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ABSTRACT

Commuting contributes to high levels of greenhouse gases and air pollution. The recently
advocated ‘green commuting’, i.e. active and public modes of transport, will be conducive
to low-carbon and environmentally friendly transport. A baseline goal of urban planning is
to promote health; however, few studies have explored the health-related impacts of envi-
ronments at both ends of the commute on residents’ commuting mode choices. To fill the
gap, this study proposes to consider the impact of the neighbourhood and working envi-
ronment on green commuting from a health perspective. Using a sample of 15,886 people
from 368 communities in China, three generalised multilevel linear regression models were
estimated. Physical and psychological health were combined to further analyse health-related

environmental attributes on the commuting choices of residents with different health levels.
The results indicate that the working environment exerts more substantial effects on ‘green
commuting’ than the neighbourhood environment, especially for workplace satisfaction.
Moreover, we found that a good working environment and relationships will significantly
encourage the sub-healthy group to choose active commuting. These findings are beneficial
for policymakers to consider focusing on reconciling neighbourhood and working environ-
ments and meeting the commuting requirements of the less healthy group.

KEYWORDS

green commuting; commuting mode; neighbourhood environment; working environment;
resident health; transportation planning.

1. INTRODUCTION

Commuting is a transportation issue and significant activity in residents’ lives [1]. The huge commute de-
mand causes environmental pollution, traffic jams and energy waste [2, 3]. In 2019, China’s total annual vehicle
emissions were 1.89 MT (million tons) of HC, 7.72MT CO, 7.72 Mt NOx and 0.074 Mt PM [4]. Among them,
the automobile is the dominant contributor to pollutant emission, and its emission ratio of the four pollutants
exceeds 90%. Eight metropolises have announced policies curbing the purchase of vehicles for private use, as
concerns about pollution and traffic congestion have risen around the country since 2017. Although this policy
contributes to slowing car growth, it doesn’t fundamentally affect the mobility choices of people who already
have cars. Green commuting will become even more significant in the future, not only for personal health but
also for environmental problems such as global warming and air pollution. Green commuting refers to two
types of eco-friendly commuting modes, namely public transport (bus, subway, rail) and active transportation
modes (walking, cycling). In this study, we conducted a revealed preference survey (conducting behavioural
surveys on commuters’ completed modes of transport) to explore the impact of health-related environment
attributes on neighbourhoods and work on commuting modes.

One of the most pivotal aspects to consider commuting and the built environment are mutually restrictive
and affect each other. Existing studies have shown that features of the built environment have a significant
impact on commuting behaviours [5-9]. The sustainable development of cities can be promoted through com-
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prehensive treatment of transportation service demand from the perspective of the environment, passengers
and society [10]. For cities where walking and transit are the main modes of transportation, better walking
and transit facilities can help reduce traffic congestion [11]. In addition, higher urban density helps to reduce
the dependence on private cars and increases the possibility of green commuting [7, 12]. Some scholars have
also conducted specific studies of the impact of the built environment on active commuting. Specifically,
higher street connectivity and urban green rate, as well as good neighbourhood street lighting, have significant
promoting effects on commuters’ choice of active commuting [13-16], which means physical commuting,
including walking and cycling. In addition, according to the subjective feelings of commuters, public trans-
port is mainly selected by commuters who care about environmental factors [17]. For urban planners and
decision-makers, it is more valuable to better understand the impact of the urban environment on residents’
activities [18]. However, most existing studies consider the overall characteristics of cities, but few focus on
the characteristics of neighbourhoods and workplaces.

In addition, commuting behaviour has an important link with health, including psychological and physio-
logical effects [19-21]. Empirical evidence in numerous studies shows that public transport users have low-
er commuting happiness than car commuters [22, 23]. Compared with passive commuting (motor vehicle
commuting), active commuting is more helpful in reducing psychological stress and improving subjective
well-being [24, 25], and it can further affect people’s performance and mood at work and home. Further, when
commuters give precedence to health aspects, they prefer to walk or use bicycles. In addition, active commut-
ing promotes more physical activity, and can significantly reduce the risk of chronic diseases such as obesity,
cardiovascular disease and diabetes, allowing commuters to have a longer life expectancy (compared to using
motor vehicles) [26]. Compared with active mobility (bicycle), the life expectancy of urban commuters using
motorised transport may be shortened [27]. Existing studies mainly focus on the effects of green commuting
modes (including walking, cycling and public transit) on the mental and physical health of commuters, but
there is still a lack of comparative analysis on how commuting behaviour changes with health level. In sum-
mary, the problem of the impact of neighbourhood and workplace environments on the commuting modes for
different groups of health level has not been completely resolved, and the existing literature still needs to be
supplemented.

Previous studies have shown that green commuting contributes significantly to low-carbon and active com-
muting is also beneficial to health. Therefore, it is of great significance to improve the environment by encour-
aging commuters to choose green commuting. Many scholars have studied the factors that influence commut-
ing mode choice. However, few of them have investigated neighbourhood and work effects on commuting
modes, especially green commuting modes. The following issues have not been deeply studied:

— The impact from the perspective of the characteristics of neighbourhood and workplace.

— The problem of the impact of neighbourhood and workplace environment on the commuting modes for dif-
ferent health-levels groups.

