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ABSTRACT

To discover potential approaches for meeting increasingly stringent emission controls, a questionnaire
was launched in a newly built gated neighborhood in Chengyang district of Qingdao, China, to exam-
ine individual residents’ cognition of and participation in low-carbon behaviors, which play a pivotal
role in the construction of low-carbon neighborhoods. Statistical analysis of the questionnaires indi-
cated that resident individuals’ cognition regarding the paths to low-carbon neighborhood construction
still centered on the traditional aspects of energy saving and emission reduction. The popularization
of low-carbon lifestyles in all areas, such as “adoption of central cooling system” and “acceptance of
laddering electricity price”, in which potential low-carbon behaviors lie, is still an important mission
of low-carbon transition in the near future. Furthermore, due to the relatively high level of local eco-
nomic development and good traffic conditions in the surveyed neighborhood, a high proportion of
residents were engaged in low-carbon behaviors from the perspective of transportation, such as “public
transportation”, “public bicycles or electromobiles” and “walking”. Thus, to date, local residents have
achieved good results in low-carbon mobility. The use of energy-efficient cars is also a potential field
for emission reduction. Finally, suggestions were proposed to encourage residents’ participation in
low-carbon behaviors.
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1 INTRODUCTION
1.1 The enormous challenges of global warming facing humanity

Global warming is one of the most urgent problems facing humanity today. The increasingly
cumulative effects of global greenhouse gases have led to fragile environmental conditions,
which threaten social and economic stability and human health. The United Nations
Intergovernmental Panel on Climate Change (IPCC) has suggested that the increase in atmos-
pheric CO, concentration should be controlled to no more than twice the pre-industrial level
(560 ppm), and the rise in global average temperature to no more than the “2°C Threshold”
to address climate change [1]. Therefore, a series of positive actions regarding a low-carbon
economy must be taken by the international community. However, with rapid urbanization
and modernization, the increase in energy consumption and carbon emissions continually
imposes serious impacts on climate. For example, Chinese total energy consumption and per
capita carbon emissions both rose sharply during 1996-2012 (Fig. 1). Moreover, urban areas
contribute approximately 75% of global carbon emissions [2]. Hence, as the centre of social
and technological innovations, urban areas are responsible for low-carbon transition.
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Figure 1: The trend of total energy consumption and per capita carbon emissions in China
(Source: China Statistical Yearbook, 2013)

1.2 Individual neighborhood residents’ cognition of low-carbon behavior

The human way of life is more and more influenced and inhibited by climate warming. To
achieve sustainable development modes, it is necessary to find a balance between the envi-
ronmental protection and the economic growth. As the basic building blocks of energy and
resource consumption in cities, neighborhoods must undertake the important responsibility
of reducing carbon emissions in order to address climate change and play an important role
in applying the low-carbon concept to create low-carbon cities for sustainable development.
Neighborhoods in this paper are defined as relatively independent human habitations, of dif-
ferent-sized populations, which are formed by urban roads or natural boundaries and
supplemented by a certain scale of shared facilities to meet residents’ living needs, recreation,
daily material and cultural life [3, 4]. Moreover, the majority of definitions of neighborhoods
stress a place-based identity and uniform political and administrative power [4, 5].

