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As the proportion of household carbon emissions to global carbon emissions
continues to increase, reducing carbon emissions from household consumption
has become an important way to achieve the goals of carbon peaking and carbon
neutrality. How the trend of miniaturization of household size will affect
household carbon emissions is a matter of concern. This paper uses a sample
of 9,090 households from the China Family Panel Studies (CFPS) database in
2018 to empirically study the impact of changes in household size on household
carbon emissions, from the perspective of household consumption structure and
urban-rural areas. The research results indicate that the miniaturization of
household size will increase household carbon emissions, the impact of
household size on indirect HCEs is greater than on direct HCEs. The impact
of household size on indirect HCEs is heterogeneous in consumption structure
and the impact of household size on indirect HCEs from housing, transportation
is greater than that of other consumption items. The impact of household size on
urban household carbon emissions is greater than that in rural areas. The
upgrading of household consumption structure and the miniaturization of
household size promote the increase of HCEs jointly. Therefore, this paper
proposes that under the trend of household miniaturization, energy-saving
and emission reduction policies should focus on reducing indirect households
carbon emissions, optimizing household structure and household consumption
structure, enhancing environmental awareness among family members,
establishing and improving the green consumption system, and building
environment-friendly households.
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1 Introduction

Global warming and environmental pollution have become severe issues facing
humanity. Scientists have identified the primary cause of global climate warming as
greenhouse gas emissions, with carbon dioxide being the major component (Hardee
and Mutunga, 2010). Reducing carbon emissions is essential to address this problem.
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Many countries have taken actions to mitigate carbon emissions and
committed to achieving carbon neutrality. Traditionally,
government-implemented carbon reduction measures have
primarily targeted the supply-side sectors, such as the industrial
sector, which consumes a significant portion of energy. However,
with economic and social development, increasing research
indicates that a substantial proportion of carbon emissions is
attributed to household consumption. Therefore, demand-side
measures should receive more attention in mitigating climate
change (Liu et al., 2003). In particular, the household sector plays
a crucial role in carbon reduction (Nejat et al., 2015; Ivanova et al.,
2016; Klemes et al., 2021; Goldstein, 2022). The household size
miniaturization has become a global demographic development,
profoundly affecting production and lifestyles, which in turn
impacts the environment (Liu et al., 2003; Wang, 2015).

Research on household carbon emissions originates from the
relationship between demographic factors and energy consumption
and carbon emissions (Jiang L W, 2011). Studies on demographic
factors and carbon emissions are primarily based on the IPAT
formula (Paul Ehrlich and John Holdren, 1971) and the
stochastic form of the STIRPT model (York et al., 2003),
expanding population factors from population size (Shi, 2003;
Baige, 2010; Peng Xizhe, 2010) to include demographic structure
factors (Jiang, 2010), such as population aging (Nan et al., 2011) and
urbanization (Satterthwaite, 2009). Some scholars have also focused
on household-level impacts (Dalton et al., 2008). However, these
studies analyze the impact of household changes on carbon
emissions from a macro perspective, failing to delve into how
changes in household characteristics affect the environment.
Households, as units of population analysis influencing carbon
dioxide emissions, may be more effective than individuals,
especially in developing countries (Jiang, 2010). From the
household perspective, carbon emissions can be measured
through household consumption behavior. Household carbon
emissions are mainly influenced by household structural
characteristics and consumption behavior (Bin and Dowlabdi,
2005). Household carbon emissions result from consumption
behavior, and household characteristics and socioeconomic traits
influence consumption patterns, which in turn affect household
carbon emissions (Büchs M, 2013; Xu et al., 2016). Key household
characteristics include household income (Weber and Matthew,
2008; Suling Feng et al., 2023), household size (Ivanova, Büchs,
2020), household head’s educational level (Janaki Imbulana
Arachchi, 2022; Zhang, 2023), energy structure (Nair et al.,
2019), and geographic location (Yu et al., 2023).

Household size is a significant demographic characteristic and
an important factor affecting household carbon emissions. The
impact of household size on carbon emissions primarily stems
from household economies of scale (Ellsworth-Krebs, K., 2020;
Shiwang et al., 2023). Economies of scale in households mean
that members share household space, basic facilities (appliances,
tools, and equipment), and other consumer goods (Ivanova, Büchs,
2020). As household size increases, per capita living costs decrease
while maintaining the same living standard (Deaton A S, 1998).
Therefore, as household size decreases, the economies of scale at the
household level diminish, potentially increasing per capita energy
consumption (Jiang, 2010; Wang, 2015; Milena Büchs, 2022;
Zhang, 2023).

Different consumer goods have different economies of scale,
depending on the composition of household members (Thaiyoong,
2011). Current research on these issues mainly explores income and
consumption levels (Wang, 2015), neglecting the impact of changes
in consumption structures. Some studies have noted the influence of
consumption structures on carbon emissions (Wei et al., 2007;
Weber and Matthews, 2008; Xu and Han, 2017), but they do not
analyze household characteristics. Some scholars analyze the impact
of household size on direct and indirect carbon emissions,
suggesting that the negative impact of household size on indirect
carbon emissions is greater than on direct carbon emissions (Zhang,
2022; Cong et al., 2023; Meng, 2023). Hongwu Zhang et al. (2020)
argues that over time, the lifestyles of different social strata are
becoming increasingly carbon-intensive, recommending that
climate change research and policy-making consider the growing
impact of lifestyles. Han et al. (2023) points out that with increasing
household incomes, consumption structures change, with a lower
proportion spent on food and higher proportions on transportation,
communication, and housing, leading to higher household carbon
emissions. The impact of household size on carbon emissions from
food, transportation, communication, and housing consumption
warrants further discussion.