To address these research gaps, this study investigates the factors that influence the commuting behaviours
of Chinese residents from a health perspective. In particular, the study aims to answer the following questions:

— How do the neighbourhood and working environment affect the commuting mode?
— What is the interaction between personal health and commuting?
— What contributions can governments and enterprises make to promote green commuting?

By answering these questions, this research will not only help us to understand the substantive commuting
behaviour but also help us analyse the method and practice status of the econometric model. This study makes
five contributions:

— Proposing the community and working environment as the research object to study their impact on green
commuting;

— Using a generalised multi-layer linear model to comprehensively consider the subjective feelings of residents
and the objective existence of the environment, as the environmental contributors;

— Combine BMI and life happiness to classify the health level of commuters;

— For commuters with different health levels, further analyse the impact of the environment on their commut-
ing modes;

— Discuss the implications for policymakers from the empirical results.
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The rest of this article is organised as follows. Section 2 gives a description of the data and variables.
Section 3 gives a brief review of the methodology and Section 4 presents the results of both detailed analysis
and multilevel models. In Section 5, we discuss the main findings and policy implications. The final section
summarises the main findings of this study.

2. DATA AND VARIABLES
2.1 Data sources

The data was mainly extracted from the CLDS (Survey of China’s Labour Force Dynamics), which was
conducted by the Social Sciences Survey Center of Sun Yat-sen University. CLDS focuses on the current sit-
uation and changes in China’s labour force, covering education, work, migration, health, social participation,
economic activities, grassroots organisations and many other research topics as an interdisciplinary large-scale
follow-up survey. This survey is nationwide, covering 29 provinces in mainland China, excluding Tibet and
Hainan. The sample distribution is shown in Figure 1. The survey subject is the entire labour force, encompass-
ing family members aged 15 to 64 in the sample households. In the sampling method, multistage cluster, strat-
ified PPS (probability proportionate to size sampling) is used in multi-stage, multi-level probability sampling
proportional to the size of the labour force. In this study, databases at three levels — individual, family and
community — were established. After removing the records with irrelevant and missing data, 15,886 individu-
als from 368 neighbourhoods were used for the analysis in this study. We adopted Bartlett’s Test of Sphericity
for structural validity analysis. The result shows that the significance of Bartlett’s Test of Sphericity is 0.000,
thus, the questions have validity.

Sample size
* <50
® 50-100
® 100-150
® >150

S S E—|
0 500 1000 km

Figure 1 — The sample distribution map

2.2 Variables

The dependent variables are binary variables related to green commuting. Moreover, the commuting modes
in this study include walking, cycling, motorcycle, bus, subway, taxis, private cars and working at home (i.e.
working online). Among them, walking and cycling require physical labour, so we call them active commut-
ing. Buses and subways belong to public transport, and other modes of transport are non-green commuting
modes. In the following analysis, we refer to active commuting as mode 1 and commuting by public transport
as mode 2, respectively.

The independent variables were mainly obtained from the community and individual levels, and we further
categorised them into two types, namely neighbourhood-related and work-related ones. Previous research
has shown that the neighbourhood and work location is of great significance to commuting behaviour. The
neighbourhood-related variables include location, internal environment and interpersonal relationships among
residents. In contrast, the work-related variables include working location, intensity, length of work and physi-
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Table 1 — Descriptive statistics for variables (N=15,886)

Variables

Mean

Variables

Mean

Neighbourhood-level variables

(proportion)

(proportion)

Dependent variables

Good security (%) 95.38 Traffic modes (%)
Neighbourhood-owned entertainment venues (%) 11.14 Active commuting 39.84
Neighbourhood-owned fitness facilities (%) 64.40 Passive commuting 61.06
Cleanliness 7.69 Traffic modes (%)
Environmental pollution in the neighbourhood (%) 17.93 Public transport 5.44
I
Green coverage rate (%)
<30% 33.15
30~60% 29.08
>60% 37.77 Control variables
Good neighbourhood relations (%) 84.24 Gender (%)
The location of the neighbourhood (%) Male 47.55
Urban area 27.17 Female 52.45
Town 8.42 Age (SD4=6117 41)
Suburban area 9.78 Marital status (%) 0.83
Countryside 54.63 Married Singl:;i(;i(:;(‘)lzc(:ied, or
Work-level variables Married Single,‘divorced, or
widowed
Workplace (%) Single, divorced, or widowed Education
attainments (%)
City 11.77 Primary school and below 25.03
The country 88.23 Junior high school 33.87
Feel stressed at work (%) 21.37 Senior high school 16.75
Do o wrk ety ey T | 27| ot
Usually work overtime 8.19 fgizn‘)*m“al personal income (81)329235 f; 83)
Frequency of heavy physical labour 2.10 BMI value 2%40
(SD=4.22)
Frequency of quick-reaction thinking or mental work 2.19 BMI<18.5 (%) 12.01
Satisfied with the working environment 44.26 BMI 18.5~23.9 (%) 54.34
Satisfied with the respect given by others 42.50 BMI>23.9 (%) 33.65
Monthly working hours (days) (S]%ig_gzg) Feel Life happiness (%) 65.79