In the context of the inevitable option of a low-carbon economy for the whole world in the
century of global warming [6-8], the concept of the low-carbon neighborhood is put forward
to promote the low-carbon transformation of cities as a new mode of neighborhood develop-
ment [9-12]. Considering the many similarities and comparisons between neighborhoods
and communities [4], in this paper, the low-carbon neighborhood is further particularly
defined, referring to the relatively mature concept of a low-carbon community [13, 14]. Thus,
‘low-carbon neighborhood” means a form of development to reduce the carbon-emission
intensity of energy or resource consumption in residents’ lifestyles and to increase renewable
energy by setting up duties and mechanisms to encourage low-carbon related behaviors
through residents’ cooperation and collaboration. Furthermore, the ‘construction of low-car-
bon neighborhoods’ refers to the reduction in neighborhoods’ greenhouse gas emissions from
different aspects, including the use of energy and resources, transportation, land utilization
types and energy conservation of buildings [15, 16]. Up to now, many cities, such as London,
Freiburg, Beder, Nagoya, Tianjin, Shenzhen and Shanghai, have proposed low-carbon objec-
tives and low-carbon planning [ 17-22] to encourage the transition from traditional high-carbon
development modes to low-carbon development modes in neighborhoods. Above all, against
a background of rapid urbanization and industrialization, the choice of low-carbon neighbor-
hood construction for carbon-emission reduction and to ease tensions between resources and
environment is inevitable.
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Residents are behavioral agents, performing various activities in neighborhoods. In recent
years, some authorities have carried out a series of empirical studies into people’s low-car-
bon awareness and their actual behaviors and found a low-carbon awareness-behaviors gap
in implementing low-carbon transformation [23, 24]. Furthermore, some papers have elabo-
rated that low-carbon related awareness contributes to an improvement in people’s
participation in low-carbon behaviors [7, 25-27]. Specifically, Ueno et al. (2006) [28] stated
that household members’ energy-saving awareness influenced their daily power consump-
tion of household appliances during standby or operation. Yu ez al. (2011) [29] revealed that
the attributes of household members influenced the energy consumption of appliances and
vehicles. Zhu et al. [30] analyzed residents’ cognition on the low-carbon concept, behaviors
and participation willingness in urban districts. Hori ef al. [25] surveyed the impact of social
interaction, environmentally friendly behavior and global warming consciousness on energy-
conservation behaviors. Han et al. [31] explored factors including knowledge and intention,
as well as circumstances that significantly affect energy-efficient behaviors. Yue et al. [32]
empirically analyzed households’” willingness to adopt different types of energy-efficient
behaviors; these are influenced by socio-demographic attributes, energy-conservation
awareness, behavioral ability and scenarios. Aldred and Jungnickel [33] discussed the impact
of the cultural meanings of cycling, in relation to materials and competences, on cycling
practices in urban areas. As discussed above, most of the previous literature has stressed the
need to facilitate residents’ low-carbon awareness and action-related skills and has put for-
ward low-carbon related awareness from the aspects of personal knowledge, representation
and attitude towards low-carbon objects, such as low-carbon concept, low-carbon related
knowledge or global warming. Few authors, however, defined the concept of low-carbon
cognition clearly before Bai and Liu [23], who defined low-carbon awareness as the status or
quality of value, attitude and knowledge concerning the issue of cutting carbon dioxide
emissions.

Almost at the same time, a growing body of literature carried out studies about low-carbon
behaviors from residents’ lifestyles and consumption patterns, which are closely related to
energy conservation and carbon reduction in neighborhoods [34, 35]. Different solutions for
decreasing the carbon intensity of citizens’ lifestyles are evident from individual behavioral
change [13]. For example, Ouyang and Hokao [36] proved that the improvement of occupants’
energy-conservation behaviors in their domestic life contributed to household electricity sav-
ing. Fan et al. [37] divided end-use activities related to residential energy consumption into
five categories, including lighting, heating and cooling, cooking and water heating, house-
hold appliances and personal transportation. Capstick er al. [38] explored feasible methods
for individuals and households to radically reduce carbon dioxide emissions. In surveying the
policy challenge facing China’s government, Andrews-Speed and Ma [24] discovered the
variability of household energy-saving behaviors.

However, as evident from the above review, few studies researched residents’ cognition on
low-carbon behaviors or measures. However, because, to date, implicit assumptions seriously
inhibit low-carbon actions [38] or residential behaviors do not succeed in changing to the
extent required [24], alternative approaches and fields need to be explored for energy conser-
vation and emission reduction to improve the environment. Research into people’s cognition
on low-carbon paths is conducive to discovering potential areas for people to participate in
low-carbon construction in their daily life. This paper tries to fill this gap and survey resi-
dents’ cognition on low-carbon measures or behaviors to find out potential fields, as well as
ways, for residents to reduce carbon emissions and energy consumption. Moreover, the con-
cept of cognition of low-carbon behavior in this paper is regarded as neighborhood residents’
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knowledge about low-carbon measures or behaviors in their daily life for low-carbon neigh-
borhood construction.