China is a major emitter of carbon and has a large population.
Despite leading the global clean energy economy, China’s carbon
dioxide emissions and per capita emissions continue to grow, with
an increase of approximately 565 million tons in 2023, making
China’s per capita emissions 15% higher than those of developed
economies (IEA, 2023). In 2020, to address global climate
challenges, the Chinese government committed to achieving peak
carbon emissions by 2030 and carbon neutrality by 2060. With rapid
income growth, household consumption in China has become the
second-largest energy-consuming sector after the industrial sector
(Qu Jiansheng, 2014). Over 70% of household consumption
expenditure occurs within the household sector (Liu et al., 2011),
making household consumption a significant source of carbon
emissions in China (Sun, 2022). In 2022, China’s population
showed negative growth, while the aging of the population
continued to deepen. China’s population aged 60 and over was
280 million, accounting for 19.8% of the national population, of
which 210 million were aged 65 and over, accounting for 14.9% of
the national population (China’s National Bureau of statistics, 2023).
The accelerating process of population aging has led to the
increasing number of empty nest families. Receiving higher
education and the pressure of working and living lead to more
young people marrying and having children late. The postponement
of the first marriage age and the increase of the interval between first
marriage and first childbirth have increased the proportion of single
person households and two person households. The aging of the
population and the expansion of population mobility have increased
the proportion of empty nest families and families living alone. Low
birth rate, population aging, urbanization, rising divorce rate and
other factors jointly promote the continuous shrinking of household
size in China (Wang and zhou, 2021). According to the seventh
national census, the average household size in China decreased from
5.3 members in the 1950s to 3.1 in 2010 and 2.62 in 2020. The
number of households has steadily increased, reaching
494,157,423 in 2020, an increase of 92.64 million from 2010.
Over 125 million households are single-person households,
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accounting for 25.4% of total households, while two-person
households account for 29.7%, and three-person households
account for 21% (National Bureau of Statistics, 2021). The
significant shrinking in household size and changes in household
consumption patterns in China raise questions about their impact
on household carbon emissions, an important issue for achieving
carbon reduction and carbon neutrality goals.

Yu et al. (2023) used data of Jiangsu Province from 2015–2019 to
find a negative correlation between household size and per capita
HCEs in China. Yimeng Zhang and Zhang (2023) analyzed urban
household data from 1992–2012 to examine the impact of
household structural changes on carbon emissions. The former
uses provincial data, while the latter only uses micro data of
urban households. These recent studies on China focus on the
relationship between household size and per capita household
carbon emissions, analyzing the differences between direct and
indirect carbon emissions but not from the perspective of
consumption structure. The novelty and contribution of this
study is as follows: (1) this study uses the GFPS data in 2018.
The GFPS database covers the whole country, including urban
families and rural families, which is more representative. (2)With
economic development and rising income levels, household
consumption patterns in China have shifted from survival-based
to development-based and enjoyment-based, potentially increasing
household carbon emissions (Zhang, 2020; Han et al., 2023). This
study explores the impact of household size on household carbon
emissions from the perspective of household consumption structure,
comparing differences in eight categories of household consumption
expenditure: food, clothing, housing, household goods and services,
transportation and communication, education, culture and
entertainment, healthcare, and other goods and services. The
study examines whether smaller households exhibit high carbon
emission consumption patterns. (3)Additionally, considering the
inequality in development between urban and rural areas in
developing countries, the study analyzes the disparity in
household carbon emissions between urban and rural
households, exploring whether the miniaturization of household
size and urbanization in China exacerbates this inequality. This
study comprehensively analyzes the impact of household size on
household carbon emissions, as well as the heterogeneity of urban
and rural areas and consumption structure, which helps to
formulate more targeted and differentiated household carbon
emission reduction strategies.

2 Research review

Household carbon emissions (HCEs) have been widely
discussed. Existing studies mainly focused on the quantitative
assessment of household carbon emissions, sources, and analysis
of key influencing factors.

2.1 Measurement of household
carbon emission

The measurement of household carbon emission is the basis of
this study. and the HCEs refer to CO2 emissions caused by residents’

living consumption (Mi et al., 2020) and transportation (Fan et al.,
2022) in household life. HCEs can be divided into direct and indirect
HCEs (Bin and Dowlatabadi, 2005; Wei et al., 2007; Wang et al.,
2019). Estimation of HCEs is generally carried out by this
classification (Sun Y, 2022). Direct HCEs refer to direct
household energy consumption, such as coal, natural gas, and
other resources consumed by lighting, electrical appliances,
cooking, and private transportation activities (Santill’ an et al.,
2021). Indirect HCEs refer to CO2 generated in the production
process of electricity, food, clothing and daily necessities, household
equipment, transportation, and entertainment services (Liu
et al., 2019).

The input-output method (IOM), consumer lifestyle approach
(CLA), IPCC inventory method (IPC-RA) and life cycle assessment
(LCA) are the main methods to measure HCEs (Zhang et al., 2015).

Input-output method mainly evaluates indirect carbon emissions
from macro-statistical data or micro-survey data of various
countries and regions (Hereundeen and Tanaka, 1976; Weber
and Perrels, 2000; Zhang Q.J. et al., 2019). But there is a lag in
calculating carbon emissions by this method, which can lead to
situations where the emissions accounting is impossible because of
the incomplete input-output tables for some years (Wang et al.,
2019). The consumer lifestyle approach typically calculates indirect
carbon emissions from household consumption by multiplying
household consumption expenditure by the IOM emission
coefficients (Bin and Dowlatabadi, 2005; Fan and Wang, 2014;
Xu X et al., 2016; Hu Z. et al., 2020). For IPCC inventory
method, it uses macro statistics or micro-survey data from
various countries, regions, and provinces and cities to directly
assess carbon emissions (Ma X.W. et al., 2015; Li N. N. et al.,
2022). This method is a commonly used approach by most scholars
for measuring direct household carbon emissions. However, there is
a significant difference in the carbon emission coefficients for the
same energy source due to the inconsistency in energy production
levels across different regions, leading to a certain deviation from the
actual situation (Liu et al., 2013). The life cycle assessment calculate
the greenhouse gas emissions generated throughout the entire
lifecycle of products and services (Nissinen et al., 2006). LCA
provides precise measurement results, but its requirement for
more accurate data also makes it challenging to measure carbon
emissions on a large scale (Li et al., 2015; Miehe et al., 2016).

2.2 The key influencing factors of household
carbon emissions

Existing research on the factors influencing HCEs primarily
focuses on two aspects: household demographic characteristics and
consumption patterns. Different household characteristics lead to
varied household consumption decisions, thereby affecting the
household carbon footprint (Bin and Dowlatabadi, 2005).
Household characteristics that significantly influence HCEs
include household size, income, household member composition,
gender of the head of household, education level, and the location of
the family’s housing. Consumption factors affecting household
carbon emissions are mainly derived from family income,
savings, and consumption patterns. There are also studies that
analyze the impact from the perspective of the family’s material
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foundation and lifestyle, such as housing and transportation (Xue
Y.Z.,2020; Meng X.Z.,2023; Dusan Gordic, 2023). In general,
scholars investigate the factors of HCEs based on specific
attributes of the family (Xiang H.L., 2022).

