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Abstract: Within the context of China’s commitment to carbon reduction goals, particularly in urban
areas, addressing carbon emissions stemming from residents’ travel activities assumes paramount
significance. Drawing upon established theoretical frameworks, this study advances several hypothe-
ses delineating the determinants of low-carbon behaviors among urban residents. It analyzes panel
data from 30 provincial capitals in China using a time—individual dual fixed effects model. This
study empirically scrutinizes the posited theoretical model, aiming to elucidate the factors shaping
urban residents’ low-carbon behavioral patterns and provide a decision-making basis for low-carbon
construction and management of urban space. The findings underscore several notable associations.
The disposable income, population density, and urban built-up areas exhibit significant positive corre-
lations with carbon emissions among residents. Conversely, the urban gross domestic product (GDP)
displays a significant negative correlation with carbon emissions. Furthermore, a positive correlation
is discerned between the expanse of green spaces and the per capita carbon emissions intensity, while
the availability of subway systems exhibits a negative correlation with both the per capita public
green space area and the carbon emissions intensity. Notably, the configuration intensity of urban
bus systems manifests an inverted U-shaped relationship with residents” carbon emissions intensity.
Specifically, within a certain threshold, an escalation in the bus equipment intensity coincides with
heightened carbon emission intensity; however, beyond this threshold, a notable reduction in the per
capita carbon emissions intensity ensues. Additionally, a U-shaped relationship is observed between
the number of urban parks and residents’ carbon emissions intensity, indicating that an increase in
parks may not necessarily contribute to carbon reduction efforts. Moreover, a discernible synergy
is observed among various factors influencing carbon reduction efforts. These factors encompass
residents” education levels and disposable incomes, the presence of subway and regular public
transportation systems, urban land utilization scales, economic development levels, green space
provisions, public transportation infrastructure, population densities, and land equilibrium. This
interplay underscores the interconnectedness and interdependence of diverse variables in shaping
strategies for mitigating carbon emissions within urban contexts.

Keywords: carbon emissions; low-carbon behavior; residential carbon emissions; influencing factors;
multiple regression

1. Introduction

The increase in greenhouse gas emissions during the global economic and social
development process poses a serious threat to the ecosystem and human living environment.
The Chinese government has proposed the “dual carbon goals” of achieving “carbon peak”
by 2030 and “carbon neutrality” by 2060, and energy conservation and emissions reduction
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have become important development strategies for China at present [1]. The research on
the impact of carbon emissions by different scientists has a long history, and corresponding
strategies for reducing carbon emissions have been proposed from different perspectives.
From the perspective of research scope, research on different regional scales such as the
national level [2-5], the urban agglomerations [6,7], and the urban [8-12] level is currently
the main focus of research. Based on the reality of China’s economic and social development,
the benign development path of low-carbon industries [13] and the regional differences in
energy consumption under the background of rapid development [2,3] have become the
focus of regional low-carbon development research by Chinese scholars.

Based on the practical significance of guiding the formulation of low-carbon develop-
ment strategies in various regions through research results. Scholars from various fields
worldwide are also vigorously exploring factors that can affect carbon emissions, mainly
focusing on analyzing and studying the carbon emissions of certain regions and specific
social activities. For example, Anne Aguiléra (2014) emphasized the importance of the
proximity of workplaces to public transportation systems in reducing carbon dioxide emis-
sions, based on the relationship between urban forms and commuting patterns in Paris,
as well as related carbon dioxide emission surveys [14]. Alex Singleton (2013) modeled
the carbon dioxide emissions of British students commuting from home to school and
found that the areas with the highest carbon emissions are usually rural or wealthier, with
emissions positively correlated with the academic year [15]. In Brazil, the population and
per capita GDP significantly impact CO, emissions [16]. For economically developed re-
gions like Europe, North America, and Japan, income growth is the most important driving
factor for CO; emissions. In recent decades, technological change and fuel conversion
have become crucial for reducing emissions in Europe [17]. In Latin America, population
growth is a significant driving factor [18]. Onicha Meangbua (2019) studied the impact
of socio-economic and demographic factors on changes in the carbon dioxide demand in
Thailand and found that temperature is the most critical factor, with education being a key
driving factor, positively affecting the direct energy and carbon dioxide demand [19]. The
population, per capita GDP, and energy intensity are the main driving factors affecting
changes in energy-related CO, emissions in Malaysia [20].

Exploring the factors influencing household carbon emissions is also a research focus
for many scholars. Reznik Ariel (2019) conducted a comprehensive high-resolution spatial
analysis of greenhouse gas emissions related to private car travel among residents of Tel
Aviv Jaffa in Israel, taking into account various urban social spatial factors [21]. Nair
Sumita (2019) studied the relationship between household carbon emissions, income, and
household size in three regions of India, finding that the household size and carbon dioxide
emissions from different activities significantly impact the total emissions [22]. Dantong
Wang et al. (2018) proposed an energy consumption regression method based on the Ur-
banSim model to model and simulate household energy consumption and carbon dioxide
emissions in the Atlanta Circle area over 30 years of planning, suggesting the introduction
of a travel demand model for a more reasonable simulation [23]. Japanese scholars have
estimated the direct and indirect carbon emissions of multi-person households in 49 cities,
showing that direct and indirect carbon emissions are almost the same, highlighting the im-
portance of lifestyle improvements for energy conservation and reducing carbon emissions
related to product and service consumption [24]. Low-carbon behavior, as a resource-saving
and environmentally friendly behavior, affects the daily life and consumption patterns of
residents, thereby reducing greenhouse gas emissions from daily activities. Transforming
the preferences of residents for travel modes is beneficial for reducing the carbon emis-
sions from travel [25], and the sustainable construction of low-carbon cities still requires
identifying the influencing factors of residents’ low-carbon behavior.
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From the existing research, it is evident that studies on low-carbon factors cover vari-
ous fields, such as economy, society, and space. However, there are noticeable shortcomings,
such as relatively little research on the coordinated carbon reduction of urban factors. A city
is a complex system, and the interaction between various elements is crucial for ensuring
the normal operation of urban functions. Based on historical data related to the carbon
emissions and urban space of urban residents, this article explores the correlation factors
affecting the carbon emissions intensity of urban residents under carbon reduction goals
using multiple regression models. The focus is on analyzing the collaborative carbon
reduction mechanism between different urban elements in the complex urban system.
By measuring the correlation between urban elements and carbon emissions intensity,
this article strives to provide new ideas and methods for constructing and managing
low-carbon cities.

2. Literature Research and Hypotheses

To explore the influencing factors of carbon emissions from urban residents, this article
reviews relevant existing research results and proposes hypotheses for single-factor and
multi-factor collaborative carbon reduction from spatial environmental comfort, socio-
economic factors, and urban public facilities.