Notes: City includes urban area and suburban area. The country includes towns and countryside. The suburban area belongs to the
urban expansion and transforms the rural areas around the original cities into areas where urban and rural factors are mixed. In
addition, towns refer to non-organisational towns that serve as the economic, cultural and life service centres of certain areas in the
country which are transitional settlements between rural and urban areas. SD — standard deviation.

cal and psychological experience of an individual at work. Besides, the individual-level variables also include
personal attributes (referred to as control variables): age, sex, marital status, education level, annual income,
BMI (Body Mass Index) and life happiness. According to the BMI standard in China and personal life happi-
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Table 2 — Collinearity statistics table for attributes

Model 1: Model 2:
Active commuting Commuting by public transport

Tolerance Tolerance

Neighbourhood-level variables

Good security 0.927 1.078 0.927 1.078
Neighbourhood-owned entertainment venues 0.893 1.119 0.893 1.119
Neighbourhood-owned fitness facilities 0.780 1.282 0.780 1.282
Cleanliness 0.920 1.087 0.920 1.087
Environmental pollution in the neighbourhood 0.954 1.048 0.954 1.048
e s o o e e venia it | g | s | aose | v
Green coverage rate (ref: <30%)

30~60% 0.704 1.420 0.704 1.420
>60% 0.666 1.502 0.666 1.502
Good neighbourhood relations 0919 1.088 0919 1.088
The location of the neighbourhood (ref: countryside)

Urban area 0.604 1.657 0.604 1.657
Town 0.888 1.126 0.888 1.126
Suburban area 0.824 1.213 0.824 1.213

Work-level variables

Workplace (ref: the country)

City 0.828 1.207 0.828 1.207
Feel stressed at work 0.910 1.099 0.910 1.099
dDeetiﬁi 1(1): (frs;i(;rgszlf f;;vork intensity (intensity of work is 0.795 1257 0.795 1257
Usually work overtime 0.811 1.234 0.811 1.234
Frequency of heavy physical labour 0.899 1.112 0.899 1.112
Frequency of quick-reaction thinking or mental work 0.731 1.368 0.731 1.368
Satisfied with the working environment 0.655 1.526 0.655 1.526
Satisfied with the respect given by others 0.658 1.520 0.658 1.520
Monthly working days 0.990 1.010 0.990 1.010

Control variables

Gender (ref: female)

Male 0.902 1.108 0.902 1.108

Age 0.589 1.697 0.589 1.697

Marital status (ref: single, divorced or widowed)

Married 0.687 1.456 0.687 1.456

Education attainments (ref: primary school and below)

Junior high school 0.672 1.488 0.672 1.488
Senior high school 0.640 1.563 0.640 1.563
College and above 0.479 2.086 0.479 2.086
2017 annual personal income (yuan) 0.910 1.099 0.910 1.099

BMI value (ref: <18.5)

BMI 18.5~23.9 0.386 2.591 0.386 2.591
BMI>23.9 0.375 2.668 0.375 2.668
Feel life happiness (%) 0.933 1.072 0.933 1.072

Notes: Model 1: 0 = passive commuting, 1 = active commuting; Model 2: 0 = commuting by private transport,
1 = commuting by public transport.
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ness, we postulated that residents with normal BMI and self-rated life happiness belong to the health group,
while the others belong to the sub-health group. By such division, we are able to explore the role of health
conditions in commuting.

2.3 Descriptive statistics

Among the valid data of 15,886 respondents, the proportion of active commuting (39.84%) is smaller
than the proportion of passive commuting (61.06%), and the proportion of respondents commuting by public
transport (5.44%) is much smaller than that of private transport (94.56%). Detailed data descriptions on the
neighbourhood-related and work-related variables are shown in Table 1. The control variables are also included.

The collinearity between the variables is analysed by SPSS software, and the results are shown in 7able 2. It
is generally believed that when VIF (Variance Inflation Factor) is greater than 10 (strictly 5), it means that the
model has serious collinearity problems, and the tolerance value=1/VIF, or the tolerance value is greater than
0.1 (strictly greater than 0.2), indicating that there is no collinearity. All variables in this study have VIFs lower
than 5, so there is no collinearity between the variables.

3. METHODS

The differentiated spatial characteristics of commuting [28, 29] are generally attributed to individual dif-
ferences and the external environment. The traditional single-level models are only retained at the individual
level or environmental level, so it excludes independence among individuals. However, the individuals in the
group are also highly correlated. This makes it difficult for the traditional models to reasonably explain the
multi-factor impact on commuting [30].

The generalised multilevel linear model is a kind of standard multilevel model, which is designed to deal
with first-level dependent variables [31]. Assuming that the dependent variable follows a Bernoulli distribu-
tion with success probability, and by using an appropriate link function (e.g. logit), a binary outcome can be
associated with a predictor linear variable [28]. Therefore, we use a multilevel logistic regression model to
explore the relationship between green commuting and neighbourhood/working environment. Furthermore,
the commuting mode will be divided into active commuting and passive commuting according to the degree of
motorisation; private transport and public transport according to the property of vehicles.

By analysing the correlation between the neighbourhood and individual work level, we find that individual

attributes have similar effects on groups, while social attributes have different effects on groups. So, the social
attribute only affects the intercept part of the model, and the slope of the individual attribute is the same.

The individual level of the multilevel model is shown in Equation 1, and the neighbourhood level is shown
in Equations 2 and 3.