2.2.1 Household income
Household income is a prominent factor affecting household

carbon emissions (Wang 2015; Wang et al., 2018; Cao et al., 2019).
The IPCC report in 2022 revealed that households in the top 10% of
income contribute 36%–45% of global GHG emissions (IPCC et al.,
2022). Household income levels influence consumption levels, and
there is a positive correlation between income levels and household
carbon emissions. Sumita Nair et al. (2019) conducted a study
focusing on energy, transportation, and petroleum and natural
gas consumption related to direct carbon emission activities and
concluded that there is a positive correlation between household
income and direct carbon emissions. Weber and Matthews (2008)
found that carbon emissions are mainly concentrated in
consumption for basic needs for low-income families, and as
income levels rise, the proportion of carbon emissions associated
with higher-level consumption categories, such as entertainment,
also increases. Affluent families have greater consumption power
and higher demand for goods and services, leading to more indirect
carbon emissions (Zheng et al., 2020; Hartono, 2023). The
household carbon footprint is also related to family wealth (Zhao
et al., 2023; Su L.F., et al., 2023). Possessing a house enhances a
family’s wealth, which in turn raising the consumption level and
consequently increasing household carbon emissions (Ying et al.,
2023). In addition, some studies also suggest a negative correlation
between the highest income levels and HCEs (Sharma et al., 2021).
Although researchers’ conclusions may vary, they all reveal the
significant impact of household income on HCEs. Therefore,
incorporating household income into this study will help to
understand the combined carbon emission effects of household
size and income, and assist governments in formulating more
accurate carbon reduction policies.

2.2.2 Education level
It is generally believed that education level shows a negative

correlation with both household energy use and carbon emissions
(Golley et al., 2008; Brand et al., 2013). Education has a positive
impact on HCEs (Yi et al., 2007; Büchs and Schnepf, 2013).
Individuals with higher levels of education may be more eager to
achieve a higher quality of life and prefer to consume modern
energy sources (Li S.C.,2020). They often have a greater
awareness of energy conservation, which can reduce HCEs,
and are more willing to engage in green consumption and
transportation (Yu et al., 2023). However, another previous
study indicates that the higher the education level of the
population, the more diversified and higher the demand,
leading to more HCEs (Li et al., 2019). Increased levels of
education are typically associated with higher earnings,
leading to an increase in disposable income for households. As
a result, the higher the quality of life within a household, the
higher the carbon emissions (Han et al., 2023). These studies
highlight the significant role of education in HCEs, as well as the
importance of strengthening energy-saving, low-carbon, and
environmental education.

2.2.3 The age characteristic of household
The age of residents has a significant impact on energy

consumption and HCEs. Murray and Mills (2011) suggested that
HCEs in the US are correlated with the age of residents. Studies have
indicated that the aging characteristics of household populations can
reduce HCEs (Yu et al., 2022). Shaped by traditional culture, the
elderly tend to have a lower propensity to consume and a stronger
sense of thrift, which helps to reduce HCEs (Tong and Zhou, 2020).
Besides, Mehmood et al. (2021) found that the seniors age
group ≥65 were responsible for the highest HCEs in India. The
older people prefer to use traditional and less energy efficient way to
meet heating and entertainment demand, rather than the smart and
energy saving appliances. Compared with younger adults, older
people spend more time at home and need more energy to
support their daily lives, which leading to more HCEs (Yagita
and Iwafune, 2021). Sun and Lu (2023) believe that the increase
in the elderly population exacerbates carbon emissions from
healthcare, but overall it leads to a reduction in carbon emissions
in other consumer activities. Different age groups have an impact on
HCEs in different ways, such as consumption structure level and
labour force level, which are complex and diverse (Yu et al., 2023).

2.2.4 Household size
Household size is an important factor affecting HCEs. Large

families typically have more consumption expenditure than smaller
families, while larger families can benefit from scale effects, which
means a sharing mechanism can lead efficient use of goods and
services in multi-person households and reduce carbon emissions
per capita (Yates, 2018). Household members share electrical
appliances, tools and equipment, cook together, cool and heat
common living spaces and require less individual living space
(Ivanova and Büchs, 2020). Empirical studies have shown that
smaller households have higher per capita HCEs (Lyons et al.,
2012; Qu et al., 2013; Underwood and Zahran, 2015; Ala-Mantila
et al., 2014; Underwood and Fremstad, 2018; Ellsworth Krebs, 2020;
Guo et al., 2022; Yu S.W. et al., 2023). The trend of declining family
members in industrialized countries may undermine the benefits
from intra-household sharing (Schroder et al., 2015). Hu Z. (2018)
analyzed the carbon emissions of Japanese households from 2001 to
2011 and concluded that Japanese household size inhibited the
average carbon emissions. Conversely, some studies argue that
household size promotes HCEs (Sun Y., 2022; Zhao et al., 2023).
If the total population of a region remains stable but family size
shrinks, with each family’s basic consumption unchanged, this
would lead to an increase in HCEs (Shang et al., 2021). Scholars
further analyze the impact of household size on direct and indirect
HCEs and suggest that the household size increases indirect HCEs
(Yu et al., 2022; Meng et al., 2023). Zhang Y.M. (2022) find that
household size in Chinese cities has expressed a significant negative
effect on indirect per capita HCEs, which was much larger than that
on direct HCEs.

In 2022, China experienced a negative population growth.
Factors such as low birth rates, aging of population, urbanization,
and a rising divorce rates have collectively contributed to the
continuous reduction in the size of Chinese households (Wang
and Zhou, 2021). The acceleration of the aging process has led to a
rise in the number of empty-nest families. Pursuing higher
education and work-related pressures have resulted in more
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young people marrying and having children at a later age.
Additionally, delays in the age of first marriage and the increased
interval between first marriage and first childbirth have both
contributed to an increase in the proportion of one-person and
two-person households. The aging of the population and the
mobility of population have raised the proportion of empty-nest
and single-person households. As a result, these families show
reductions in both direct and indirect carbon emissions because
they experience income insecurity (empty-nest families, etc.) or
youth phase (single-person families and Dink families) that they are
unable or unwilling to follow the traditional living pattern.