2.1. Carbon Reduction Effect of Spatial Environmental Comfort

The principal indicator of the urban spatial environment’s comfort lies in the degree
of physical and psychological comfort experienced by its residents during utilization.
Within this framework, psychological comfort encompasses two pivotal facets: the overall
pleasantness of the space and the establishment of a secure atmosphere. The experience of
security and comfort is often obtained by residents directly using various micro-scal space in
the city. It is not difficult to understand that micro-scale urban spaces affect residents” daily
travel and carbon emissions by influencing their usage experience [26]. Related studies
have shown that walking space safety will affect residents” walking decisions, outdoor
activities, and social activities, and it will reduce energy consumption by increasing the
frequency of outdoor activities for residents. Research on the choice of nighttime travel
modes for residents also indicates that different forms of green layout [27], nighttime
road lighting [28], green coverage and positive street interface [29] will affect the choice
of nighttime travel modes for residents by affecting their sense of security in the spaces
they use. The impact of urban spaces on residents’ travel choices through different user
experiences can be reasonably inferred, which in turn affects the path of carbon emissions
in daily life.

The width of sidewalks [30] and the cleanliness of roads [31] affect the safety and
comfort of pedestrians, especially in some cities where road rights are not clear enough.
The width of roads affects the user experience of the walking space for residents in mixed
traffic with non-motorized vehicles, thereby affecting their choices regarding low-carbon
travel. The safety guarantee for low-carbon travel for residents is also reflected in the
degree of separation between walking, non-motorized travel, and motorized transportation,
especially in cities where the maintenance of vehicle speed is an important principle. The
key to maintaining residents’ choice of low-carbon travel is whether it can be safely and
conveniently separated from and cross over with motorized vehicles to a certain extent.
Related studies have shown that in urban intersections with high traffic volumes, it is
necessary to set up three-dimensional crossing facilities [32], such as overpasses, safety
islands, etc., which can increase the low-carbon travel frequency of residents from both the
convenience of walking and the spatial safety.

Various scales of urban street space elicit distinct psychological responses among
residents. Factors such as the aspect ratio of streets and the height of the buildings lining
them contribute to diverse spatial perceptions. The oppressive or open spatial atmosphere
determines how residents use the space. Research has shown that increasing the height of
buildings can increase the probability of residents choosing to walk [28]. The oppressive
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perception of the street space has forced some residents to give up using private cars
for transportation, which is also related to the higher buildings bringing about greater
traffic volumes.

Hypothesis 1: The comfort of the walking environment can reduce carbon emissions by promoting
active low-carbon travel among residents, and the spatial perception of the urban environment can
change the carbon emissions intensity by promoting changes in residents’ travel patterns.

Park green space is one of the important destinations for the daily low-carbon travel of
residents, and its carbon reduction effect is mainly reflected in guiding outdoor activities for
residents. The types of travel by residents to park green space can be divided into holiday
travel and nearby travel [33]. For nearby travel, due to the uneven distribution of most
urban parks, the unfairness of walking in parks is much greater than that of vehicles from
the perspective of a complete community or living circle [34]. The increase in the number of
parks and the reduction in service radius are effective measures to strengthen the walking
accessibility of parks. The choice of travel modes for residents often becomes the key to
whether large green spaces can reduce carbon emissions from their daily lives, and resident
travel methods are positively influenced by factors such as bus route density [29]. As the
number of parks increases and the service radius decreases, people’s opportunities to choose
parks nearby increase [34]. In particular, the construction of specialized parks can attract
targeted travel from residents with different entertainment preferences. Distributed rather
than centralized travel destinations are beneficial for alleviating urban traffic congestion
and reducing energy consumption. At the same time, the increase in investment and energy
consumption caused by park construction, as well as the energy consumption generated
during park operation, can all lead to an increase in emissions. Based on the above analysis,
we can make the following reasonable assumptions.

Hypothesis 2: There is an optimal number of parks in cities, and the carbon emissions generated by
redundant park construction and operation processes are not sufficient to offset the carbon reduction
that parks guide residents to low-carbon travel.

2.2. The Impact of Social and Economic Factors on Carbon Emissions

In addition to necessary energy consumption, such as the consumption of food and
water resources, the level of carbon emissions in residents’ daily lives is often constrained
by their choices of lifestyle, such as whether to adopt low-carbon lifestyles and behaviors.
The prerequisite for low-carbon behavior is whether residents have a correct understanding
of low-carbon [4,35]. After addressing which behaviors can reduce carbon emissions,
the amount of carbon emissions is directly linked to whether residents choose this low-
carbon behavior. Related studies suggest that environmental awareness is the main factor
affecting low-carbon behavior among residents [36,37], and promotion and education [38]
are effective ways for residents to establish low-carbon awareness. At the same time, low-
carbon life skills also come from learning experience and scientific methods. The length of
education of residents and the proportion of highly educated talents in the population can
directly affect their carbon emissions by influencing their low-carbon behavior.

From the perspective of the source of energy consumption in household life, high-
income households often purchase a wider variety of high-power electrical equipment
such as air conditioners and vacuum cleaners when pursuing a high quality of family life,
which is the main source of carbon emissions in household life. Relevant studies have
shown a significant positive correlation between household income and low-carbon travel
among residents [39]. The higher the household income, the more likely they are to choose
low-carbon travel, and residents with self-owned property rights are also more willing to
adopt low-carbon behavior [36]. However, some scholars believe that low-income families,
due to their limited purchasing power, tend to prefer low-carbon transportation such as
walking and cycling [40,41]. The difference between the two lies in the fact that households
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with different incomes are at different stages of carbon consumption development. The
low-carbon behavior of high-income groups is an independent choice, while the low-carbon
travel of low-income families is a helpless behavior. From the existing research results,
there is a U-shaped relationship between the household income and the frequency of
low-carbon travel behavior. Overall, high-income households have more household energy
consumption and consumption of high carbon emissions coefficient goods than low-income
households [42], which inevitably leads to an increase in indirect carbon emissions. The
reduction of household carbon emissions depends on the reduction of household energy
consumption other than low-carbon travel, that is, the improvement of low-carbon behavior
and awareness in household life. Based on the above analysis, hypothesis 3 is proposed.

Hypothesis 3: The improvement of education level can weaken the positive correlation between
residents’ income level and carbon emissions from daily life.

