.402 (0.137)
& 33 t0 60 —0.579 (0.024 %) —0.673 (0.006 **) —0.673 (0.006 **) —0.630 (0.120)
over 60 —0.041 (0.884) 0.154 (0.583) 0.154 (0.583) 0.047 (0.869)
junior high school or below 0.452 (0.091) 0.583 (0.023 %) 0.583 (0.023%) 0.653 (0.008**)
Educational senior high school —0.052 (0.854) —0.081 (0.775) —0.081 (0.775) —0.145 (0.605)
attainment ratio junior college or college 0.045 (0.874) —0.143 (0.610) —0.143 (0.610) —0.149 (0.597)
master or above —0.384 (0.158) —0.263 (0.343) —0.263 (0.343) —0.301 (0.275)
Earmil i 1 —0.509 (0.053) —0.302 (0.274) —0.302 (0.274) —0.473 (0.075)
amily population 2t03 0.349 (0.203) —0.387 (0.154) —0.387 (0.154) —0.405 (0.135)
ratio over 3 —0.573 (0.026 %) 0.347 (0.205) 0.347 (0.205) 0.512 (0.051)
¥50,000 or below 0.632 (0.012 %) 0.427 (0.113) 0.427 (0.113) 0.675 (0.006 **)
Annual household ¥50,000 to ¥100,000 0.302 (0.274) 0.487 (0.066) 0.487 (0.066) 0.444 (0.097)
income ratio ¥100,000 to ¥200,000 —0.204 (0.465) —0.159 (0.570) —0.159 (0.570) —0.355 (0.194)
¥200,000 or above —0.278 (0.316) —0.315 (0.253) —0.315 (0.253) —0.252 (0.364)
0 0.852 (0.000 **) 0.685 (0.005 **) 0.685 (0.005 **) 0.840 (0.000 **)
Car ownership ratio 1 —0.540 (0.038 %) —0.564 (0.029 *) —0.564 (0.029 *) —0.548 (0.034 %)
2 or over —0.560 (0.03%) —0.174 (0.535) —0.174 (0.535) —0.435 (0.105)

Significance (* = 5%, ** = 1%).
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5.2. Variables of Residential Built Environment

The analysis of the correlation between the share of low-carbon travel and the built environment
variables (as shown in Table 9) is carried out.
The analysis results of different travel purposes have some similarities and differences.

e In the dimension of land use, @ the share of residents’ low-carbon travel for commuting is
significantly and positively correlated with the mixed degree of land use, floor space ratio and
building coverage. (2 For residents’ utilitarian travel, higher mixed degree of land use value
and higher building coverage value could promote residents to choose low-carbon travel mode,
while floor space ratio has no significant influence on residents’ travel mode.

e Inthe dimension of road system, () road connectivity and road network density have a significant
impact on residents’ low-carbon travel, and the greater the two indexes are, the more they can
promote residents’ low-carbon travel. 2) The correlation between the road area ratio and residents’
travel mode is not significant. The reason may be that the sample areas selected in this study have
little difference in road area ratio, so it is difficult to determine whether the changes will affect the
travel mode of residents.

e In the dimension of the transit service, the correlation between the coverage of transit station
and residents’ travel mode is insignificant for any purpose of travel, which is different from
the preconception of the study and researchers” understanding. This result may be due to the
fact that the average coverage of the three areas with the radius of 300 m reaches above 73%.
The number and distribution of transit station are appropriate and the differences between the
areas are relatively small.

In addition, during the questionnaire survey, residents were found to do diverse recreational
activities, and the distances to destinations for recreation vary from each other. Moreover, this study
considered mainly the impact of origin place’s built environment on travel mode, while destination
place’s built environment may play a part either. So in this study, the recreational travel mode did not
show much significant correlation with variables. We will keep focusing on this problem for further
research in a followed-up study.

Overall travel is a comprehensive manifestation of the three purposes of travel. For overall travel,
there is no positive or negative change in coefficients of each variable of the results compared to three
travel types, while the significance has a slight decrease. In addition, it is a more comprehensive
and balanced result. According to Table 9, the variables of the built environment attributes in
neighborhoods are selected, which have significant influence on residents” low-carbon travel overall:

e In the dimension of land use, there is a significant positive correlation between the two variables,
mixed degree of land use and building coverage and residents’ low-carbon travel, while the
correlation between floor space ratio and residents’ travel is insignificant.

e Interms of the dimension of road network system, road connectivity and road network density
are significantly positively correlated with residents’” low-carbon travel.
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Table 9. The bivariate correlation model for share of residents” low-carbon travel and built environment attributes.