1.3 Importance of resident participation in low-carbon neighborhood construction

The sustainable development of urban communities needs diverse coordinated support, based
on multiple objectives and demands to synchronously improve the physical environment and
people’s perception and behaviors [39—41]; and the same applies to urban neighborhoods,
which are usually considered by social geographers as fundamental elements to create urban
communities [42]. According to past progress and practices, low-carbon neighborhood con-
struction specifically requires policy support from the government, basic protection of
low-carbon technologies and the broad participation of residents [43—45]. Furthermore, com-
pared with the other two requirement, resident participation is identified as playing an even
more crucial role in promoting the construction of low-carbon neighborhoods, firstly, because
it influences the decision-making processes and the implementation effect of low-carbon
related policies and technologies [46] and, secondly, because the low-carbon transition of
residents’ lifestyles contributes to the formation of benign interactions among the economy,
society, culture, politics and ecology [47, 48]. Therefore, resident participation provides an
effective path to engage people individually or en masse in establishing low-carbon neighbor-
hoods. Moreover, either the enhancement of a low-carbon life philosophy or the feasibility
popularization of low-carbon lifestyles cannot be separated from resident participation.

Resident participation in low-carbon neighborhood construction means mobilizing an
individual and collective intention of energy conservation and carbon dioxide reduction for a
prosperous low-carbon economy. Resident participation is an important strategy for the trans-
formation to a low-carbon neighborhood from a traditional high-carbon mode. Within their
daily consumption patterns and lifestyles, there are many ways for neighborhood residents to
participate in low-carbon transition. Residents’ traditional lifestyle paths can be converted to
low-carbon forms in their dietary behaviors, clothing consumption behavior and transporta-
tion [49]. Indicators including natural gas penetration, energy efficiency of household
appliances, green travel ratio and the proportion of new energy vehicles together reflect resi-
dents’ participation in low-carbon activities.

Because residents’ daily mobility has become more and more significant for the sustaina-
bility of urban transport, low-carbon mobility is considered to be representative among
numerous modes of resident participation in low-carbon behaviors. To date, a series of papers
have analyzed residents’ low-carbon mobility. For example, Banister [S0] suggested that flex-
ible paradigm and policy measures are available to realize sustainable mobility, especially in
transport. Russo and Boutueil [51] thought that technological advances, as well as behavioral
and organizational changes, support the transition to low-carbon transport. Prabhu and Pai
[52] elaborated that the promotion of public transport bus services is an important strategy for
reducing urban transport carbon dioxide emissions in Indian cities. Salonen et al. [53] empha-
sized the choices of suburban residents’ daily mobility modes and proved that the respondents
from a metropolitan area in Finland chose considerably more sustainable daily trip practices,
such as walking, public transportation and cycling, rather than car travel. Mendoza et al. [54]
demonstrated the potential to facilitate environmentally friendly mobility, such as e-bike and
pedestrian, with the help of eco-products. Moreover, some authorities explored low-carbon
mobility policies to encourage voluntary travel-behavior change towards low-carbon trans-
port alternatives from highly car-dependent and carbon-intensive patterns [55, 56]. In sum,
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there is a need for research into neighborhood residents’ participation in low-carbon daily
mobility, in urban areas in particular, to support the appropriate development of local trans-
port systems.

1.4 Aim of this study

Low-carbon neighborhood construction is important for the development of a low-carbon
economy and low-carbon society. A questionnaire was launched in a neighborhood located in
Chengyang District of Qingdao, China. The aim of the survey is to investigate resident indi-
viduals’ cognition on low-carbon measures or behaviors in their daily life and their status and
willingness regarding participation in low-carbon mobility. Furthermore, alternative new
approaches for residents to make contributions to cutting carbon emissions in neighborhoods
were discovered. Finally, suggestions were put forward to improve resident individuals’ par-
ticipation in low-carbon related activities in their daily life.

2 MATERIAL AND METHODS

Since 1994, the Administrative Centre for China’s Agenda 21 has constructed over 190 China
National Sustainable Communities in 146 cities to promote sustainable development.
Representative of these is Chengyang district in Qingdao, China, which has simultaneously
been awarded the status of “national ecological demonstration area” and “national green
well-off county”. It has a population of 737.2 thousand and covers an area of 553.2 km?. The
coastal area of Chengyang district has geographic advantages for the use of new energy,
including tidal, solar and wind energy. Low-carbon construction in Chengyang district is a
typical pattern for the low-carbon transformation of new urban districts which have conveni-
ent transportation, modest housing prices, policy support and excellent environments to
attract great numbers of people to settle there. Residents’ cognition of and participation in
low-carbon neighborhood construction is worth exploring to improve their cohesion and
sense of belonging in respect of carrying out low-carbon behaviors.