In China, there is a positive correlation between urban size and economic develop-
ment level, and large cities often have higher levels of economic development. Related
studies suggest that urban economic growth will drive an increase in the per capita carbon
emissions for residents [22], which can be explained by the fact that a growing economy
requires more energy consumption. Cities with higher levels of economic development
are more capable of constructing and improving their infrastructure and public service
facilities, and reducing the per capita carbon emission intensity during the operation of
infrastructure and public service facilities through economies of scale. The well-developed
infrastructure and well-designed public service facilities in big cities can better exert ag-
glomeration effects, thereby reducing the per capita carbon emissions intensity during the
operation of infrastructure and public service facilities. At the same time, large cities have
a higher proportion of high-quality population than small and medium-sized cities, and
their low-carbon awareness is stronger. Low-carbon behavior is more frequent. From the
horizontal comparison of household carbon emissions in regions with different levels of
development, it can be seen that due to the consistent purchasing power parity level and
economic development level among different cities in China [43], the price level in econom-
ically developed cities is higher, which to some extent affects the high energy consumption
behavior of households and has the possibility of reducing household carbon emissions.
On the other hand, the employment and living space of residents gradually separate and
become imbalanced with the expansion of the urban scale [44,45]. The transportation costs
and energy consumption brought about by commuting will continue to increase. This also
easily leads to more serious congestion in urban transportation, further exacerbating urban
transportation carbon emissions [46].

From the perspective of urban functional zoning, the reasonable allocation and layout
of construction land among different types of cities is fundamental to ensuring the rational
use of various urban functions, which can be expressed by the degree of mixed construction
land. Related studies have shown that the lower the degree of mixed use of land in a certain
area, the more frequent the residents’ cross-district travel, the longer the travel distance,
and the higher the carbon emissions during travel [47]. However, this view is only valid at
the level of urban areas, and the improvement of land mixing in a certain area is a process
of transforming from a single land use to a mixed use of land in different cities. Residents
can enjoy sufficient public services without leaving the area. At the urban level, there is
not much change in the types of construction land, and the improvement of the balance is
caused by the convergence of the proportion of various types of land. In the early stage
of urban expansion, the newly added land functions are concentrated in public service
facilities, transportation and other land types with relatively small proportions. This is the
basic model of urban expansion in China [48,49]. That is to say, while expanding the urban
scale, moderately increasing and reducing the mixing degree of urban land, and promoting
the integrated construction of various types of construction land, can strengthen the carbon
emissions intensity increase brought about by the expansion of the urban scale.
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Hypothesis 4: There is a negative correlation between the intensity of carbon emissions from the
daily lives of residents in large cities and the level of economic development of the city. and an
increase in urban size will strengthen this negative correlation.

Hypothesis 5: The decrease in the mixing degree of urban construction land can weaken the trend
of the increasing domestic carbon emissions intensity caused by urban expansion.

2.3. Carbon Reduction Mechanism of Urban Public Facilities

Urban public transportation is often regarded as the main low-carbon mode of trans-
portation for residents due to its lower per capita energy consumption. Its accessibility [3,50]
determines the service capacity of the public transportation and the degree of attraction
to low-carbon travel choices for residents. Related studies have shown that balanced
spaces with strong road network connectivity and dense transportation stations are more
conducive to green travel for residents [51]. In areas with a high density and good acces-
sibility of bus stops, people are more inclined to use green transportation methods [52].
However, the drawbacks of the public transportation system in big cities are also evident,
such as longer commuting distances, slower bus speeds, and greater impact on travel time
and costs from urban transportation. There have been studies on optimizing the public
transportation system in large cities, which suggest that a multi-level public transportation
system dominated by high-capacity buses is more advantageous for improving urban
public transportation conditions [53]; The construction of rail transit is positively correlated
with low-carbon travel for residents [54], especially the supply of subway services can ef-
fectively reduce carbon emissions during travel [25,55]. The collaborative carbon reduction
mechanism between urban rail transit and conventional public transportation systems is a
topic worth exploring. The operation mode of the subway has the advantages of fast speed
and no traffic congestion, fixed driving speed, predictable travel time and cost, and high
convenience; In the situation where the urban road traffic tends to be saturated, increasing
conventional public transportation can increase transportation capacity and reduce the
service radius of bus stops, but it cannot guarantee driving speed, which has a significant
impact on residents’ public transportation choices. Based on the above analysis, we can
make the following reasonable assumptions.

Hypothesis 6: The conventional public transportation system has the advantage of a wide range of
services, while rail transit has advantages in speed and volume of long-distance transportation. The
construction and operation of subways can form a fast and convenient replacement system together
with the conventional public transportation system, significantly strengthening the synergistic
relationship between conventional public transportation and carbon emissions.

The “last mile” from urban public transportation stations to communities is also
an important factor affecting whether residents choose public transportation for travel.
Its influencing factors include residents” acceptance of the distance and the comfort and
safety of walking or non-motorized travel space. Related studies have proven that the
environmental quality and spatial interface of urban spaces have a strong guiding effect on
residents” walking choices [29]. When the comfort experience of residents walking from the
community to bus stops outweighs the adverse experience brought about by the increase in
walking time costs, it is reasonable to believe that the comfort of the walking environment
increases the probability of residents choosing bus travel.

Hypothesis 7: The comfort level of the urban walking environment can guide residents to take public
transportation, thereby strengthening the positive relationship between urban public transportation
and carbon emissions from residents’ daily lives.
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3. Research Methods
3.1. Construction of Econometric Models

Based on the theoretical analysis and proposed hypotheses, this article takes 30 provin-
cial capitals and municipalities directly under the central government in China as the
research object, focusing on exploring the impact of urban economic, social, and demo-
graphic factors on the carbon emissions of urban residents. Logarithmic processing of
relevant variables was performed to alleviate heteroscedasticity. During the data analy-
sis process, a Hausman test was conducted, and the results showed a p-value of 0.0000,
rejecting the original hypothesis and indicating that a fixed effects model should be used.

Based on the study of 30 urban individuals and their different attributes in the paper,
there are fixed characteristics such as size and population among urban individuals, and
the impact of different attributes of urban individuals on the dependent variable varies.
At the same time, there are differences in low-carbon management levels among different
cities, which cannot be observed. Therefore, an individual fixed effects model is selected
for analysis. Wald'’s test was performed on the panel data, but the time effects model did
not pass the test, confirming the analysis results that require a fixed effects model. The
model is constructed as follows.

The model is constructed as follows.

Cit = a; + Be)_main Ej; + ) control Ky + i + €j

(i=1,2,...,30; t = 2002,2003, ...,2019) @
This model investigates the impact of external factors such as the comfort of the
walking environment and the service capacity of public facilities in cities, as well as internal
factors such as the income and education level of citizens, on carbon reduction in their daily
lives. Cj; represents the residential carbon emission intensity of City i in year t. main Ej;
represents the external factors such as the walking environment comfort, public facility
service capacity, as well as the internal factors such as the citizen income and education
level of City i in year t. control Kj; represents the control variable K of City i in year £, y;
represents the individual effects, é; represents the time effects, and ¢;; represents a random
disturbance term, which are unobserved variables.