Yzj:lBOj+181inj+7;j (1)
ﬁo,':7/oo+7/01zlj+:u0j (2)
B =70 3)

where Y is the dependent variable, X is the independent variable, £ is the slope, y is the mean, 7 is the residual,
the subscript i represents the first layer of individuals, and the subscript j represents the second level of neigh-
bourhood.

Bringing the neighbourhood level model into the individual-level model results in the final generalized
multilevel linear model (Equation 4):

C.
IOg(Cij):lnj:%o+7ijpj+7q/‘Xqi+/u0j+7ij “)
i
where C, is the probability of respondent i in neighbourhood j commuting to work using active commuting/
public transport; Yy and 7, are the coefficients at the neighbourhood and individual levels; z, and X, are the
independent variables at the neighbourhood and individual levels; Iy, and y; are the random effect at the neigh-
bourhood and individual levels. A ‘

260



Promet — Traffic& Transportation. 2023;35(2):255-270. Transport and Sustainable Development

Table 3 — Multi-level modelling on residents’ daily commuting modes

Model 1: Model 2:
Active commuting Commuting by public transport

Coefficient .E. Coefficient

Neighbourhood-level variables

Good security -0.256 0.225 -0.456 0.286
Neighbourhood-owned entertainment venues -0.203 0.150 -0.169 0.228
Neighbourhood-owned fitness facilities -0.175% 0.106 0.200 0.166
Cleanliness -0.050%* 0.028 0.020 0.041
Environmental pollution in the neighbourhood 0.169 0.119 -0.137 0.180

The degree of pollution improvement (after negotiating with

the government or relevant enterprises) 0-001 0.211 0.112 0.286
Green coverage rate (ref:<30%)

30~0% -0.053 0.119 0.122 0.165
>60% 0.250%* 0.114 -0.052 0.166
Good neighbourhood relations -0.246* 0.129 0.163 0.193
The location of the neighbourhood (ref: countryside)

Urban area -0.153 0.127 1.422%*% 0.175
Town 0.334%* 0.168 0.002 0.264
Suburb area -0.155 0.163 0.743%*%* 0.219

Work-level variables

Workplace (ref: the country)

City 0.204%%* 0.070 1.790%** 0.092

Feel stressed at work 0.926%** 0.051 0.530%** 0.105

Degree of freedom of work intensity (intensity

of work is determined by oneself) 0.955%% 0.034 -0.403%% 0.064
Usually work overtime 0.433%%* 0.078 0.287*** 0.110
Frequency of heavy physical labour -0.029 0.034 0.160%*** 0.055
Frequency of quick-reaction thinking or mental work 0.047 0.036 0.147%** 0.053
Satisfied with the working environment 0.591%** 0.049 0.237%* 0.104
Satisfied with the respect given by others 0.123** 0.050 0.227** 0.104
Monthly working hours (days) 0.066%** 0.024 -0.068 0.079

Control variables

Gender (ref: female)
Male 0.012 0.042 -0.303%** 0.088
Age 0.020%%** 0.002 -0.014%%* 0.004

Marital status (ref: single, divorced or widowed)

Married 0.214%%* 0.066 -0.180 0.116

Education attainments (ref: primary school and below)

Junior high school -0.131%* 0.051 0.111 0.152
Senior high school -0.300 0.068 0.538%** 0.161
College and above -0.131 0.091 1.007*** 0.172
2017 annual personal income (yuan) -0.522%*%* 0.047 -0.004 0.037

BMI value (ref: <18.5)

BMI 18.5~23.9 -0.005 0.066 0.201 0.131
BMI>23.9 -0.093 0.070 0.017 0.145
Feel life happiness (%) -0.120%** 0.044 -0.198%** 0.094

Notes: Model 1: 0 = passive commuting, 1 = active commuting, Model 2: 0 = commuting by private transport,
1 = commuting by public transport. Standard errors in parentheses: *p<.10. **p<.05. ***p<.01. S.E. — standard error.
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4. RESULTS
4.1 Green commuting mode regression

In this article, we focus on the overall impact of environmental variables at the neighbourhood and work
levels on commuting. The results of the multi-level modelling on residents’ commuting modes are reported
(Table 3). For Model 1 (passive commuting mode = 0, active commuting mode = 1), among the neighbour-
hood-level variables, neighbourhood-owned facilities (coef.=-0.175, p<0.1) and cleanliness (coef.=-0.050,
p<0.1) are both negatively related to the choice of active commuting. Green coverage rate > 60% was a
significant positive correlation (coef.=0.250, p<0.05) for respondents to choose active commuting, and good
neighbourhood relations (coef.=-0.246, p<0.1) was a negative correlation for that. Neighbourhoods located
in towns are more likely to choose active commuting (coef.=0.334, p<0.05). For the work-level variables,
respondents with locations in cities were more likely to choose active commuting (coef.=0.294, p<0.01) than
those with locations in the country. Respondents with work stress (coef.=0.926, p<0.01), greater freedom of
work intensity (coef.=0.955, p<0.01) and overtime (coef.=0.433, p<0.01) were more likely to choose active
commuting. In terms of mental health at work, respondents who were satisfied with their working environment
(coef.=0.591, p<0.01) and respect from others (coef.=0.123, p<0.05) were more likely to choose active com-
muting. In addition, the number of working days per month (coef.=0.066, p<0.01) is positively correlated with
the choice of active commuting.