2.2.5 Household location
The urban-rural attribute of households has a significant

positive effect on household carbon emissions (Sun Y, 2022).
Urban household carbon emissions are generally higher than
those in rural households (Fan et al., 2021). The urbanization
process has varying impacts on direct and indirect HCEs (Li
et al., 2015). There are obvious differences between urban and
rural areas in terms of economic development, population
structure, and consumption patterns, and the core factor
affecting the differences in per capita carbon emissions is per
capita income (Zhou et al., 2020; Feng et al., 2023). However,
current research tends to focus on the accounting of HCEs from
either urban or rural areas, neglecting comparative analysis of HCEs
from urban and rural household consumption (Li and Wang, 2021).

Limited to availability of data, most scholars study the driving
factors of HCEs from a macro perspective, neglecting the effects of
micro households’ characteristics. The latest research prefers to
analyze the impact of household size on HCEs, direct and
indirect HCEs, and explore how household size affects the
emissions under different income and education levels, but
without focusing on the differences under disparate household
consumption patterns. As a developing country, there is an
imbalance in urban and rural development in China. Moreover,
with economic development and income improvement, China’s
household consumption level increases while the consumption
structure changes from survival type to development and
enjoyment type, which may increase household carbon emission
(Zhang et al., 2020; Han et al., 2023).

This paper explores the regional characteristics of HCEs based
on micro-level data of the 2018 China Family Panel Studies (CFPS),
which covers the whole country and adopts probability sampling
method. On the one hand, it analyzes the disparity in carbon
emissions between urban and rural households and explores
whether the trend of household size reduction and urbanization
process will deepen urban-rural inequality in China. On the other
hand, it analyzes whether the households of smaller size have a high-
carbon consumption pattern by comparing the differences in the
impact of eight categories of household consumption expenditure
items, including food, clothing, housing, living supplies and services,
transportation and communication, education, culture, and
entertainment services, medical care, and other supplies and
services. This paper conducts an in-depth analysis of the
correlation between household size and HCEs from a structural
perspective, providing targeted and differentiated strategies and
suggestions for effectively achieving household carbon reduction
in the context of the continuous reduction of household size in

China, and contributing to the realization of China’s “carbon
peaking and neutrality” strategy and green development.

3 Research hypotheses

The impact of household size on HCEs is reflected in two
aspects: economies of scale within households and changes in the
number of households. On one hand, households experience
economies of scale, which reduce per capita HCEs. Although
larger households typically have higher overall consumption
expenditures compared to smaller households, resource sharing
among household members can lead to cost savings and
efficiency improvements. This scale effect can reduce per capita
carbon emissions (Yates, 2018). As household size increases,
members can share energy and electrical appliances such as
lights, televisions, computers, and washing machines, thus
reducing energy waste and redundancy, and improving energy
use efficiency (Ellsworth-Krebs, 2020). Sharing appliances, tools,
and equipment, cooking together, and jointly heating and cooling
shared living spaces reduce the need for individual living spaces
(Ivanova and Büchs, 2020). Larger households can also develop
shared lifestyles and consumption habits, such as using
transportation collectively, thereby reducing individual carbon
emissions and the household’s carbon footprint (Underwood and
Fremstad, 2018). A decrease in household size can undermine the
benefits of internal sharing (Schroder et al., 2015). The trend
towards smaller household sizes impacts the resource-sharing
effect within households, generally increasing per capita
consumption. For instance, the sharing degree of residential
consumption is typically high, and the reduction in household
size likely increases per capita residential consumption
expenditure (Cao et al., 2019). On the other hand, with a
constant population size, a decrease in household size implies an
increase in the number of households. If the basic consumption per
household remains unchanged, this will lead to an increase in
household carbon emissions (Shang Mei, 2021). A significant
manifestation of the shrinking household size in China is the rise
in the proportion of one-person and two-person households. These
households need to purchase more durable goods to meet the needs
of their members, indirectly leading to additional energy
consumption and carbon emissions. For example, divorces result
in two separate households, further increasing consumption in areas
like housing, home appliances, and transportation, which generates
additional household carbon emissions, even surpassing the carbon
emission increase from newborns (UNFPA, 2009). In summary,
household size primarily affects household carbon emissions
through economies of scale and sharing mechanisms that
influence consumption patterns. Based on this, the following
research hypotheses are proposed.

Hypothesis 1: Household size has a negative impact on per
capita HCEs.

Household size affects HCEs through scale effect, Therefore, the
impact of household size on direct and indirect HCEs also has a scale
effect. Thaiyoong and Maclean (2011) believes that different
consumer goods have different scale effects. For example, when a
young person leaves his or her parents to live alone, he or she will
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incur consumption expenses such as renting a house (or buying a
house), buying a car, purchasing household appliances and
household commodities. New energy consumption such as
lighting and heating will increase direct carbon emissions, while
new residential and transportation consumption will increase
indirect carbon emissions. Because the demand for housing and
transportation has a larger carbon emission coefficient (Qu
Jiansheng, 2012; Xiang Huali, 2022), compared with the increase
of direct carbon emissions caused by lighting and heating, indirect
carbon emissions increased more. It means that the scale effect of
indirect carbon emissions is greater than that of direct carbon
emissions. Some scholars have pointed out that the impact of
household size on indirect HCEs is greater than on direct HCEs
(Yu et al., 2022; Meng et al., 2023; Zhang et al., 2023). Therefore, this
study proposes the hypothesis 2.

Hypothesis 2: Household size has a negative impact on direct and
indirect HCEs, the impact of household size on indirect HCEs is
greater than on direct HCEs.

This study further argues that the eight categories of consumer
goods that generate indirect HCEs have different scale effect. As
household income increases, the household consumption structure
also changes, showing a decrease in the proportion of food
consumption and an increase in expenditures on transportation,
communication, and housing (Han Jun 2023). Different
consumption types have varying carbon emission coefficients,
with housing having a high emission coefficient (Qu Jian sheng,
2012). Increased housing expenditures will raise household carbon
emissions. Household lifestyles are becoming increasingly carbon-
intensive (Zhang et al., 2020). Different household sizes have varying
proportions of consumption types in their overall consumption,
leading to differences in the carbon emission structures among
different household sizes (Qinchi, 2015). Xinkuo and Han (2017)
found that food, clothing, housing, and communication
consumption significantly contribute to urban household carbon
emissions in China, and income growth and smaller household sizes
mainly increase carbon emissions through these types of
consumption. Therefore, this study proposes the hypothesis 3.

Hypothesis 3: The impact of household size on indirect HCEs is
heterogeneous in consumption structure and the impact of family
size on indirect HCEs from housing, transportation is greater than
that of other consumption items.