3.2. Data Sources and Variables

The macro data of urban economic development come from the global economic and
financial database, and the data related to urban construction come from the annual China
Urban Construction Yearbook and the macro data of prefecture level cities in the global
economic (financial) database. Due to the impact of COVID-19, the Chinese government
implemented various epidemic control measures between 2020 and 2022, including sus-
pending all social activities of urban residents. These measures caused abnormal carbon
emissions in residents’ lives and urban economic and social activity data, significantly im-
pacting the analysis results. Therefore, data from 2002 to 2019 were selected as the sample
interval, and after removing missing samples, the final sample size obtained through data
processing was 487.

In variable processing, indicators such as the green space rate (GSR) and greening
rate (GR) serve to delineate the comfort of pedestrian spaces within urban built-up areas.
Meanwhile, metrics such as the urban built-up area (UBA) and population density (PD)
are employed to characterize the dimensions and dispersion of urban locales. The average
wage (AW) of residents is utilized to gauge the income levels prevalent among urban
inhabitants, while the per capita public green land area (PPG) and bus configuration
intensity (BCI) are leveraged to assess the extent of urban public service provisions. The
per capita education expenditure (PCE) represents the average level of education among
residents, while the total retail sales of consumer goods (TSC), fiscal revenue (FR), urban
built-up area (UBA), GDP, night lighting (NL), subway presence (SP), number of parks
(NP), green area (GA) and public facility investment (PFI) are used as the control variables.
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The dependent variable and the primary explanatory variable are computed as follows.
Due to the lack of direct data sources for carbon emissions in urban households, this article
draws on relevant research [56-58] and introduces household energy consumption carbon
emission standards to calculate the carbon emissions of the main energy consumption in
household life. The calculation formula is as follow.

C =Y (R,S,—0y) )

=

-
1l
[==

In the formula, C represents the carbon emissions of urban households, R, represents
the energy consumption n, S, represents the standard carbon emissions per unit energy
consumption of the energy n, and O, represents the carbon sink compensation for the
energy consumption n. The energy consumption types selected in this article include
residential electricity consumption, natural gas usage, tap water usage, and domestic
sewage treatment.

The bus configuration intensity is the ratio of the number of urban buses to the length
of urban roads (Formula (2)). Compared to common factors such as the number of buses
per 10,000 people, the bus density can reflect the comprehensive relationship between the
urban bus configuration, urban population, built-up area, and road network density. It is
an intuitive reflection of the number of buses operating on urban roads. Considering the
issue of travel costs for residents, the purpose of choosing buses is more likely to be the
ability to reach the destination quickly, and the indicator of bus density can better express
the low time cost of waiting for buses on urban roads and the convenience of transfer.

Np;

Ry.= 0t
bi = Pa,P;Rd,

€)

In the formula, Ry; represents the public transportation density of the city i, Ny;
represents the number of public transportation configurations in city 7, Pa; is the per capita
construction land area of city i, P; represents the population of the city, and Rd; represents
the road network density of the city.

To measure the degree of land use mixing in different periods for each city, an infor-
mation entropy calculation model is introduced. The information entropy of the land use
structure mainly measures the degree of order, balance, and concentration of the land use
status in a region [59,60]. Jie T. (2010) used the information entropy method to analyze the
status and the existing main problems of urban land utilization in a quantitative way to
come up with strategies to increase the efficiency of urban land utilization [61]. Referring
to existing research results [62], assuming that the total area of urban construction land is S,
including n types of land, and the area of each type of land is S; (i = 1,. . .,n), the calculation
method for the information entropy of the urban land use structure is shown in Formula (4):

n
Hy=-) P;InP; (4)
i=1

In the formula, Hy is the information entropy, and P; is the proportion of land i to the
total land area, expressed as %

The information entropy of the land use structure represents the diversity of the land
use, and based on this, a land use structure equilibrium model is constructed, as shown in

Formula (5).
H ZPI' In Pi Si In Pi
E= =— 5
Hyx In(n) ©)
In the formula, E represents the land use equilibrium degree (LUE) in a built-up area,
and the larger the value of E, the more balanced the land use structure.
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4. Calculation Results and Analysis

Based on the above analysis, a time—individual dual fixed effects analysis was con-
ducted using the carbon emission intensity of residents as the dependent variable, with
social and spatial factors selected in Section 3 as explanatory variables and control variables.
This article analyzed the correlation between the single-factor (Table 1) and multi-factor
synergy (Table 2) and the carbon emissions intensity of residents, examining the causes of
urban planning and construction practices based on the regression results.

Table 1. Fixed effects analysis of panel data.

Variables Model 1 Model 2 Model 3
Bus configuration intensity 2 —_— —_— —8.757 *
Number of parks 2 — —0.003 ***  —
Average wage 126.358 ** 117.067 ** 121.198 **
Per capital education expenditure —0.004 —0.004 —0.002
Total retail sales of consumer goods —10.075 —11.149 —10.185
Fiscal revenue —16.491 —19.628 —20.277
Urban built-up area 0.208 * 0.125* 0.196 *
GDP —107.479 ** —95.924 ** —105.707 **
Night lighting 0.011 0.016 0.012
Population density 17.031 ** 16.798 ** 16.522 **
Land use equilibrium degree 172.728 196.146 123.180
—37.852* —46.348 ** —36.112*

Subway presence

Bus configuration intensity 16.349 12.783 * 60.334 *
Greening rate —4.645 —4.114 -5.177
Green space ratio 6.066 6.028 5.782
Number of parks —0.879 *** 0.908 —0.866 ***
Green area 34.662 *** 29.108 *** 41.967 ***
Per capital public green space area —39.876 * —43.058 * —36.360 *
Public facility investment 0.00000187 0.00000204 0.00000296
Constant term 456.525 498.611 396.689
Prob > F 0.000 0.000 0.000

Number of observations = 487. The data in the table are the correlation coefficients between the independent and
dependent variables. Bus configuration intensity 2 means the square value of bus configuration intensity, number
of parks 2 means the square value of number of parks. * indicates significance, * p < 0.1; ** p < 0.05; *** p < 0.01.

Table 2. Moderating effect analysis of panel data.

Variables

Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

Average wage #c. per capita —0.0286 **

education expenditure

Subway presence #c. b

us S —37.069 ** — — —

configuration intensity

Bus configuration intensity #c. 3.471 #*+

greening rate

Bus configuration intensity #c. green 4.518 **+

space ratio

Urban built-up area #c. GDP _—

— — 0.040 * —

Population density #c. land use 686.180 *

equilibrium degree

Average wage

175.505 *** 125.930 ** 117.001 ** 123.366 ** 121.113 ** 120.340 **
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Table 2. Cont.