The results of Model 2 (commuting by private transport = 0, public transport = 1) are shown in the columns
(4) to (5) (7able 3). Among the neighbourhood-level variables, only those of neighbourhood in urban and subur-
ban areas have a significant positive correlation with commuting by public transport, meaning that respondents
were more likely to use public transport in urban areas (coef.=1.422, p<0.01) and suburban areas (coef.=0.743,
p<0.01) than in the country. Among the work level variables, work in the city (coef.=1.790, p<0.01), high work
pressure (coef.=0.530, p<0.01), normal overtime (coef.=0.287, p<0.01), heavy physical labour (coef.=0.160,
p<0.01), rapid thinking or mental work (coef.=0.147, p<0.01), satisfaction with the working environment
(coef.=0.237, p<0.05), and satisfaction with respect to others (coef.=0.227, p<0.05) all have a positive cor-
relation effect on the choice of public transport commuting. The degree of freedom of working intensity
(coef.=-0.403, p<0.01) has a significant negative correlation with the choice of public transport commuting.

4.2 Green commuting modes of different healthy groups

For an in-depth study on the impact of the neighbourhood and working environment on different health
groups, we divided the respondents into healthy and sub-healthy groups. The following 7able 4 presents the
results of the multilevel modelling of commuting modes for the healthy group (BMI 18.5 to 23.9, respon-
dents who are happy with their lives). Model 3 (passive commuting = 0, active commuting = 1) indicated that
the availability of fitness facilities in the neighbourhood made healthy residents less likely to choose active
commuting (coef.=-0.297, p<0.05), while the presence of environmental pollution and green coverage rate >
60% promoted residents choosing active commuting (coef.=0.259, p<0.10, coef.=0.293, p<0.05). At the same
time, active commuting is more likely to be selected where lived in the towns than in the countryside for the
healthy group (coef.=0.458, p<0.05). Healthy group residents working in the city were more likely to choose
active commuting (coef.=0.231, p<0.05) than in the country. For the variables of stress at work (coef.=0.841,
p<0.01), flexible working intensity (coef.=0.906, p<0.01), working overtime (coef.=0.342, p<0.01), quick
thinking or mental work (coef.=0.168, p<0.01) and satisfaction with the working environment (coef.=0.614,
p<0.01), the healthy group was more likely to choose active commuting. In addition, monthly working days
(coef.=0.097, p<0.01) are positively correlated with active commuting. Heavy physical labour is negatively
associated with the choice of motor vehicle for the healthy group (coef.=-0.106, p<0.10).

The results of Model 4 (commuting by private transport = 0, public transport = 1) show that in the cas-
es of good security in the neighbourhood (coef.=-0.647, p<0.10) and a higher degree of pollution improve-
ment (coef.=-0.475, p<0.10), the healthy group was less likely to opt for public transport. Compared to the
country communities, urban and suburban residents prefer public transport commuting (coef.=1.294, p<0.01,
coef.=0.558, p<0.10). In addition, respondents who worked in cities were more likely to choose public trans-
port than those who worked in the country (coef.=1.824, p<0.01). Perceived stress at work (coef.=0.817,
p<0.01), frequent overtime (coef.=0.381, p<0.05), heavy physical labour (coef.=0.170, p<0.10), satisfaction
with the work environment (coef.=0.408, p<0.05) and respect given by others (coef.=0.298, p<0.10) were sta-
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Table 4 — Multi-level modelling on residents’ daily commuting modes for the healthy group
Model 3: Model 4:

Active commuting Commuting by public transport

Coefficient S.E. Coefficient S.E.

Neighbourhood-level variables

Good security 0.074 0.274 -0.647* 0.382
Neighbourhood-owned entertainment venues -0.191 0.175 -0.082 0.320
Neighbourhood-owned fitness facilities -0.297%* 0.124 0.141 0.239
Cleanliness -0.019 0.033 -0.019 0.057
Environmental pollution in the neighbourhood 0.259* 0.140 -0.475% 0.266
e s oo et e e i | gy [ oz | ons | o
Green coverage rate (ref: <30%)

30~60% -0.052 0.139 -0.042 0.229
>60% 0.293%** 0.132 -0.111 0.230
Good neighbourhood relations -0.104 0.153 0.249 0.278
The location of the neighbourhood (ref: countryside)

Urban area -0.159 0.155 1.204%%* 0.253
Town 0.458** 0.191 -0.167 0.378
Suburban area -0.319 0.194 0.558%* 0.315

Work-level variables

Workplace (ref: the country)

City 0.231** 0.115 1.824%%* 0.150
Feel stressed at work 0.84 %% 0.091 0.817%%%* 0.181
e s i (s
Usually work overtime 0.342%%* 0.131 0.381%* 0.182
Frequency of heavy physical labour -0.106* 0.058 0.170* 0.092
Frequency of quick-reaction thinking or mental work 0.168%** 0.060 0.123 0.088
Satisfied with the working environment 0.614%** 0.085 0.408%%* 0.180
Satisfied with the respect given by others 0.092 0.086 0.298%* 0.179
Monthly working hours (days) 0.072%* 0.043 -0.126 0.161