China, as a developing country, exhibits a dual urban-rural
structure. Concurrently, China’s rapid urbanization process has
increased the urbanization rate from 36.22% in 2000 to 63.89%
in 2020. The combined effect of urbanization and shrinking of
household size on HCEs is worth exploring. There are significant
differences between urban and rural areas in population structure,
economic development, per capita income, and consumption
patterns (Zhou et al., 2020; Feng et al., 2023). Income levels and
consumption structures are major factors causing differences in
carbon emissions between urban and rural households (Zhang et al.,
2019). Urban households generally have higher income and
consumption levels than rural households, leading to higher
carbon emissions in urban households (Fan et al., 2021). On one
hand, rapid urbanization leads to a massive influx of rural
populations into cities, with infrastructure development

increasing carbon emissions (Satterthwaite, 2009); on the other
hand, urban consumption levels are higher, with stronger
consumption capabilities, more diverse consumption choices, and
more integrated consumption patterns, continuously increasing
urban household energy consumption. Therefore, this study
proposes the hypothesis 4.

Hypothesis 4: The impact of household size on urban household
carbon emissions is greater than that in rural areas.

4 Materials and methods

4.1 Data sources

The data of this research comes from the family economy and
relationship databases of China Family Tracking Survey (CFPS)
database. The survey, conducted by the China Social Science Survey
Center of Peking University, takes households as a sample, and
adopts the probability sampling methods of proportional population
size, implicit stratification and multi-stage, which has certain
authority. According to the research content, this paper selects
the household consumption expenditure items such as clothing,
food, shelter, transportation, and energy in the database to calculate
HCEs. After cleaning, the data of 9,090 households in 2018 were
finally selected.

4.2 Measurement of household
consumption carbon emissions

In the Kyoto Protocol, an international agreement, there are six
kinds of greenhouse gases to be controlled, including carbon
dioxide, methane, etc. The emissions of these gases are called
carbon emissions (IPCC, 2014). However, due to the largest
proportion of carbon dioxide emissions in daily life, carbon
dioxide emissions are regarded as carbon emissions, so this paper

TABLE 1 Chinese carbon emission factors.

Types Factors

Raw coal 1.7t-CO2/t

Cleaned coal 2.21t-CO2/t

Other cleaned coal 0.7t-CO2/t

Coke 2.53t-CO2/t

Coke oven gas 6.18t-CO2/10000m3

Crude oil 2.91t-CO2/t

Gasoline 2.85t-CO2/t

Kerosene 2.94t-CO2/t

Gas oil 3.03t-CO2/t

Fuel oil 3.09t-CO2/t

Liquefied petroleum gas 3.03t-CO2/t

Nature gas 20.93t-CO2/10000m3
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takes carbon dioxide emissions as carbon emissions, and the total
carbon dioxide emissions generated by various consumption
behaviors in households are called HCEs. HCEs can also be
divided into direct and indirect HCEs according to their sources.
Direct HCEs come from the use of main cooking fuel, electric
energy, and heat energy, while indirect HCEs come from eight
categories of consumption expenditure.

4.2.1 Direct household consumption
carbon emissions

Refer to the calculation method of Sun Yue (2022), direct
household consumption carbon emission is the sum of household
fuel carbon emission, electricity carbon emission and heating carbon
emission. This paper uses the IPCC inventory method to estimate
direct carbon emissions and for improving the measurement
accuracy, the Chinese carbon emission factors (Table 1) were
finally selected for calculation (Liu et al., 2013).

(1) Household fuel carbon emissions. Firstly, according to the
CFPS household economy database, the fuel type is determined by
the variable of “main fuel for cooking”; Secondly, the specific energy
consumption Qi is calculated based on the household fuel cost of the
household in the previous year and the annually average market
price of main fuels. Thirdly, determine the carbon emission factor
and calculate the carbon emission according to formula (1). The
specific process follows the formula (1).

Cd � Qi × fi (1)

Where Cd represents carbon emissions of energy in once (unit:
kg); indicates the type of energy; Qi represents the physical quantity
of the i energy consumption (unit:kg/km3); fi represents the carbon
emission factor of the i energy.

(2) Household electricity carbon emissions. The calculation is
similar to the method above. Firstly, the electricity consumption Qe

is calculated from the average annual price of residential electricity,
and then the calculate direct carbon emission according to the
carbon emission factors. Refer to the calculation method of Zhu
Qin (2010), the specific formula (2) is as follows.

Ce � Qe × SCC × 2.46 (2)

Where Ce represents carbon emissions from household
electricity (unit: kg); Qe indicates household electricity
consumption (unit: kw·h); SCC indicates Standard coal
consumption rate of thermal power generation (unit: kg standard
coal/kw·h); 2.46 means that each kilogram of standard coal burned
will release 2.46kgCO2.

(3) Household heating carbon emissions. The heating capacity
Qh of residents is calculated according to the residents’ heating cost
and the heating price of 44 RMByuan/GJ. Since there is basically no
carbon emission in the heating process of residential households,
this paper only takes production stage in consideration. Calculation
is according to formula (3).

Ch � Qh × 34.12 × 2.46 (3)

Where Ch represents the household heating carbon emissions
(unit: kg); Qh represents physical amount of household thermal
energy consumption (unit: GJ); 34.12 is the standard coal conversion
coefficient that commonly used in China, which means that 1 GJ

heat is produced needs 34.12 kg of standard coal consumed (unit: kg
standard coal/kw·h); 2.46 Ibid.

4.2.2 Indirect household consumption
carbon emissions

Household indirect carbon emissions were measured according
to input-output method and consumer lifestyle method. Refer to Qu
Jiansheng (2012), household expenditures that generate indirect
carbon emissions are divided into eight categories, including
food, clothing, shelter, daily necessities and services,
transportation and communication, education, culture and
entertainment services, medical care, and other supplies and
services. The carbon emission coefficients of the eight categories
of household expenditures are shown in Table 2. The calculation
formula (4) is as follows.

Cm � Iic × Cic (4)
Where Cm represents the household indirect carbon emissions

(unit: kg); Iic represents annual household expenditure on various
consumer goods (unit: ¥); Cic indicates carbon emission coefficient
of household consumer goods (unit: kgCO2/yuan).