Variables Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Per capita education expenditure 0.328 ** —0.006 —0.002 —0.0007 —0.007 —0.005
Total retail sales of consumer goods —14.296 —9.505 —8.154 —6.716 —9.624 —8.744
Fiscal revenue —53.049 —8.184 —25.033 —29.280 1.351 —15.583
Urban built-up area 0.248 ** 0.190 * 0.201 * 0.189 * —0.545 0.187*
GDP —112.17 ** —112.238 *  —105.561 ** —105.02 ** —125.536**  —105.452 **
Night lighting 0.003 0.009 0.017 0.020 0.013 0.031
Population density 17.212 ** 17.897 ** 14.554 ** 14.240 ** 16.560 ** —576.019
Land use equilibrium degree 209.084 322.253 129.919 93.583 88.126 —672.491
Subway presence —34.573 ** 4339 * —28.583 * —30.719 * —35.887 * —38.400 *
Bus configuration intensity 15.743 25.226 ** —104.41*  —128.742 *** 14.051 12.447
Greening rate —3.786 —-3.751 —12.086 ** —5.408 —5.505 —5.246
Green space ratio 5.424 5.932 4.984 —4.250 6.762 6.593
Number of parks —0.881 *** —0.879 *** —0.793 ** —0.767 *** —0.889 —0.919 ***
Green area 36.018 *** 34.697 *** 41.882 *** 41.536 *** 34.779 *** 36.190 ***
Per capita public green space area —43.941 ** —42.052 ** —31.007 ** —29.99 * —39.337 * —37.166 *
Public facility investment 0.00000319 0.00000166 0.00000139  0.000000747  0.000000179  0.00000328
Constant term 539.835 272.096 745.457 806.111 659.022 1152.12
Prob > F 0.000 0.000 0.000 0.000 0.000 0.000

Number of observations = 487. The data in the table are the correlation coefficients between the independent and
dependent variables. #c. indicates the regulatory relationship between factors. * indicates significance, * p < 0.1;
**p <0.05; *** p <0.01.

4.1. Characteristics of Residential Carbon Emissions
4.1.1. Overall Carbon Emissions

Figure 1 shows the statistical chart of the average total carbon emissions of 30 munic-
ipalities directly under the central government and provincial capital cities in China. It
can be seen that the average total carbon emissions are on the rise, with an average annual
growth rate of 3.98%, which is lower than the GDP growth rate. Especially after 2011, the
growth rate of total carbon emissions has tended to flatten. In April 2007, China held a
seminar on the low-carbon economy and China’s energy and environmental policies. In
June, China released its National Plan to Address Climate Change. In April 2008, the first
round table meeting of the China International Cooperation Committee on Environment
and Development was held in Beijing. Developing a low-carbon economy and building a
low-carbon society have become strategic priorities and important directions for national
education in China. Various low-carbon measures have curbed the rapid growth of carbon
emissions. From the perspective of the regional distribution, the average total carbon
emissions of cities in the eastern region are the highest, while the average total carbon
emissions of cities in the western region have jumped to second place since 2017, surpassing
the average total carbon emissions of cities in the central and northeastern regions. This
is related to the backward economic foundation of the western region and the transfer of
more high-energy-consuming industries in the eastern region.
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Figure 1. Carbon emissions statistics of cities in different regions of China.

4.1.2. Residential Carbon Emission Intensity

In terms of the residential carbon emissions intensity, although the selected energy
consumption type is not sufficient to cover all the carbon sources, it can still reflect the trend
of changes in the residential carbon emissions intensity. The intensity of carbon emissions
from daily life (Figure 2) and per capita carbon emissions from daily life (Figure 3) both
show a downward trend, and the decrease in the per capita carbon emissions is more
pronounced, which is directly related to the improvement of China’s urbanization rate and
the increase in the urban population. From the perspective of the regional distribution,
the carbon emissions intensity of residents in developed cities in the eastern region is
much higher than that of other regions. While urban residents in the eastern region
benefit from economic development, they also generate a significant amount of carbon
emissions. In the new era of urban agglomeration and economic integration construction,
strengthening coordinated carbon reduction among regions is a necessary path to seek
low-carbon development.

In terms of the time series, the per capita carbon emissions intensity in the eastern
region has been decreasing since the start of the statistics, while the other regions have
shown peaks during the statistical period. This indicates that residents in developed
cities in the eastern region have accepted the concept of low-carbon living and low-carbon
technology earlier, and the construction of various public service facilities and low-carbon
management policies in cities have shown a clustering effect of reducing the cost inputs
and energy consumption earlier with sufficient financial support.
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Figure 2. Carbon emissions intensity of urban residents in different regions of China.

260 - - - ; ; i e
Overall
E 3 . —e— Eastern region
240 ~g -l : L AN —4— Central region H
N / \k,,\wk —v— Western region
g g ¢ AN /t\\ ¢ Northeast region|]
g 220 I
—_ N |/ AN
7 i L J
@ ¥ ] .
£ 200 A
5 \
1 N 1
S 180 < T
-\| ‘\
3 \
é—; ] '\-\' '7@< \\ |
160 \ %
o] - P 3
b E Yy X / \\y af \AN\ ~ 1
— \ / \ -
= 140 UW SEREA I \ *
— \ / \ P
— . A\‘/ANK/A I8, 2N N \:: % \ ]
< 120 v . A
t)( P2 & \ »\/\/ \\ /’,/\3\ \I
o 1 'S \ b l\- 1
© \ \
© 100 ¥ \ \
g ] ’ '
Y S~
o / ~v
80 ~ [ 4 »
- R : 7
h 1r~‘/

60

2003 2005 2007 2009 2011 2013 2015 2017 2019
Figure 3. Carbon emissions intensity per capita of urban residents in different regions of China.

4.2. Factors Affecting Carbon Emissions
4.2.1. Social and Economic Factors

According to Model 1, there is a positive correlation between the average wage of
urban residents and the carbon emissions intensity of residents, and it is statistically
significant at the 5% level of significance. The correlation coefficient is 126.358, which
implies that with a 1 unit increase in the average wage of urban residents there will be a
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126.358 unit increase in the carbon emissions intensity of residents. Likewise, the population
density of urban built-up areas also has a positive influence the carbon emissions intensity
of residents at the 5% level of significance, and the correlation coefficient is 17.031. This
implies that with a 1 unit increase in the urban population density there will be a 17.031 unit
increase in the carbon emissions intensity. Thus, we can say that both the average wage
and the urban population density play a leading role in the carbon emissions intensity
of residents.

It is worth noting that the analysis results do not support the classical environmental
Kuznets curve hypothesis, as the dependent variable in this study is household carbon
emissions, not overall carbon emissions. Household carbon emissions do not include
greenhouse gas emissions from industrial and agricultural production. This result also
confirms the conclusion that the environmental Kuznets curve hypothesis should and can
be questioned, as proposed in relevant studies [63].