The gated neighborhood selected in Chengyang district was built in 2011 and covers an
area of 18112 m?, with plenty of public space for residents to interact. It is composed of six
residential buildings and comprises about 2000 residents and 927 households. Though it is
located in a newly developed area, it is surrounded by supporting facilities, such as hospitals,
schools, shopping malls, theaters, banks and railway stations, for public services. Due to its
convenient transportation, modest housing prices and excellent environments, the newly-
built neighborhood attracted many immigrants from rural areas to settle here. In addition, its
neighborhood committee often organizes a series of low-carbon educational activities to
respond to urban development’s requirement for low-carbon transformation. Thus, the inves-
tigation into neighborhood residents’ low-carbon cognition and participation in low-carbon
mobility is meaningful for low-carbon transition in newly developed areas and is conducive
to formulating policies and measures for the relevant authorities.

A questionnaire was designed with multiple-choice answers in combination with com-
ments to investigate resident individuals’ cognition of low-carbon measures or behaviors
related to neighborhood construction and to comprehend their status and aspiration regarding
participation in low-carbon mobility. The created questionnaire was validated previously in
Jiangan district in Wuhan, China. The questions stem from part of our research program and
previous papers. To make it easy to understand and answer, the questionnaire was divided
into three sections (Table 1). Section A contained questions pertaining to socio-demographic
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Table 1 Questions designed for analysis by section

Item Questions References
Section A:  QI. Your age? [31, 32]
Socio- Q2. Your education level?

demographic Q3. Your type of work or study unit?

Attributes

Section B: Q4. Which measures do you think are significantly important [36, 37, 44]
Resident paths for the construction of low-carbon neighborhoods?
Individuals’ (Multi-choice)
Cognition Q5. Which measures or behaviors do you think are the most
effective for saving energy at home? (Multi-choice)
Q6. Which aspects do you think local government should
prioritize when taking measures for low-carbon neighborhood
construction? (Multi-choice)

Section C: Q7. Which mode of daily transportation do you choose? [52, 54]

Resident Q8. Which engine displacement of private cars do you tend to

Individuals’ choose?

Participation Q9. Do you have advice for reducing carbon emissions from
vehicles?

attributes, including responders’ age, educational level and profession. Section B was
designed to investigate resident individuals’ cognition or understanding of low-carbon neigh-
borhood construction. Section C was designed to survey residents’ participation status and
participation willingness in respect of low-carbon transportation. The external forms of low-
carbon neighborhood construction are incarnate from green travel transportation, energy
conservation of residential living and low-carbon consumption [57]. Although residents’ low-
carbon participation ways include many aspects, transportation was thought to be the most
direct and effective measure to reduce carbon emissions in people’s daily lives and to signifi-
cantly reflect people’s low-carbon behaviors. Thus, it was selected for the inquiry into
individual residents’ participation in low-carbon neighborhood construction. The survey con-
tained nine questions, with three in each section. Among them, the first eight questions
offered alternatives, while the last question was open-ended.

The investigation was carried out in public places for residents who lived in the neighbor-
hood and were willing to be interviewed. The questionnaires were distributed during
neighborhood residents’ break times. To obtain representative population samples across
variations and an adequate response rate, accidental sampling, associated with stratified ran-
dom sampling, was adopted to collect samples. Meanwhile, the full range of residents’ ages,
educational levels and professions was covered as far as possible during the survey. During
the data collection stage, the research objective and clear instructions on how the data were
to be used were firstly explained to respondents. Moreover, respondents were well informed
that their responses would remain confidential and only be used for research purposes. Then
questionnaires were handed to each respondent directly, to be filled in under interviewers’
attention. The survey process mainly contained self-administered questionnaires, supple-
mented by semi-structured interview methods, to complete each questionnaire. Meanwhile,
self-administered semi-structured interviews with neighborhood residents helped researchers
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to discern their knowledge about low-carbon related ideas and give appropriate explanations
as required. Each questionnaire took about 15 minutes to complete. The participants were
followed up and received a small gift as a reward for filling out the questionnaires at the end.
Finally, questionnaires were recovered directly from these interviewees.