Control variables

Gender (ref: female)

Male 0.016 0.072 -0.404%** 0.146

Age 0.021%** 0.003 -0.019%** 0.007

Marital status (ref: single, divorced or widowed)

Married 0.327%** 0.112 -0.166 0.194

Education attainments (ref: primary school and below)

Junior high school -0.049 0.087 -0.013 0.262
Senior high school -0.291%* 0.115 0.636** 0.270
College and above 0.014 0.143 1.067*%* 0.283
2017 annual personal income (yuan) -0.642%%%* 0.081 -0.033 0.092

Notes: Model 3: 0 = passive commuting, 1 =active commuting; Model 4: 0 = commuting by private transport,
1 = commuting by public transport. Standard errors in parentheses: *p<.10. ¥**p<.05. ¥***p<.01. S.E. — standard error.
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Table 5 — Multi-level modelling on residents’ daily commuting modes for sub-healthy group
Model 5: Model 6:

Active commuting Commuting by public transport

Coefficient S.E. Coefficient S.E.

Neighbourhood-level variables

Good security -0.378 0.236 -0.303 0.316
Neighbourhood-owned entertainment venues -0.226 0.158 -0.258 0.264
Neighbourhood-owned fitness facilities -0.113 0.111 0.282 0.190
Cleanliness -0.064** 0.030 0.028 0.046
Environmental pollution in the neighbourhood 0.114 0.125 0.009 0.199
e s i e i it || oo [ o | o
Green coverage rate (ref: <30%)

30~60% -0.028 0.126 0.230 0.184
>60% 0.224%* 0.120 -0.018 0.188
Good neighbourhood relations (%) -0.310%* 0.135 0.086 0.213
The location of the neighbourhood (ref: countryside)

Urban area -0.126 0.137 1.498%** 0.198
Town 0.267 0.177 0.157 0.304
Suburban area -0.089 0.171 0.824%** 0.243

Work-level variables

Workplace (ref: the country)

City 0.312%** 0.087 1.819%** 0.117
Feel stressed at work 0.969%** 0.061 0.428%** 0.129
D ok iy (s
Usually work overtime 0.475%** 0.098 0.224 0.138
Frequency of heavy physical labour 0.011 0.042 0.160** 0.068
Frequency of quick-reaction thinking or mental work -0.018 0.045 0.155%* 0.066
Satisfied with the working environment 0.560%** 0.059 0.096 0.128
Satisfied with the respect given by others 0.119%* 0.060 0.115 0.129
Monthly working hours (days) 0.066** 0.028 -0.046 0.091

Control variables

Gender (ref: female)

Male 0.027 0.051 -0.290%** 0.109

Age 0.019%** 0.002 -0.010%* 0.005

Marital status (ref: single, divorced or widowed)

Married 0.130 0.081 -0.213 0.145

Education attainments (ref: primary school and below)

Junior high school -0.202%** 0.062 0.185 0.187
Senior high school -0.352%** 0.084 0.521%** 0.199
College and above -0.270%* 0.118 1.032%** 0.216
2017 annual personal income (yuan) -0.478*%* 0.057 -0.006 0.042

Notes: Model 5: 0 = passive commuting, 1 = active commuting; Model 6: 0 = commuting by private transport,
1 = commuting by public transport. Standard errors in parentheses: *p<.10. **p<.05. ***p<.01. S.E. — standard error.
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Table 6 — Robustness results of multi-level modelling on residents’ daily commuting modes

Model 1°: Model 2’:

Active commuting Commuting by public transport

Coefficient P value Coefficient P value

Neighbourhood-level variables

Good security -0.041 0.305 -0.035 0.040
Neighbourhood-owned entertainment venues -0.037 0.161 -0.006 0.616
Neighbourhood-owned fitness facilities -0.032 0.097 -0.001 0.938
Cleanliness -0.008 0.111 0.002 0.374
Environmental pollution in the neighbourhood 0.030 0.170 -0.010 0.288

The degree of pollution improvement (after negotiating with

the government or relevant enterprises) 0-000 0.998 0.006 0.699
Green coverage rate (ref: <30%)

30~60% -0.007 0.732 0.005 0.595
>60% 0.047 0.020 -0.002 0.846
Good neighbourhood relations -0.045 0.060 0.005 0.600
The location of the neighbourhood (ref: countryside)

Urban area -0.047 0.056 0.082 0.000
Town 0.052 0.098 -0.011 0.402
Suburban area -0.040 0.172 0.018 0.138
Neighbourhood-owned gymnasium 0.001 0.978 -0.001 0.936

Work-level variables

Workplace (ref: the country)
City 0.045 0.000 0.174 0.000
Feel stressed at work 0.176 0.000 0.024 0.000

Degree of freedom of work intensity (intensity

Of work is determined by oneself) 0.183 0.000 -0.012 0.000
Usually work overtime 0.074 0.000 0.024 0.000
Frequency of heavy physical labour -0.001 0.802 0.001 0.632
Frequency of quick-reaction thinking or mental work 0.004 0.506 0.019 0.000
Satisfied with the working environment 0.108 0.000 0.010 0.014
Satisfied with the respect given by others 0.019 0.025 0.007 0.079
Monthly working hours (days) 0.011 0.008 -0.002 0.299