The population density in built-up areas characterizes the degree of urban population
congestion, and it is closely related to the vitality of urban economic development and
the ability to attract foreign populations. That is, the rapid development of the urban
economy has attracted a large number of foreign populations to work in the city, and the
rapid construction of the city has not focused on solving the housing and living problems
of this part of the foreign population, which is known as the floating population in China.
According to the correlation analysis between the population density and the floating
population in provincial capital cities, it can be seen that there is a significant positive
correlation between the number of the urban floating population and the population
density (P > |zl = 0.002), which accounts for a large proportion of the population in
economically developed cities (Figure 4). The concentration of a large number of migrant
populations with strong mobility and distribution uncertainty makes it difficult for various
urban infrastructure and public service facilities to provide convenient services to this
group of people. The insufficient level of centralized construction and facility sharing has
led to an increase in living costs and energy consumption.
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Figure 4. Statistics of registered residence population and floating population in China’s capital cities
in 2019.

Related studies have shown that, when the urban population size is greater than one
million, the increase in the population density leads to more carbon emissions of total,
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industrial, residential, or transportation carbon emissions [64]. The conclusion of this study
aligns with the findings of this article. The average population of provincial capital cities
in China reached 2.6 million in 2002, far exceeding the threshold of 1 million. The factors
influencing the carbon emissions intensity of residents in small and medium-sized cities
with populations of less than 1 million still require further in-depth research.

There is a negative correlation between the urban GDP and the per capita carbon
emission intensity at the 5% level of significance. The coefficient is —107.479, which
indicates that with a 1 unit increase in the urban GDP there will be a 107.479 unit decrease
in the carbon emission intensity of residents. The GDP represents the level of economic
development of a city. Cities with high levels of economic development are more capable
of constructing various infrastructure and public service facilities, providing residents
with more low-carbon lifestyles. At the same time, they have advantages in promoting
low-carbon technology and awareness in households, which have a positive influence on
reducing the carbon emissions intensity of residents.

4.2.2. Urban Space and Facility Factors

Model 1 shows that the per capita carbon emissions intensity has statistically signifi-
cant positive relations with the built-up area, bus configuration intensity, and green space
area. In the meantime, the per capita carbon emissions intensity has statistically significant
negative relations with whether subways are opened, the number of parks, and the per
capita public green space area.

The area of built-up areas is an indicator of the scale of urban land use. The larger
the area of a city, the more difficult it is to achieve a reasonable and achievable balance
between work and residence. The probability of long-distance commuting for residents
will greatly increase. Emphasizing the mixed use and intensive development strategy of
land, concentrating and compact planning of urban construction land, and avoiding the
infinite expansion of urban scale are effective conditions for reducing the intensity of carbon
emissions in daily life [65]. Green space includes two types of land: park green space and
protective green space. From a functional perspective, it can be divided into two categories:
those with and without citizen play functions. For example, protective green spaces on
both sides of urban main and secondary roads, although large in scale, are mainly used
to protect against pollutants such as noise and car exhaust, and they do not provide too
many recreational and recreational facilities for residents. For these types of land, they
do not have a strong ability to attract residents to engage in outdoor activities, but they
also require a large amount of construction and maintenance costs. The positive influence
of reducing local residents’ living emissions is not obvious. This can be proven from the
negative correlation between the per capita public green space area and the intensity of
carbon emissions in daily life. Public green space mainly refers to green spaces that are
open to the public and can carry a certain scale of population for leisure and entertainment,
with strong participation attributes and the ability to attract crowds. The per capita park
green space area reflects the scale level of the park green space that residents can share and
the comfort level of using the park green space, which verifies the validity of hypothesis 1.

From Model 1 and Model 3, it can be seen that there is a statistically significant negative
correlation between the squared value of the intensity of the urban bus configuration and
the intensity of household carbon emissions, and the correlation coefficient is —8.757. Based
on the U-test, the results reject the original “U-shaped relationship” hypothesis, which states
that the intensity of the urban bus configuration has an inverted U-shaped relationship
with the intensity of household carbon emissions. Within a certain range, there is a positive
correlation between the carbon emissions intensity and the bus configuration intensity.
After the carbon emissions intensity reaches its peak, there is a negative correlation between
the bus configuration intensity and the carbon emissions intensity.

From Model 1 and Model 2, it can be seen that the square value of the number of urban
parks is significantly negatively correlated with carbon emission intensity. Through the
U-test, the results reject the original “inverted U-shaped relationship” hypothesis, which
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states that there is a “U-shaped” relationship between the number of urban parks and
the carbon emissions intensity of residents. Within a certain range, there is a negative
correlation between the carbon emissions intensity and the number of parks. After reaching
a valley in the carbon emissions intensity, there is a positive correlation between the carbon
emissions intensity and the number of parks, which is consistent with hypothesis 2. Within
a certain range, the increase in the number of parks means that more residents can enjoy
park services nearby, while reducing energy consumption in household life. After the
number reaches a certain range, the increase in parks cannot continue to increase the
number of residents and the frequency of outdoor activities. At the same time, from the
current situation of transportation around urban parks in China, it can be seen that parks
often become nodes of crowd and traffic aggregation in urban public spaces. Eugen Rosca
(2014) conducted a case study in the Carpathians and outlined that the weekend leisure
time and the business tourism are among the human activities most responsible for road
traffic congestion and therefore for the greenhouse gas emission [66]. Redundant parks
bring more congestion points to urban transportation, which will have a negative impact
on the reduction of the carbon emissions intensity for residents.

4.2.3. Synergistic Carbon Reduction Effect of Urban Elements

According to Model 4, it can be seen that the education level has a significant weak-
ening effect on the positive relationship between the wage level and carbon emissions (as
shown in Figure 5), and the correlation coefficient is —0.0286 at the 5% level of significance,
which is consistent with the results of hypothesis 3. Good education not only strengthens
residents’ low-carbon awareness, but also enhances their ability to select for low-carbon
lifestyles, enabling them to improve their low-carbon living skills on the basis of mastering
scientific knowledge such as the basic principles of carbon emissions in daily life. The im-
pact of education level on residents’ carbon emissions is a dual effect of internal motivation
and external influence.
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Figure 5. The moderating effect of education level on the relationship between wage income and
carbon emissions intensity.

According to Model 5, subway construction can enhance the positive effect of ordinary
public transportation on carbon reduction (Figure 6), which is consistent with hypothesis
5. The connection composite network of the subway and the conventional public trans-
portation system can lever-age the dual advantages of controllable cost of long-distance
transportation capacity of the rapid transit system and high accessibility of buses. It has a
dual role in relieving urban traffic pressure and guiding residents to travel by public trans-
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portation, and it has a positive impact on reducing carbon emissions from transportation.
Related studies have also shown that time sensitivity is an important basis for travelers
to choose transportation modes, and travelers’ measurement of the benefits of different
transportation modes is the standard for choosing transportation modes. In the context of
increasing ground traffic pressure, the construction of subways can alleviate the problem
of delays in conventional public transportation [67]. The connection between subways
and conventional public transportation combines the advantages of subways being less
congested and conventional public transportation stations being widely distributed, which
has positive significance in promoting low-carbon public transportation for residents.