4.3 Model setting

According to the STIRPAT model (Dietz and Rosa, 1994; York
et al., 2003), this paper takes the household as research object to
establish the household environmental pressure model (formula 5).
Specific linear regression model is as follows.

ln I � ln α + blnPi + c lnAi + dlnXi + ln εi (5)

Where I is household consumption carbon emissions; Pi

represents household demographic characteristics; Ai indicates
household economic characteristics; Xi represents education
level; εi is random error term.

Given the comprehensive consideration of the factors affecting
household carbon emissions, this paper takes per capita household
carbon emissions as the explained variable of model (5), family size
as the core explanatory variable, and selects the gender (Ying et al.,
2023), age (Yu et al., 2022), per capita income (Nair et al., 2019),
urban and rural attributes (Suling Feng et al. ,2023), and education

TABLE 2 Household carbon emission coefficient of consumer goods.

Type Coefficients

Food 0.095 kgCO2/yuan

Clothing 0.126 kgCO2/yuan

Shelter 0.192 kgCO2/yuan

Daily necessities and services 0.158 kgCO2/yuan

Transportation and communication 0.159 kgCO2/yuan

Education, culture and entertainment services 0.160 kgCO2/yuan

Medical care 0.177 kgCO2/yuan

Other supplies and services 0.064 kgCO2/yuan
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level of the household (Zhang et al., 2022) as the control variables, as
shown in Table 3. In most studies, it is usually linearized by taking a
natural logarithm on both sides in solving the problem of
heteroscedasticity and conducting regression analysis (Yu et al.,
2023). In this paper, the logarithm of the explained variables,
explanatory variable, the variable of age and per capita household
income is taken. The baseline model describes the influence of
household characteristics on HCEs (Formula 6), which is estimated
by ordinary least square method (OLS).

lnperc � ln α + b1lnsize + b2gen + b3lnage + clnperin + d1edu

+ d2ur + ln εi

(6)
The definition of household size is the number of members in a

household which clearly explained in the User Manual of the
Chinese Family Tracking Survey. Only those who are directly or
indirectly related by marriage, blood or adoption are defined as
family members. And family members include those who live at
home and those who live outside but have financial ties to family
members. The reason why the head of household is used is that the
head of household plays a significant role in household consumption
decisions and patterns, and the age and gender of the head of
household have a crucial impact on the scale and structure of
household energy consumption (Golley J et al., 2008).

Table 4 is a descriptive statistical analysis of variables. The
maximum and minimum values of per capita HCEs, direct HCEs
and indirect HCEs, and per capita household income differ greatly,
indicating that there are large differences among households. The
largest household size was 17, with an average of 3.479, higher than
the national average level in 2018; the average age of the head of
household is 51.26 years old, indicating that the head of household is
mainly middle-aged and elderly. Urban households accounted for
61% of the total sample. The average education level of the head of
household is close to the level of junior high school. The reason for
the low education level of the head of household may be that the
head of household is older. The head of household over the age of
50 may have been born before 1980, when China’s education level
was not high.

5 Results

5.1 Accounting results of household
carbon emissions

The calculation result shows that the indirect HCEs are greater
than the direct HCEs. In 2018, the average HCEs was 1.35 tons, of
which the average direct HCEs was 0.38 tons, and the average
indirect HCEs was 0.97 tons. The per capita HCEs is 0.51 tons, of
which the per capita direct HCEs is 0.13 tons, and the per capita
indirect HCEs is 0.38 tons.

5.1.1 Scale and composition of per capita carbon
emission of urban and rural households

As shown in Table 5, the level of urban HCEs is higher than
rural. The HCEs of urban and rural is 1.45 tons and 1.22 tons
respectively, and the per HCEs of urban is greater than rural. The per
capita HCEs of urban and rural were 0.57 and 0.42 tons, The per
capita HCEs of urban were greater than rural households; The per
capita direct HCEs and per capita indirect HCEs of urban are greater
than those of rural. However, the proportion of per capita direct
HCEs of urbanHCEs (24.6%) is lower than that of rural (28.5%). It is
worth mentioning that there are obvious differences in the scale and
composition of HCEs in urban and rural areas, which are caused by
the differences in lifestyle, energy structure, economic development
level and infrastructure between urban and rural areas. The
proportion of per capita direct HCEs of rural households is
slightly higher than that of urban households, mainly because of
the simple energy structure in rural that relies on traditional energy
sources for heating and cooking.

5.1.2 Composition of per capita HCEs by different
household size

According to the accounting data, this paper found that the
smaller family size, the higher the per capita direct and indirect
HCEs. In one-person household, the HCEs direct and indirect HCEs
are 2.46 and 9.40 tons/person respectively, while those in an eight-
person household are 0.53 and 0.73 tons/person respectively, and
the emission of the one-person household is about 4.64 and

TABLE 3 Definition of model variables.

Type Name Code Meaning

Explained variables Household per capita consumption carbon emissions perc Direct (indirect) household carbon emissions/household population

Household per capita direct carbon emissions d perc

Household per capita indirect carbon emissions i perc

Explanatory variable Family size size -

Control variables Gender of household head
Per capita household income

gen Female = 0, Male = 1

Age of head of household age -

Per capita household income perin Net household income/family size

Urban and rural attributes ur Rural registration = 0, urban registration = 1

Educational level edu Illiteracy/semi-illiteracy = 0, primary school = 1, junior high school = 2,
high school = 3, junior college = 4, university = 5, master’s = 6,
Doctor’s = 7
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12.87 times than the eight-person household. Figure 1 show that
with the reduction of household size, the proportion of indirect
HCEs per capita increases, while the proportion of direct HCEs per
capita decreases.

5.1.3 Characteristics of household size and HCEs in
China’s provinces

This study matched the sample data to provinces, and then
calculated the average values of household size, per capitaHCEs, per

capita direct HCEs, and per capita indirect HCEs in provinces (see
Figures 2, 3, 4, 5).

Figure 2 shows that Heilongjiang, Liaoning, Jilin, Xinjiang,
Tibet, Ningxia and Beijing are provinces with small family sizes.
Figure 3 shows that Heilongjiang, Liaoning, Jilin, Xinjiang, Tibet,
Ningxia, Hainan, Jiangsu and Zhejiang are the regions with high
levels of per capitaHCEs and these provinces are mainly the western
regions and the economically developed eastern regions. The
provinces with smaller household size partially overlap with
those with higher per capita HCEs, which confirms that there
may be a negative correlation.