Control variables

Gender (ref: female)
Male 0.003 0.694 -0.015 0.000
Age 0.004 0.000 0.000 0.210

Marital status (ref: single, divorced or widowed)

Married 0.021 0.046 -0.012 0.017

Education attainments (ref: primary school and below)

Junior high school -0.028 0.002 -0.009 0.026
Senior high school -0.055 0.000 0.003 0.569
College and above -0.035 0.002 0.069 0.000
2017 annual personal income (yuan) -0.045 0.000 0.000 0.865
BMI value (ref: <18.5)

BMI 18.5~23.9 0.000 0.964 0.003 0.577
BMI>23.9 -0.017 0.138 -0.005 0.380
Feel Life happiness (%) -0.020 0.006 -0.008 0.022
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tistically significant and positively correlated with healthy respondents’ choice of public transport. However,
the greater the degree of freedom of work intensity, the more likely the healthy population is to choose private
transport (coef.=-0.247, p<0.05).

Table 5 shows the multi-level modelling results of green commuting for the sub-health group (BMI<18.5
or BMI>23.9, or respondents who feel unhappy in life). In Model 5 (passive commuting = 0, active commut-
ing = 1), high cleanliness in the neighbourhood (coef.=-0.064, p<0.05) and good neighbourhood relations
(coef.=-0.310, p<0.05) make sub-healthy residents less likely to choose active commuting. Green coverage
rate in the neighbourhood > 60% makes them more likely to choose active commuting (coef.=0.224, p<0.10).
Workplace in the city, compared with the country for the sub-healthy group, makes residents more likely to
choose active commuting (coef.=0.312, p<0.01). For the variables of stress at work (coef.=0.969, p<0.01),
high degree of freedom of work intensity (coef.=0.986, p<0.01), frequent overtime (coef.=0.475, p<0.01), sat-
isfied with working environment (coef.=0.560, p<0.01) and satisfied with respect given by others (coef.=0.119,
p<0.01), the sub-healthy group is more likely to choose active commuting. In addition, there is a positive cor-
relation between monthly working days and active commuting (coef.=0.066, p<0.05).

Model 6 (commuting by private transport = 0, public transport = 1) shows that residents in urban and
suburban neighbourhoods are more inclined to choose public transport than those located in the countryside
(coef.=1.498, p<0.01, coef.=0.824, p<0.01). Respondents working in cities are more likely to choose public
transport to travel than those in the country (coef.=1.819, p<0.01). Besides, the variables of stress at work
(coef.=0.428, p<0.01), heavy physical labour (coef.=0.160, p<0.05) and frequent mental labour (coef.=0.155,
p<0.05) are positively correlated with commuting by public transport. However, the greater the degree of
freedom of work intensity, the more likely respondents are to choose private transport (coef.=-0.496, p<0.01).

4.3 Robustness test

In order to test the robustness of the models and avoid the randomness of the results caused by data statis-
tics, a neighbourhood level variable (i.e. whether there is a neighbourhood-owned gymnasium in the commu-
nity) was added to the baseline database. We chose Models 1 and 2 as representatives to test the robustness.
The results are shown in 7uble 6. Compared with the baseline, the positive and negative coefficients of each
variable are basically the same. Therefore, it is considered that the basic models, namely Model 1 and Model
2, are robust.

5. DISCUSSION

The results demonstrate that working environment variables have a greater impact on commuting choice
than those related to neighbourhood, especially workplace and working environment satisfaction. In addition,
we found that increasing the green coverage rate in the neighbourhood could result in an increase in active
commuting.

5.1 Neighbourhood-related variables

Residents in cities (urban and suburban areas) are more likely to commute by public transport [30]. Besides,
those residents tend to choose active commuting. The main reason is that the resources of public transport are
mainly allocated in CBD (Central Business District) areas, where jobs are relatively concentrated and public
transport is highly accessible. For the group of residents with collective land ownership (in the country), a large
number of residents choose to work locally, leading to a short-distance trip and a higher active commute rate.

We found that the green coverage rate of the neighbourhood is closely related to the commuting mode.
Compared with residents who live in a neighbourhood with a rate of less than 30%, residents who live in a
neighbourhood with more than 60% are more likely to use active commuting. In addition, as the green cov-
erage rate increases, the likelihood of respondents choosing active commuting first decreases and then rises.
A good neighbourhood environment makes commuters more likely to choose active commuting. In addition,
when the neighbourhood is located in towns and countryside, the rate is significantly higher, and the correla-
tion coefficient of towns is more significant (coef.=0.141, p<0.01), so the possibility of active commuting in
the country is further improved by high green coverage rate. Figure 2 shows the proportion of commuting modes
and neighbourhood green coverage rates at different neighbourhood types.
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Figure 2 — The proportion of commuting modes and neighbourhood green coverage rate for different neighbourhood types

5.2 Work-related variables

The results show that commuters who work in cities are more likely to choose green commuting. By analys-
ing the correlation between the residential neighbourhood and the workplace, we found that working in cities
is significantly positively correlated with neighbourhoods in urban areas (coef.=0.234, p<0.01), and negatively
correlated with the countryside (coef.=-0.190, p<0.01). Compared with the country, cities have comprehensive
public transport systems. Besides, urban residents tend to work locally or commute over short distances, and
therefore are more inclined to use green commuting methods, namely active commuting (33.08%) and com-
muting by public transport (26.96%).