Commuter Travel Utilitarian Travel Recreational Travel Overall Travel
Built Environment Attributes Correlation Si Correlation Si Correlation Si Correlation Si
Coefficient 8 Coefficient 8 Coefficient 8 Coefficient 8
Land mixed degree of land use 0.739 (0.002 **) 0.537 (0.039 *) 0.373 (0.172) 0.699 (0.004 **)
d,a“ use floor space ratio 0.558 (0.031 %) 0.491 (0.063) 0.193 (0.491) 0.443 (0.098)
IMension building coverage 0.563 (0.029 *) 0.645 (0.009 **) 0.328 (0.233) 0.565 (0.028 *)
road network " " *
Road network connectivity 0.600 (0.018 *) 0.571 (0.026 %) 0.204 (0.467) 0.588 (0.021 %)
system dimension road network density 0.604 (0.017 %) 0.560 (0.030 *) 0.132 (0.639) 0.566 (0.028 %)
road area ratio 0.157 (0.577) 0.160 (0.568) 0.101 (0.720) 0.059 (0.853)
Transit facilities coverage of the —0.261 (0.347) ~0.095 (0.737) —0.068 —(0.810) ~0.095 (0.737)
dimension transit station

Significance (* = 5%, ** = 1%).
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6. The Key Significant Variables of the Built Environment

Based on the 4866 travel trips in total (consisting of commuter travel, utilitarian travel and
recreational travel), taking the odds ratio of the low-carbon travel mode and the motorized travel
mode as the dependent variable, taking the built environment variables as the independent variables,
with residents’ socio-economic attributes as concomitant variables, the multivariate logit regression
model is established. The regression results are as shown in Tables 10 and 11.

Table 10. The multivariate logit regression model for residents overall travel in land use dimension.

Beta  Standard Error Wald Sig Odds Ratio
mixed degree of land use  1.664 0.381 19.092 (0.000 **) 5.278
Land use Floor space ratio 0.150 0.148 1.022 (0.312) 0.861
dimension
building coverage 1.583 0.957 2.737 (0.098) 4.868
junior high school degree ;- 0.196 6.937  (0.008 **) 1.674
or below
So‘zg;fgfl‘t‘eosmm car ownership —0.868 0.074 135.794  (0.000 **) 0.420
annual household income
¥50,000 or below 0.220 0.205 1.159 (0.282) 1.246
constant 0.902 0.198 20.695 (0.000 **) 2.466

Significance (* = 5%, ** = 1%).

Table 11. The multivariate logit regression model for residents overall travel in road network
system dimension.

Beta  Standard Error Wald Sig Odds Ratio
Road network road network 0.004 0.001 9.704  (0.002**) 1.004
system connectivity
dimension road network density 0.130 0.064 4.146 (0.042 %) 1.139
junior high school degree , 0.174 5531 (0.000 **) 1.504
or below
Socio-economic car ownership —0.680 0.166 16.690  (0.000 **) 1.974
attributes
annual household income o
¥50,000 or below 0.903 0.060 226.857 (0.000 **) 0.405
constant 2.542 0.395 41.385 (0.001 *¥) 12.711

Significance (* = 5%, ** = 1%).

In the dimension of land use, except for the mixed degree of land use, the other variables are
not significantly related to the modes of residents’ travel. This indicates that in combination with the
variables of socio-economic attributes that significantly affect residents’ travel, among the land use
variables, the mixed degree of land has the highest impact on the travel mode of residents. The higher
the mixed degree of land is, the more it can promote the low-carbon travel of residents.

In the dimension of road network system, the analysis result shows that combined with residents’
socio-economic attributes, road network connectivity and road network density have significant
correlation with residents’ travel mode, both of which have a greater impact on residents’ travel modes
and the correlation is positive.

7. Estimation of the Recommended Value of the Key Significant Variables of Built Environment

Sections above have screened out the key variables of the built environment affecting the modes
of residents’ travel: the mixed degree of land use, road network connectivity and road network density.
The following scatter plots of the share of low-carbon travel overall and the key variables of the built
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environment of neighborhoods, as well as the linear regression model are used to explore in depth
the relationship between the key significant attributes of built environment and residents” low-carbon
travel. Figures 10-12 respectively show the scatter plot of the mixed degree of land use, road network
connectivity, road network density and residents” share of low-carbon travel. According to the trend
line drawn by scattered points, there may be some linear relationship between the three variables
of the built environment and the share of residents” low-carbon travel. Therefore, linear regression
equations are established to determine whether the regression results are significant.

7.1. Land Use Dimension: Mixed Degree of Land Use

The regression results of the share of the low-carbon travel for different purposes and the mixed
degree of land use are shown in Table 12. Combined with Figure 10, with the confidence level of 95%,
the increase in the mixed degree of residential land could significantly promote residents to choose
low-carbon travel for commuting travel, utilitarian travel and overall travel.
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Figure 10. Relationship between residents” low-carbon travel overall and mixed degree of land use.