Figure 4 show that the province of Heilongjiang, Liaoning, Jilin,
Xinjiang, Ningxia, Qinghai, Shanxi, Shaanxi have higher per capita
direct HCEs. These provinces are concentrated in northern China,
with high latitude and relatively low temperature. They need more
energy for heating in winter, thus bringing more energy
consumption and direct HCEs. Figure 5 show that the provinces
with high household indirect carbon emissions are Tibet, Ningxia,
Jilin, Xinjiang, Qinghai, Hainan, Jiangsu, Zhejiang and Shanghai.
The high indirect HCEs in Tibet, Ningxia, Xinjiang and Qinghai

TABLE 4 Descriptive statistics of variables.

Code N Minimum Maximum Average value Standard deviation

perc 9,090 186.96472 1180826.3671 5152.657768 6086.753192

d perc 9,090 13.83596 26900.32421 1340.601634 1543.522187

i perc 9,090 0 107544.3200 3812.056133 5685.954033

size 9,090 1 17 3.479 1.8169

gen 9,090 0 1 0.50 0.5

age 9,090 17 96 51.26 15.491

perin 9,090 300 5660000 35318.65589 101835.8328

ur 9,090 0 1 0.61 0.487

edu 9,090 0 7 1.92 1.434

TABLE 5 The HCEs of urban and rural (unit:tCO2).

Household carbon emission Urban Rural

HCEs 1.45 1.22

per capita HCEs 0.57 0.42

per capita direct HCEs 0.14 0.12

per capita indirect HCEs 0.43 0.30

proportion of per capita direct HCEs 24.6% 28.6%

FIGURE 1
Composition of per capita HCEs by different household size.
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may be related to the small number of survey data samples in the
database, and there is uncertainty in the data. Jiangsu, Shanghai and
Zhejiang are economically developed regions with high income
levels, so indirect HCEs related to consumption are relatively high.

5.2 The correlation analysis

As shown in Table 6, the absolute values of correlation
coefficients among all explanatory variables are not higher than
0.5, and VIF is not higher than 1.6, indicating that there is no
multicollinearity problem among explanatory variables.

5.3 The results of empirical analysis

5.3.1 The impact of household size on per
capita HCEs

This study uses OLS to analyze the relationship between
household size and per capita HCEs.The regression results are
shown in Table 7. Column (1) in the table is the estimation
result without controlling variables, and column (2) to column
(6) are regression results considering per capita household
income, age and gender of household head, urban and rural
attributes, and education level, respectively.

The results show that the coefficients of household size from
column (1) to column (6) are significantly negative, which means
that household size has a significant negative impact on per capita

HCEs, that is, the smaller the family size, the higher the per capita
HCEs. Hypothesis 1 is verified. The absolute value of the coefficient
of household size is greater than the control variable, indicating that
household size is the primary factor affecting per capitaHCEs. Other
variables in order of influence degree are per capita household
income, age of head of household, urbanization and education level.

There is a significant positive correlation between per capita
household income and per capita HCEs. The reason is that with the
increase of household income, the level of household consumption
has improved. In addition, people pursue high-quality, diversified
and refined consumption, which promotes the increase of carbon
emissions from household consumption (Weber et al., 2008; Nair
et al., 2019; Hartono, 2023).

The age of household head has a significant negative effect on per
capita HCEs, which is consistent with Tong Yufen (2020) and Yu
et al. (2022). The reason may be that with the growth of age, the
consumption willingness of household head decreases, the
awareness of saving becomes stronger, and more attention is paid
to environmental protection, energy conservation and emission
reduction, thus reducing the household’s carbon emissions. The
regression results of gender are not significant, indicating that
gender of household head has no significant impact on
household energy consumption patterns. The regression
coefficient of urban and rural attributes is significantly positive,
which means that in the process of urbanization, the urban lifestyle
of households and the increase of urban families will increase the per
capita HCEs. Education level has a significant positive impact on
household carbon emissions, and the reason may be that household

FIGURE 2
The average household size of provinces in China.
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with higher education income more and desire a higher quality of
life, and the relative increase in consumption demand will increase
HCEs (Li et al., 2019).

5.3.2 The impact of household size on direct and
indirect HCEs

As shown in Table 8, household size has a significant negative
impact on per capita direct HCEs. Larger households can share
energy demands (such as heating, cooling, and lighting), thereby
benefiting from economies of scale, which result in relatively lower
per capita direct carbon emissions. In columns (2) to (6), by
gradually controlling the variables of per capita household
income, age and gender of the head in family, urban and rural
attributes, and education level, the results remain stable except the
gender. The coefficients of household size
are −0.5916, −0.5832, −0.5821, −0.5825, −0.5613, and −0.5604,
respectively. Although the absolute value of the coefficient
decreases with the introduction of control variables, it remains
higher than those of other variables. The influence of other
variables, in descending order of magnitude, are per capita
household income, urbanization, education level, and age of the
household head.

As shown in Table 9, household size has a significant negative
influence on per capita indirect HCEs. These results are consistent
with the results of Underwood and Fremstad (2018) and Guo et al.
(2022). The absolute value of the coefficient for the impact of
household size on per capita indirect HCEs (0.9279) is greater
than that on per capita direct HCEs (0.5604), indicating that

household size has a larger impact on indirect HCEs than on
direct HCEs. Hypothesis 2 is thus confirmed. The absolute value
of the household size coefficient also exceeds that of other variables,
indicating that household size is a key factor influencing indirect
HCEs. In descending order of magnitude, the other influential
factors are per capita household income, age of the household
head, urbanization, and education level. This ranking is
consistent with that for HCEs indicating that indirect HCEs
dominate the HCEs and exhibit a similar trend.

5.4 The robust test

This study further verifies the robustness of the baseline
regression results by employing alternative regression methods
and replacing variables. The Generalized Least Squares (GLS)
method is applied to further eliminate heteroscedasticity and
correct the model to obtain more efficient parameters. As shown
in Table 10, the positive and negative of the coefficients remains
consistent with the baseline regression results from the OLSmethod.

In this study, the number of books in the household is used as a
substitute for the household education level variable (Cong et al.,
2023). Upon cleaning the sample data, it was found that out of
9,090 samples, 3,548 samples had a value of “0,” and 85 samples were
marked as “not filled” or “unknown”. By excluding the “not filled” or
“unknown” samples, we obtained 9,005 valid samples. For these
9,005 samples, a value of 1 was uniformly added before taking the
logarithm for the OLS regression. The results are presented in

FIGURE 3
The average per capita HCEs of provinces in China.
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Table 11. The positive and negative of the coefficients remains
consistent with the baseline regression results.