The research results of this article show that when respondents are more satisfied with the working envi-
ronment and respect given by others, they tend to choose green commuting. In addition, commuters with high
work pressure and heavy manual labour have a higher tendency to walk or take public transport. Under normal
circumstances, pressure and heavy manual labour mainly occur in low-income social groups, so commuting by
public transport and active commuting with lower travel costs are their main choices. Further, workers prefer
to have a good working environment and colleague relationships (Figure 3). So, when a company cannot change
the nature of the work, improving their working environment and giving adequate respect will help improve
their happiness (coef.=0.168, p<0.01, coef.=0.160, p< 0.01) while promoting green commuting.
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Figure 3 — The proportion of commuting modes in different job satisfaction levels

5.3 Personal level

Compared with the healthy group, the sub-healthy group respondents have a more passive attitude towards
choosing active commuting. Among them, active commuting is more significantly affected by the high-level
neighbourhood green coverage rate. For the work-related variables, heavy manual labour reduces the possibil-
ity of the healthy group choosing to actively commute, while unhealthy people are less likely to participate in
physical labour, so it did not have a significant impact on it. Moreover, an excellent working environment and
relationships encourage the sub-healthy group to choose active commuting. The sub-healthy group respond-
ents are also more sensitive to working relationships and may be largely affected by the sense of well-being.
Respondents with a low sense of well-being felt a harmonious working atmosphere at work, which would
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increase their sense of well-being, leading to a greater possibility of choosing active commuting. The research
results also show that older respondents are more inclined to use private transport. Given that public transport
consumes more physical energy of passengers, the significance of this increases with age. Therefore, it is more
reasonable for older commuters to choose private transport. This means that older population needs to be taken
into account in terms of promoting greener commuting.

5.4 Policy implications

The research results have direct policy implications for local governments and enterprises to promote
sustainable development. For local governments, residents in cities are significantly more likely to choose
public transport than in the country, since insufficient public transport systems in the country inhibit sus-
tainable development. Therefore, it is recommended to speed up the improvement of public transport in the
country to ensure its residents are able to choose greener commuting modes. Secondly, green environment
construction in cities lags significantly compared to the country. In order to improve the physical and mental
health of commuters and promote green commuting, it is recommended to increase the green coverage rate
of neighbourhoods to about 19%. For enterprises, employees who work in cities are more inclined to choose
public transport. Through the implementation of public transport subsidies by companies located in cities,
the proportion of employees who choose public transport can further increase. In addition, considering that
good relations with colleagues and good working environment can improve the well-being of workers [32],
it is recommended that enterprises improve their work environments and respect given to employees in order
to promote commuting by public transport.

For respondents with different health levels, the factors that affect their commuting modes are different. It is
recommended to improve the level of green coverage rate to benefit the physical and mental health of the sub-
healthy group, which also increases the possibility of choosing public transport. Secondly, enterprises should
improve the working environment and working relationships of sub-healthy groups, which could increase
commuters’ happiness and promote active commuting [33, 34]. In summary, it is recommended that neigh-
bourhoods and enterprises take care of sub-healthy groups and create a more harmonious living and working
environment for them to promote green commuting.

6. CONCLUSIONS

Research on the impact of residents’ commuting is an inevitable part of urban traffic planning. However,
most articles mainly focus on the environmental impact of commuting, ignoring the factors related to neigh-
bourhoods and workplaces. The results of this study show that neighbourhood and working environment are
significantly related to green commuting. Our results also highlight the importance of high green coverage in
the neighbourhood in active commuting, which is related to the greater use of green modes of transport. For
urban planners, improving the neighbourhoods and working environments is of great significance in promoting
sustainable development. On the one hand, improving the public transport system in the country and increasing
the green coverage rate of neighbourhoods can significantly promote green commuting. On the other hand, for
enterprises, providing public transport subsidies and building a good working environment are feasible and
beneficial policies. In addition, encouraging neighbourhoods and companies to take care of sub-healthy groups
has also promoted sustainable development. Overall, this article comprehensively considers the impact of the
neighbourhood and working environment on the commuting of different health groups, and puts forward feasi-
ble suggestions to promote sustainable development for governments and enterprises. However, there are also
certain limitations. In this article, we comprehensively consider the neighbourhood and working environment
and interpersonal psychology to study and innovatively combine the BMI value and the sense of happiness in
life to comprehensively judge the health level of the respondents. The degree of commuters’ reaction to differ-
ent influencing factors based on their health levels has also been examined. However, the above conclusions
have not yet been evaluated from the medical and professional aspects, which can be used to yield more refined
and accurate results. Due to the nationwide scope of the questionnaire, it is impossible for individuals to con-
duct supplementary research. The research method is relatively traditional and the refined level of service, trav-
el distance and multimodal transport have not been considered in the data [35, 36]. Therefore, future research
should explore the interrelatedness of travel behaviour with these three factors and effectively enhance travel
services through intelligent transportation [37, 38]. Despite the flaws in the research, it helps to understand the
impact of our neighbourhoods and work on the commuting behaviour of different health groups.
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