Table 12. The liner regression model for residents’ low-carbon travel and mixed degree of land use.

Travel Type R? Coefficient  Constant Sig.
overall travel 0.425 0.281 0.593 (0.04 **)
commuter travel 0.599 0.478 0.739 (0.02 **)
utilitarian travel 0.202 0.183 0.537 (0.039 *)
recreational travel 0.139 0.178 0.373 (0.172)

Significance (* = 5%, ** = 1%).

It can be considered that, with the other variables unchanged, a 0.1 increase in the mixed degree
of land use may lead to the increase of 2.81% in the share of low-carbon travel overall, of 4.78% in
commuting travel, and of 1.83% in utilitarian travel. However, in this study, the mixed degree of land
use has no significant influence on the modes choice for residents’ recreational travel.

Assuming other influential variables remain unchanged, the linear regression equation for
the share of low-carbon travel in the overall travel Por and mixed degree of land use Xpix is:
Pot = 0.281Xpix + 0.593.

The equation implies that, with other influential variables unchanged, the increase of 0.1 in the
mixed degree of land use will lead to the growth of 2.81% of the share of residents’ low-carbon travel
in neighborhood.
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In this study, 80% of the low-carbon travel is regarded as a measure of low-carbon travel-oriented
neighborhoods, and selection of the measure 80% is due to two reasons. First, it is with reference to the
share of low-carbon travel in Hong Kong. Hong Kong has a dense population and a compact urban
form. It is one of the representative cities for sustainable development in the world. According to
the statistics of Hong Kong’s Transport Department, Hong Kong’s daily travel share of low-carbon
transport is as high as 90% [32]. Second, the survey results of this empirical study show that the
average share of low-carbon neighborhoods in Xinjiekou Area exceeds 80%, reaching a relatively
high level, which is related to its traditional urban texture and relatively short of parking spaces.
However, there is still a big gap between the share of low-carbon travel in other areas and Xinjiekou
Area. Compared with Hong Kong, the gap is even greater. Based on the specific conditions of Nanjing
city, this paper selects 80% of the low-carbon travel as the current measurement.

Put Pot = 80% into the equation and obtain the corresponding mixed degree of land use of 0.736,
so it is recommended that the mixed degree of land use for low-carbon travel-oriented neighborhoods
should be above 0.736.

7.2. Road Network System Dimension

(1) Road network connectivity

The results of the linear regression of residents’” low-carbon travel and road network connectivity
under different travel purposes are shown in Table 13. Combined with Figure 11, under the
95% confidence level, the improved road network connectivity has significant impact on residents’
choice of the low-carbon travel mode for commuting travel, utilitarian travel and overall travel, with a
relatively higher influence on the overall travel.
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Figure 11. Relationship between residents’ low-carbon travel overall and road network connectivity.

Table 13. The liner regression model for residents’ low-carbon travel and road network connectivity.

Travel Type R? Coefficient ~ Constant Sig.
overall travel 0.345 0.003 0.699 (0.021 *)
commuter travel 0.361 0.002 0.601 (0.018 *)
utilitarian travel 0.256 0.002 0.506 (0.044 %)
recreational travel 0.184 0.002 0.289 (0.296)

Significance (* = 5%).
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For every 1-point increase in the road network connectivity while maintaining the other variables
of impact, the share of low-carbon travel overall increases by 0.3%, while the share of low-carbon
travel in commuting and utilitarian increases by 0.2%. In this research, the road network connectivity
also has no significant impact on the recreational travel.

It is still assumed that the other influencing factors remain unchanged, and the linear regression
equation for determining the share of residents” low-carbon travel overall Pot and the connectivity of
residential roads X is as follows: Por = 0.003X; + 0.699.

The equation implies that for every 1-point increase in the road network connectivity, the share of
low-carbon travel of residents living in neighborhoods will increase by 0.3% when other influential
variables remain unchanged. Taking 80% of low-carbon travel as the measure of low-carbon travel
oriented neighborhood, substitute Por = 80% into the equation and obtain the corresponding road
connectivity value of 33.7 points. Therefore, it is recommended that the road network connectivity of
low-carbon travel-oriented neighborhood is more than 33.7 points.

(2) Road network density

The linear regression results of the share of low-carbon travel in neighborhoods and the residential
road network density under different travel purposes are shown in Table 14, combined with the scatter
Figure 12.
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Figure 12. Relationship between residents’ low-carbon travel overall and road network density.

Table 14. The liner regression model for residents’ low-carbon travel and road network density.

Travel Type R? Coefficient  Constant Sig.
overall travel 0.321 0.016 0.607 (0.028 *)
commuter travel 0.357 0.028 0.598 (0.019 %)
utilitarian travel 0.251 0.012 0.501 (0.057)
recreational travel 0.158 0.008 0.241 0.387

Significance (* = 5%).