In addition, EXCEL statistical software was used for the statistical analysis of the sample
data. The descriptive data and categorical variables were both expressed as percentages. The
comments advised by respondents were summarized point by point.

3 RESULTS
3.1 Section A: characteristics of samples

A total of 122 questionnaires were distributed and 122 were retrieved. After screening, four
invalid questionnaires due to absent items were deducted, and 118 valid questionnaires were
used for the research, with an effective return rate of 94.4%. The ages of participants ranged
from 17 to 56 years, with a mean of 27.42 and a standard deviation of 7.29 years. From the
survey’s distribution of socio-demographic characteristics (Table 2), the interviewees covered
inhabitants of different ages, cultural levels and occupations in the neighborhood. According
to the information provided by the neighborhood’s property managers, the sample basically
reflects the current status of residents. Thus, the neighborhood-based survey is representative
enough to reflect the whole population living here. Furthermore, the basic statistical informa-
tion about respondents was in line with our research demand, without greatly skewed
distribution. Respondents’ age distribution shows that the survey mainly collected samples
under 29 years of age, accounting for 54% of the total. In the aspect of education, 53% of the
respondents had a bachelor’s degree or above. Respondents’ good educational background is
beneficial to local sustainable development. As for occupation, 35% of respondents were
enterprise employees. Interviewees who chose the option of ““ other” accounted for 30% of
the total and were comprised chiefly of self-employed businessmen.

3.2 Section B: low-carbon cognition

Survey question 4 was used to collect data on residents’ cognition of ways to carry out low-
carbon neighborhood construction. The statistical results are shown below (Fig. 2). “Energy

Table 2 Socio-demographic attributes of samples

Age Percentage Educational level Percentage Occupation  Percentage
<20 years old 16% Middle School or 15% Enterprise 35%
Below Employee
21-29 years old 38% High Schoolor  32% Government  16%
Technical School or Institution
Employee
30-39 years old 28% College 49% Student 19%
40-49 years old 12% Graduate 4% Other 30%

>50 years old 6%
Total 100% Total 100% Total 100%
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Figure 2: Paths for carrying out low-carbon construction in neighborhoods
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Figure 3: Cognition of energy-saving behaviors at home

conservation and resource circulation” were thought to be the most important paths for low-
carbon neighborhood construction by 72% of respondents, followed in turn by 67% for
“afforestation”, 46% for “exploitation of new energy” and 42% for “development of public
transportation”. Thus, over 40% of respondents had a certain amount of cognitive reserves
about different low-carbon measures, which can be classified as carbon source control and
carbon sinks expansion.

Survey question 5 was used to collect data on residents’ cognition of energy-saving behav-
iors at home. The statistical results were achieved as follows (Fig. 3). Respondents’ cognition
on low-carbon behaviors in their daily life covers a wide range. These residents paid the
greatest attention to residential central heating, which accounted for 48%, followed in turn by
domestic water recycling, the use of solar power, the use of energy-saving appliances and
resourceful utilization of waste, accounting for 37%, 33%, 27% and 32%, respectively.
Meanwhile, the selected portions of “adoption of central cooling system™ and “acceptance of
laddering electricity price” are very small, accounting for 12% and 11%, respectively. This
shows that residents’ cognition of measures in low-carbon neighborhood construction remain
rooted in traditional aspects of energy conservation. Thus, there is a need to further strengthen
related publicity and education.

Survey question 6 was used to collect data on the areas in which respondents expected
local government to increase policy support and capital investment for the low-carbon devel-
opment of neighborhoods. The statistical results are shown below (Fig. 4). Over half the
people chose “greenland construction” (61%) and “pollution control” (59%), followed by
“energy efficient buildings” (46%), “public transportation” (43%), and “construction of
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Figure 4: Different aspects for government to increase policy support and capital investment
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Figure 5: Statistical analysis of respondents’ daily mobility: (a) mode choices (b) tendency to
purchase private cars with engine displacement

public places and facilities” (41%). Meanwhile, “propaganda work™ and “rewarding low-
carbon behaviors” accounted for 28% and 25%, respectively. Thus, residents want the
government to improve different aspects of low-carbon development to guarantee their
implementation conditions, especially in the field of greenland construction and pollution
control.