According to Models 6 and 7, it can be seen that the comfort level of the urban walking
environment, characterized by the green space ratio and green space ratio, can enhance the
positive effect of public transportation on carbon reduction (Figures 7 and 8), which can
support the viewpoints of hypothesis 1 and hypothesis 7. Rohana Sham (2020) analyzed
the factors influencing residents’ choice of walking environments, pointing out that factors
such as sidewalk coverage significantly improve the comfort of the walking environment,
which is an important measure for promoting a lower carbon footprint [68]. This viewpoint
is mutually supportive of the analysis results in this article. Improving the green space
ratio and green coverage can increase the low-carbon travel frequency by enhancing the
comfort of the walking environment.
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Figure 6. The moderating effect of subway construction on the relationship between bus configuration
and carbon emissions intensity.

The last mile of public transportation is one of the important reasons that restrict
public transportation for residents. Strengthening the greening of urban streets and the
safety of walking environments can enhance the attractiveness of public transportation
to residents and expand the service radius of urban bus stops. From the perspective of
environmental behavior, this is an effective attempt to reduce carbon emissions caused by
private car travel by increasing the proportion of public transportation travel through urban
space creation and public transportation configuration. Although the increase in green
coverage cannot enhance the attractiveness of urban public spaces to low-carbon travel for
residents by increasing the green space service capabilities, the increase in green plants,
especially those with larger canopies, can significantly improve the urban environment and
microclimate. At the same time, it can also increase the shaded area, making the outdoor
environment more comfortable, thereby increasing the probability of low-carbon travel and
outdoor activities for residents in their daily lives. From the analysis results, it can be seen
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that the construction of urban green spaces can be started from two aspects: increasing
the green space area and increasing the large crown plants. Especially in some old urban
areas with limited land, optimizing the types of roadside trees and park greening, and
increasing the large crown plants, has a positive impact on optimizing the outdoor spatial
environment and improving low-carbon behavior.
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Figure 7. The moderating effect of the green space ratio on the relationship between public trans-
portation configuration and carbon emissions intensity.
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Figure 8. The moderating effect of the greening rate on the relationship between bus configuration
and carbon emissions intensity.

According to Model 8, the urban scale represented by the built-up area can weaken
the negative relationship between economic development and residential carbon emissions
(Figure 9), and the correlation coefficient is 0.04 at the 5% level of significance. This
conclusion is consistent with one of the analysis results of Model 1, which is that there is a
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significant positive correlation between the urban built-up area and the carbon emissions
intensity of residents. Some scholars believe that the direct consequence of the expansion
of the urban built-up areas is the increase in commercial, residential, and other land use,
leading to the decreased connectivity of green spaces, thereby reducing the self-regulation
and stable feedback of the regional carbon cycle. The carbon emissions from infrastructure
construction will also increase with urban-scale expansion [69]. The expansion of the
urban scale due to urbanization increases the discrete state of urban functional units and
the degree of motorization of transportation [70], thus increasing energy consumption.
The impact of the urban size on carbon emissions has become a research consensus. The
analysis results of these two models indicate that urban construction and management
strategies that shift from outward expansion to inward stock optimization construction
have a positive impact on the reduction of the residential carbon emissions intensity.
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Figure 9. The moderating effect of built-up area on the relationship between economic development
and carbon emissions from residents’ daily lives.

According to Model 9, an increase in the balance of construction land can strengthen
the positive correlation between the population density and carbon emissions intensity
(Figure 10), which is consistent with hypothesis 5. According to the previous analysis, the
correlation factors for the increase in the carbon emissions intensity caused by the increase
in the population density are the clustering of a large number of mobile populations in
cities and the uncertainty of their distribution in cities. The root cause of the problem lies
in the inability to accurately generate statistics and predict the current characteristics and
development trends of mobile populations in the planning and construction of various
public service facilities in cities. The balance of land use is used to measure the size of
various construction land gaps. The smaller the gap, the greater the balance of land use. At
the same time, the higher the mixed use of land, the more conducive it is to concentrate
various effective resources and stimulate urban development vitality [71,72]. This means
that cities with a high balance often have more dynamic economic activities, which is
consistent with the previous analysis of the mobile population.



Sustainability 2024, 16, 5153

19 of 24

Predictive Margins with 95% Cls

Linear Prediction
-1000 0 1000
1 1

-2000
1

-3000
1

T T T T T T T T T
01 112131 4151617181 9110111.112.113.114.115.116.1
POD

—&— LUE=07 —&— LUE=09

Figure 10. The moderating effect of the balance of construction land on the relationship between
population density and carbon emissions intensity.

The Code for Classification of Urban Land Use and Planning Standards of Develop-
ment Land (GB 50137-2011) issued by the Ministry of Housing and Urban Rural Develop-
ment of China recommends the ideal proportions of five types of construction land, namely
residential land (25-40%), public management and public service land (5-8%), industrial
land (15-30%), road and transportation facility land (10-25%), and green space and square
land (10-15%) [73]. The increase in the balance also means that the scale of various types
of construction land in cities exceeds the optimal proportion. From the perspective of
increasing population density, a large amount of foreign construction land has exceeded
the optimal proportion. The influx of population is concomitant with the expansion of
urban industrial land, wherein this demographic segment does not achieve urbanization
through conventional real estate ownership but rather inhabits the city through alternative
arrangements such as co-renting or group renting. Consequently, in cities accommodating
a significant migrant population, the proportion of residential land is dwindling relative to
the ideal ratio. This phenomenon underscores a pivotal aspect of enhancing the equilibrium
of urban construction land. Reducing the balance of urban construction land is an effective
exploration to alleviate the increase in the living carbon emissions intensity caused by the
large population agglomeration. The strategies implemented by many cities in China, such
as the “the relocation of industries from urban areas and the development of the tertiary
industry in urban areas” and “industry entering parks,” are good evidence of this analysis.
These policies not only help to reduce the balance of urban construction land but also guide
a large number of industrial populations, especially mobile populations, to concentrate on
the outskirts of cities near industrial parks, effectively reducing the commuting distance
and urban traffic congestion.

4.3. Robustness Testing

To test the overall robustness of the regression model, this article draws on existing
research [74,75] and conducts robustness tests on the above models by changing the sample
size. The specific method is to delete the data from the two years when China’s urban
electricity shortage occurred in 2003 and 2010. The results show that the estimated regres-
sion coefficients of the main independent variables and explanatory variables of all the
models have not changed significantly, and all the models have passed the robustness test
(Table 3). The analysis of the factors related to the intensity of carbon emissions among
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residents in this article is reliable. The impact of economic, social, and spatial factors
on the carbon emissions of urban residents is manifested in the direct impact of single
factors and the synergistic effect of multiple factors. This can provide a basis for exploring
low-carbon urban development strategies in the fields of urban and rural construction,
planning, and management.