It can be considered that under the 95% confidence level, the increased residential road network
density has significant impact on residents’ low-carbon travel overall and the choice of low-carbon
travel modes on commute travel, with relatively higher influence on commute travel: for a 1 km/km?
increases in the residents’ road network density while the other influential variables remain unchanged,
we see a 1.6% increase in the share of low-carbon travel overall, 2.8% increase in that of commuting



Sustainability 2018, 10, 823 24 of 26

travel, and 1.2 % increase in that of utilitarian travel. The residential road network density also shows
no significant influence on recreational travel.

Still assuming other factors remain unchanged, the linear regression equation for determining
the share of low-carbon travel of residents Por and the residential road network density X4 is:
Por =0.016X,q + 0.607.

The equation implies that under the overall travel, for every increase in residential road network
density of 1 km/km?, the share of residents’ low-carbon travel increases by 1.6%. Taking 80% of low-carbon
travel as the measure of low-carbon travel-oriented neighborhood, substitute Por = 80% into the equation
to obtain the corresponding road network density value of 12.1 km/km?. Therefore, it is recommended
that the road network density of low-carbon travel-oriented ¢ neighborhood is above 12.1 km/km?.

Based on the analysis above, it can be considered as follows:

e  For different travel purposes for residents, the built environment variables have different impacts
on the share of low-carbon travel in neighborhoods, and the optimization of built environment
variables should be based on the types of travels. It is necessary to clear out the characteristic of the
target neighborhood, and then put forward targeted design guide or suggestions for improvement.

e This study focuses on the impact of the built environment of origin-neighborhood on travel.
As destinations and trip distances of the surveyed residents’ recreational travel vary from each
other, the research on the influential factors of residents’ recreational travel mode can be further
incorporated into the contents of the destination environment and travel distance.

e In order to build low-carbon travel oriented neighborhood, it is recommended that in the
dimension of land use, the mixed degree of residential land use should be higher than 0.736.
In the dimension of road network system, the recommended value of road network connectivity
is above 33.7 points, and the density of road network is recommended to be above 12.1 km/km?.

8. Conclusions

With the growth in automobile inventory and use yearly, environment pollution, energy
consumption and urban transport problems have brought severe challenge for social development.
Many researchers have conducted studies of urban planning and traffic design, aimed at reducing the
emission of CO, and alleviating the traffic jam. With the purpose of proposing suggestions for the
construction of low-carbon travel neighborhood, this study takes Nanjing as the study area. From the
neighborhood level, it provides additional insights into the linkages between built environment
and residents’ travel mode. Based on the survey and data collection of residents’ travel, residents’
socio-economic attributes and built environment attributes, a correlation analysis model, a multivariate
logit regression model and an unary linear regression model are successively applied. For the
consideration that potential variables are numerous and vary from different aspects, it is necessary to
apply more than one kind of model and to twice screen out the key significant variables.

The results show that residents’ socio-economic attributes and residential built environment
attributes both have influences on residents’ travel mode. In addition, the influence of each variable on
residents’ travel may vary from different purposes of travel. Specifically, from the aspect of residents’
socio-economic attributes, age, educational attainment, annual household income and car ownership
are significant for influence on residents’ travel mode. Built environment attributes are classified
into three dimensions of land use, road network system and transit service. An increase in the share
of low-carbon travel is positive correlation with variables of mixed degree of land use, floor area
ratio, building coverage, road network connectivity and road network density. For urban planning,
neighborhood construction is supposed to be denser, more mixed land use, higher road network
density and road network connectivity. Moreover, among the residential built environment attributes,
mixed degree of land use, road network density and road network connectivity are key significant
attributes, which influence residents’ travel mode most. Accordingly, relevant planning and policy
formulation call for more concentration on these three variables. Furthermore, based on the significant
linear relationship between residents’ travel mode and this 3 variables, recommended values of these
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3 variables are proposed for the construction of low-carbon travel oriented neighborhood: the mixed
degree of land use recommended to be over 0.736, road network connectivity recommended to be over
33.7 and road network density recommended to be over 12.1 km/km?.

This study is an empirical study of the urban area of Nanjing, indicating the significant correlation
between built environment variables and residents’ travel mode. The results of this study are referential
especially for neighborhoods which are with high population density, with relatively large-scale blocks
and gated or semi-gated type in developing countries. However, it needs to be clarified that the research
in this paper may produce different research conclusions compared with other regions, and still needs
to be combined with the local situation to put forward suggestions for the optimization of the specific
built environment. In addition, the factors influencing residents’ travel mode are numerous and
complex. There are still some aspects that have not been considered in this study. The other factors
that affect the modes of residents’ travel need to be further studied.
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