3.3 Section C: participation in low-carbon mobility

Figure 5(a) shows the analyzed results of the respondents’ traveling modes, based on Q7. The
figure shows that 69% of respondents chose low-carbon traveling modes, which were consti-
tuted of public transportation (32%), walking (22%) and bicycles or electromobiles (15%).
The choice of private cars and taxis accounted for 29% and 2%, respectively. While filling
out survey question 8, the resident individuals were first asked to answer whether they owned
a car. Response categories contained “Yes” and “No”. If the answer was “Yes”, they were
asked which car with engine displacement they owned. Then they were asked which car with
engine displacement they would use if they could choose. If the answer was “No”, they were
asked directly which car with engine displacement they would choose. From the question-
naire survey conducted, 28% of respondents had their own cars. The other 72% of respondents
did not own cars. The respondents who chose vehicles with less than or equal to 1.8-liter
engines accounted for 64% of the respondents who owned cars. The statistical results of all
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respondents’ purchase tendency of private cars with engine displacement can be integrated
together for comparative analysis (Fig. 5b). The figure shows that most respondents preferred
vehicles with low engine displacement, with 47% choosing 1.6-liter engines and 24% choos-
ing 1.8-liter engines. But there are still 29% who chose vehicles with engine displacement
equal to or more than 2.0 liter.

Finally, according to open-ended Question 9, advice put forward by respondents for reduc-
ing carbon emissions from vehicles were summarized as follows. (1) It is necessary to strictly
control the number of private cars on the road to minimize tailpipe emissions which cause
serious air pollution. (2) A preferential policy, such as lower fares and priority development
of public transport, helps raise the frequency and proportion of traveling by public transit
systems. (3) Vigorous promotion of energy-saving vehicles, accompanied by a big improve-
ment in subsidies for public transportation, can help reduce carbon emissions. (4)
Neighborhood residents can be encouraged to participate in low-carbon travel by increasing
the number of bus stops, bike stations and railway facilities. More greenways also contribute
to encouraging residents to drive cars less and walk more. (5) Preferential measures and ser-
vices for cars with small engine displacement can draw residents away from a high tax for
vehicles with high engine displacement to buy more environmentally friendly cars. (6)
Strengthening education for residents is the primary task for improving residents’ participa-
tion in low-carbon travel.

4 DISCUSSION
4.1 Main findings
The statistical analysis of the questionnaires reached the following conclusions.

1. The respondents had a relatively high-level cognition of low-carbon neighborhood con-
struction, probably because more than half the respondents possessed a high-level edu-
cational background. Respondents realized that energy conservation, resource circulation
and afforestation are highly conducive to low-carbon neighborhood construction. In their
daily life, however, residents pay more attention to the adoption of home heating, water
recycling, use of solar power and energy-saving appliances. The small proportions of
those selecting “adoption of central cooling system” and “acceptance of laddering elec-
tricity price” indicated that residents’ cognition of low-carbon behaviors is still rooted
in traditional aspects of energy conservation. There is potential for residents to reduce
carbon dioxide from domestic low-carbon behaviors. Besides further strengthening the
related publicity and education, the improvement of the different aspects of low-carbon
development by the local government will help to guarantee residents’ implementation
conditions, especially in the fields of green land construction and pollution control. In
sum, the popularization of low-carbon lifestyles in all directions seems to be an important
mission of low-carbon transition in the near future.

2. Most neighborhood residents participated in low-carbon transportation and realized that
traffic carbon emission was the main cause of air pollution. Almost 70% of residents
chose low-carbon travel, such as public transportation, walking and biking. About 50% of
residents tended towards low-emission vehicles, which is likely to be a potential field for
residents to participate in low-carbon behaviors. They also made some recommendations
for improving the quality of the living environment, from the perspective of transporta-
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tion, in response to open-ended Q9, such as strict control of the number of private cars,
encouraging walking, development of public transportation and promotion of energy-
efficient cars. The results showed the importance of good traffic conditions and local
economic development level for people’s active participation. In addition, many universi-
ties, such as Qingdao Agricultural University and Qingdao University of Technology in
Chengyang district, often carried out low-carbon activities. Radiation of these activities
would effectively promote the low-carbon development of their neighborhood and their
surrounding neighborhoods. Moreover, these universities provide long-term power for
neighborhoods’ low-carbon transformation.