Table 3. Model robustness test results.

Variables T-Model 1 T-Model 2 T-Model 3 T-Model 4 T-Model 5 T-Model 6 T-Model 7 T-Model 8 T-Model 9
Population density #c.
land use equilibrium —_— —_— —_ —_ —_— —_ —_— —_ 371.060 *
degree
Urban built-up area #c. .
GDP — e e e e e 0.0667 e
Bus configuration
intensity #c. green —_— —_— —_ —_ —_— —_ 5.319 *** —_ —_—
space ratio
Bus configuration
intensity #c. greening — — — — — 4.096 *** — — —
rate
Subway presence #c.
bus configuration —_— —_— —_— — —39.112 ** N - - -
intensity
Average wage #c. per
capita education e —_— —_— —0.032 ** —_— —_— —_— —_— —_—
expenditure
Bus‘conﬁg‘urgtlon 7088+
intensity
Number of parks? — —0.003 ** — — — — — — —
Average wage 118.456 * 106.181 114.311 * 178.840 ** 115.907 * 103.350 * 109.142 * 111.131 * 114.784 *
Per capita education 0.002 —0.001 —0.003 0.373 0.0001 0.004 0.005 —0.003 0.001
expenditure
Total retail sales of —0.773 ~1618 —0.564 —4.451 1456 0.468 1.808 ~0.299 ~0.135
consumer goods
Fiscal revenue —25.04536 —28.497 —28.723 —65.874 —14.796 —39.149 —45.515 —38.759 —23.474
Urban built-up area 0.240 * 0.147 * 0.229 * 0.282 ** 0.213 * 0.228 ** 0.211* —0.994 * 0.232 *
Night lighting 0.025 0.029 0.026 0.016 0.021 0.033 0.035 0.027 0.034
Population density 17.320 ** 16.967 *** 16.995 ** 17.380 ** 18.071 ** 14.906 14.618 ** 16.721 ** —303.404
Land “if:g‘}:;hb““m 171.039 192.887 124.988 181.700 325.597 110.660 67.897 57.089 —271.105
Bus configuration 15.141 11.323 52.071 14.972 24.034 —126.01 **  —154.25 *** 11.266 12.871
intensity
Greening rate —3.510 —3.096 —3.992 —2.585 —2.629 —12.566 ** —4.907 5.363 —3.794
Green space ratio 4.462 4.594 4.249 3.773 4.483 3.403 —7.197 —4.788 4.798
Number of parks —1.015 *** 0.809 *** —1.000 *** —1.015 *** —1.014 *** —0.888 ** —0.848 ** —1.045 *** —1.040 ***
Green area 34.967 *** 29.322 *** 41.447 *** 36.687 *** 34.598 *** 44.874 *** 44.781 *** 34.733 *** 35.613 ***
Subway presence —41.573 * —48.758 ** —39.958 * —37.762 * 0.798 —31.945* —34.927 * —38.087 * —41.813 *
Per capita public Green _ _ _ _ _ _ _ _ _
space area 42.207 * 44413 * 39.195 * 45.986 ** 44176 * 33.015* 32.017 * 41.577 * 41.111*
GDP —102.954 * —89.109 * —101.197 * —113.409 ** —108.341 ** —92.456 * —89.145 * —133.272 ** —102.766 *
P Elki};tf;‘féﬁy —1.01x 1076 —655x 107 —590x 1078 401 x 1077  —354x107° —949x1077 —158x10~° —423x107® —4.04 x 107
Constant term 456.225 491.294 399.758 579.820 252.489 767.461 831.375 785.701 827.725
Prob > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Number of observations = 487. The data in the table are the correlation coefficients between the independent
and dependent variables. #c. indicates the regulatory relationship between factors. Bus configuration intensity 2
means the square value of bus configuration intensity, number of parksA2 means the square value of number of
parks. * indicates significance, * p < 0.1; ** p < 0.05; *** p < 0.01.

5. Conclusions

Among the factors significantly correlated with the carbon emissions intensity of urban
residents, the average wage (correlation coefficient: 126.36), built-up area (correlation coef-
ficient: 0.21), population density (correlation coefficient: 17.03), and green area (correlation
coefficient: 34.66) are positively correlated with the carbon emissions intensity, whereas
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the GDP (correlation coefficient: —107.48), subway presence (correlation coefficient: 37.85),
and per capita public green (correlation coefficient: —38.88) are negatively correlated with
the carbon emissions intensity. In terms of the synergistic effect of urban elements on
carbon reduction, subway construction can strengthen the positive effect of ordinary public
transportation on carbon reduction (correlation coefficient: —37.07, p = 0.034), education
expenditure can weaken the positive correlation between income level and carbon emis-
sions intensity (correlation coefficient: —0.03, p = 0.04), the comfort of the urban walking
environment characterized by the greening rate (correlation coefficient: 3.47, p = 0.002)
and green space ratio (correlation coefficient: 4.52, p = 0.000) can strengthen the positive
effect of public transportation on carbon reduction, while the urban scale characterized
by the built-up area can weaken the negative correlation between economic development
and carbon emissions (correlation coefficient: 0.04, p = 0.051). The increase in the land use
equilibrium can strengthen the positive correlation between population density and carbon
emissions intensity (correlation coefficient: 0.04, p = 0.053).

Reducing carbon emissions in the lives of urban residents is an effective way to reduce
urban carbon emissions and seek green development. Regression analysis conducted on the
influencing factors of carbon emissions in the daily lives of residents across 30 municipalities
and provincial capital cities in China reveals a comprehensive array of determinants. These
factors span the economic, social, and spatial dimensions, underscoring the multifaceted
nature of the influences shaping carbon emissions intensity in residents” daily activities.
Simultaneously, when formulating spatial planning and management strategies aimed
at reducing carbon emissions, it is imperative not only to acknowledge the individual
impact of each element on carbon emission intensity but also to recognize the synergistic
emissions reduction effects that emerge from the interaction between different elements.
This entails mitigating the trend toward absolute independent operation often associated
with “special planning” initiatives. Instead, there is a need to explore optimal planning
and design schemes, as well as the temporal dynamics of spatial construction, through the
lens of holistic urban spatial system integrity. This approach fosters synergistic efficiencies
in carbon reduction across diverse urban elements.

Due to difficulties in obtaining data, this study cannot accurately calculate the in-
evitable part of the carbon emissions in residents’” daily lives, such as emissions from
energy and food consumption that meet basic living needs. Solving this problem in future
research can more accurately explore the factors leading to increased carbon emissions in
residents’ daily lives, making the research results more instructive for urban construction
and management.
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