4.2 Suggestions

The transition of low-carbon lifestyles directly affects neighborhoods’ original operation
mode. Resident participation promotes the shifting of neighborhoods’ paradigms from tradi-
tional high-carbon ones to low-carbon ones. The following suggestions are proposed to
encourage individual residents’ participation in low-carbon neighborhood construction,
based on the existing literature and inspiration from the findings.

1. The enhancement of interactions among neighborhood residents helps facilitate resident
participation in the low-carbon transition of neighborhoods, because flexible individual
behaviors are very likely to expand opportunities for informal meetings or gatherings
to accomplish one goal [58]. However, with China’s modernization and urbanization,
residents of different cultures and ethnicities gather and live in urban neighborhoods,
especially those formed by high-rise residential buildings, which leads to a decrease
in interactions and an increase in indifference among neighborhood residents [59, 60].
Moreover, lack of trust and cooperation among individuals affects residents’ participation
enthusiasm and effectiveness and hinders their autonomy in low-carbon neighborhood
construction. Hence, interactions among neighborhood residents promote individual par-
ticipation in behavioral change to low-carbon transition.

2. Public spaces, including residential landscaping and entertainment areas, are conducive
to individual residents’ participation in low-carbon neighborhood construction. On the
one hand, residential landscaping in neighborhoods not only plays a vital role in increas-
ing carbon sinks and reducing heat island effect [61, 62], but it also provides continuous
and comfortable use for residents to stay longer [63]. That is to say, green space helps to
extend residents’ period of residence in one neighborhood, which is conductive to ulti-
mately achieving the sustainable development. Moreover, some environmentalists initiate
environmentally-friendly buildings for enjoying sustainable landscaping, which is pre-
ferred by eco-conscious consumers [64]. In brief, residents’ participation in low-carbon
neighborhood construction can be effectively advanced by sustainable utilization of green
space. On the other hand, activity areas increase the possibility of engagement and in-
teraction among neighborhood residents [63]. Furthermore, entertainment areas provide
platforms for residents to learn and exchange experience or knowledge of low-carbon
neighborhood construction.

3. The construction of low-carbon neighborhoods calls for residents to be empowered by
increasing their involvement in decision-making about their own lives [65, 66]. The re-
construction of a bottom-up power structure stimulates individual residents’ initiatives
and ultimately contributes to achieving a self-governing and citizen-led governance mode
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[67]. The approach of empowering neighborhood residents helps them to develop or-
ganizational structures and aggregate public initiatives for participation, and to jointly
discuss and create strategies for the environment [66, 68]. Residents’ self-governance ef-
fectively promotes durable participation in low-carbon behaviors, as long-term residents
in a neighborhood are relatively clear about how to use resources rationally and protect
the ecological environment. Furthermore, self-education through resident brainstorming
can best meet the population’s needs and help to reduce carbon emission in neighbor-
hoods. More specifically, participants can fully take into account the combination of a
consensus, based on shared and private spaces such as kitchens, laundries, lawns and
libraries, to design an autonomous neighborhood. In this way, household expenses can be
reduced by energy saving and resource conservation. In sum, it is necessary to mobilize
residents’ low-carbon behaviors and encourage them to consciously practice low-carbon
ideas in their daily lives.

4. Tt is necessary to consider policy and regulations in supporting resident participation in
low-carbon neighborhood construction. In order to promote the implementation of green
technologies and strategies in low-carbon development at the neighborhood level, policy
innovation is demanded to incorporate new information and ensure the effectiveness of
execution [69, 40]. More than that, low-carbon oriented policies encourage residents’ par-
ticipation in low-carbon behaviors in their daily lives for a more sustainable environment
[3, 70, 9]. Feasible administrative mechanisms enhance scientific decision-making for the
low-carbon transition of neighborhoods [71]. Therefore, policy formulation is conducive
to consolidating resident participation.

5. Non-governmental organizations help to facilitate resident individuals’ participation in
low-carbon neighborhood construction. With environmentalism or green living becoming
a global movement, many organizations have been formed, based on this theory, to help
govern people’s living styles [72]. Firstly, these organizations have the advantage of being
close to the grassroots to improve residents’ awareness of sustainable development [73].
Meanwhile, they help neighborhoods establish incentive mechanisms in environmental
protection to attract resident participation in low-carbon neighborhood construction. Sec-
ondly, due to their advantages of flexibility and adaptation, non-governmental organiza-
tions can adjust immediately, according to residents’ advice, to deal with environmental
issues and embody residents’ values of participation initiatives [74]. Thus, it is necessary
to emphasize the roles of non-governmental organizations in promoting individual par-
ticipation in low-carbon neighborhood construction.

4.3 Limitations

The findings in this report are subject to several limitations. Firstly, a non-response bias could
not be ruled out because participation in the study was voluntary and the residents who chose
to answer the questionnaire may have been more concerned about other low-carbon behav-
iors than other residents. Secondly, using self-answered questionnaires possibly increases the
proportion of dishonesty in the given answers. The data acquired is subjective. Thirdly, the
study only considered traffic and travel but no other aspects related to low-carbon behaviors,
such as usage patterns of domestic energy by dwelling. In addition, as a descriptive essay, the
relationship between neighborhood residents’ social-demographic characteristics, their cog-
nition of low-carbon behaviors and their participation in low-carbon mobility is not discussed.
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However, statistical results depict the existing gap between the goal and the status of carbon
reduction and may clarify the ways for advancing towards low-carbon neighborhood
construction.

5 CONCLUSIONS

The empirical study carried out a questionnaire survey to investigate residents’ cognition on
low-carbon behaviors in low-carbon neighborhood construction and their status and willing-
ness regarding participation in low-carbon mobility. The results showed that individual
residents’ cognition of measures for low-carbon neighborhood construction was still rooted
in the traditional aspects of energy saving and emission reduction. Their behaviors showed
interest-oriented modes. Thus, it is important to enhance the propaganda and education about
low-carbon ideas. In the aspect of transportation, most residents are willing to practice low-
carbon mobility, possibly because of the relatively high economic development level and
good traffic conditions in the newly developed urban neighborhood.

To achieve low-carbon styles in residents’ attitudes to consumption and modes of travel in
the future, it is necessary to improve low-carbon neighborhood construction from the techni-
cal, theoretical, organizational and institutional aspects. Resident participation in low-carbon
behaviors contributes to low-carbon neighborhood construction. The mobilization of resi-
dents’ enthusiasm for participation makes them voluntarily practice low-carbon lives.
Neighborhood residents in the subject district did show potential for low-carbon behavior
change in their daily life, such as central cooling and laddering electricity prices. Their
involvement in low-carbon behaviors can be encouraged with guaranteed conditions. Over-
all, this paper is exploratory in nature and aims to identify potential fields of significant
emissions’ reduction that can be confirmed in later research.
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APPENDIX

Note Items Options

1 Your age? 0 <20
021-29
o 30-39
0 40-49
0 >50
2 Your education level? o Middle School or Below
o High School or Technical School
o College
o Graduate
3 Your type of work or study unit? o Enterprise Employee
o Government or Institution Employee
o Student
o Other
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Note Items

Options

4

Which measures do you think constitute

significantly important paths for the con-
struction of low-carbon neighborhoods?

(Multi-choice)

Which measures or behaviors do you
think are the most effective for saving
energy at home? (Multi-choice)

Which aspects do you think local gov-
ernment should prioritize when taking
measures for low-carbon neighborhood
construction? (Multi-choice)

Which is your main daily mode of trans-
portation?

Do you own a car?

1. If yes, what is your car’s engine dis-
placement?

2. Moreover, if you could choose, which
engine displacements of private cars
would you purchase?

3. If no, which engine displacements of
private cars would you tend to choose?

o Afforestation

o Exploitation of new energy

o Development of public transportation

o Energy conservation and resource
circulation

o Adoption of central heating system

o Adoption of central cooling system

o Using energy-saving appliances

o Acceptance of laddering electricity
price

o Using solar water heaters

o Recycling domestic water

o Resourceful utilization of waste

o Pollution control

o Green land construction

© Public transportation

o Construction of public places and
facilities

o Propaganda work

o Rewarding low-carbon behaviors

o Energy-efficient buildings

o Walking

o Bicycles or electromobiles

o Taxis

© Public transportation

© Private cars

o Yes o No

o 1.6L o 1.8L o 2.0L o>2.0L

o1.6Lo1.8Lo20Lo>20L

o1.6Lo1.8Lo2.0Lo>2.0L

Do you have advice for reducing carbon emissions from vehicles?
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