5.5 Heterogeneity analysis

5.5.1 Household consumption expenditure analysis
According to the classification of household consumption

expenditure above, the household expenditures that produce
indirect HCEs mainly fall into eight categories: food (food),
clothing (dress), shelter (house), daily necessities and services
(daily), transportation and communication (trco), education-
culture and entertainment services (eec), medical care (med) and
other supplies and services (other). Chinese households are
experiencing changes in consumption patterns, most notably an
increase in the proportion of expenditure on housing-related
consumption and a decrease in the proportion of expenditure on
food-related consumption. This study analyzes the impact of
household size on HCEs resulting from eight categories of
consumption expenditure, exploring the relationship between
household size and household consumption patterns.

As shown in Table 12, all coefficients are negative and
significant at the 1% level, The findings demonstrate that
household size has a significant negative impact on per capita
HCEs across all eight expenditure categories. The results further
confirm the existence of economies of scale in household carbon
emissions and suggest that the benefits of different categories of
resources can be shared among family members. In the eight

categories of household expenditures, the coefficients are as
follows: food (−0.2231), dress (−0.0967), housing (0.5131),
daily necessities (−0.0643), transportation and communication
(−0.1982), education, culture, and entertainment (−0.1107),
healthcare (−0.0092), and other expenses (−0.0789). The
top4 impact is observed in housing, food, and transportation
and communication, while the smallest is in healthcare. The
significant carbon emission coefficients for housing, food, and
transportation and communication expenditures indicate that
smaller households have higher demands for housing, food, and
transportation, leading to higher carbon emissions. Smaller
households exhibit a consumption pattern with higher carbon
emissions. Hypothesis 3 is thus validated.

Comparing the driving factors of each consumption category
reveals that household size is not the key factor for all consumption
items. Food expenditure is primarily influenced by per capita
household income and urbanization, while dress expenditure is
mainly affected by household size and household income.
Housing expenditure is primarily influenced by household
income and household size. Daily necessities are mainly
influenced by age and household size. Transportation
expenditure is primarily affected by household income and
gender. Education, culture, and entertainment expenditure are
mainly influenced by household size and household income.
Healthcare expenditure is affected by urbanization and age, while
other goods and services expenditure is influenced by urbanization
and household size. Identifying these factors can help formulate
targeted emission reduction measures.

FIGURE 4
The average per capita direct HCEs of provinces in China.
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5.5.2 Urban and rural analysis
From Table 13, it can be seen that household size has a

significant negative impact on per capita carbon emissions for
both rural and urban households. The elasticity coefficients of
household size on per capita carbon emissions are greater for
urban households than for rural households. This is primarily
due to differences in lifestyle and purchasing power between
urban and rural households. Compared to rural households,
urban households have a more modern lifestyle, greater
purchasing power, and higher frequency of transportation. It
may also be related to the relatively traditional lifestyle of rural
residents, who are more likely to live with older generations,
resulting in larger household sizes. Additionally, per capita
household income has a greater impact on urban households
than on rural ones. The effects of the household head’s age and

education level are smaller in urban households compared to
rural households. This collectively indicates that rural
households are more traditional and frugal. Higher education
levels among household heads are more beneficial in raising
energy-saving and environmental awareness, thereby reducing
HCEs. Hypothesis 4 is thus confirmed.

6 Discussion

The factors affecting household carbon emissions include two
aspects: household consumption patterns and household
demographic characteristics. Scholars have extensively studied the
impact of household size on carbon emissions under different
income and education levels. This article analyzes the impact of
changes in household size on HCEs from the perspective of family
consumption structure and argues that families with smaller sizes
tend to favor high-carbon emission consumption items, and the
effects show urban-rural heterogeneity. This paper contributes to the
study of household carbon emissions and is subject to three potential
weaknesses.

Currently, the methods of Structural Factor Analysis and
Regression Analysis are mainly used in academia for quantitative
analysis of the impact of household characteristics on HCEs. The
Structural Factor Analysis is well-theoretically grounded in the
selection of driving factors (Shi, 2023). Regression Analysis is
primarily based on the STIRPAT model and the STIRPAT model
can be used to analyze various factors that cause disproportionate
changes in environmental pressure (York et al., 2003), and it is

FIGURE 5
The average per capita indirect HCEs of provinces in China.

TABLE 6 Correlation coefficients of explanatory variables.

lnsize lnperin gen lnage edu ur

lnsize 1.0000

lnperin −0.1304 1.0000

gen 0.0135 0.0093 1.0000

lnage 0.1499 −0.2454 −0.0022 1.0000

edu −0.1228 0.4426 0.0092 −0.4725 1.0000

ur −0.1158 0.1700 0.0013 −0.0511 0.1063 1.0000

VIF 1.04 1.28 1.00 1.30 1.51 1.04
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widely applied in the study of driving factors for carbon
emissions. Although the model has some subjectivity in the
selection of variables, one of the advantages of the STIRPAT
model is its flexibility, allowing as it does for the adding,
modification, and decomposition of related influencing factors
(Khan et al., 2020).

The input-output method and consumer lifestyle approach are
often used to measure indirect HCEs. There is a certain lag when
calculating carbon emissions by input-output method, and it may be
impossible in accounting because of incomplete input-output tables
for some years (Wang et al., 2019). The data used in this paper is
2018, and there is no input-output table for this year, so this paper
uses the consumer lifestyle approach to calculate. This method often

calculates indirect HCEs by multiplying the amount of residents’
consumption by the corresponding carbon emission coefficients.
The emission coefficient of consumption amount is fixed and static,
without considering account changes in technological progress. If
technological progress reduces the prices of consumer goods, the
quantity of consumer products may increase even if the amount
spent on consumption remains unchanged. So, this method ignores
the real rebound effect in consumption, making it difficult to
indicate the actual consumption volume of residents. In addition,
the coefficients of energy consumption and other consumption
activities should be adapted to local conditions. Although the
coefficients used in this paper have adjusted based on China’s
consumption characteristics (Qu et al., 2013), they do not reflect

TABLE 7 The result of baseline regression.

(1) (2) (3) (4) (5) (6)

lnsize −0.9187*** (0.0131) −0.8500*** (0.0120) −0.8372*** (0.0120) −0.8372*** (0.0120) −0.8273*** (0.0121) −0.8248*** (0.0120)

lnperin 0.2936*** (0.0067) 0.2798*** (0.0067) 0.2798*** (0.0067) 0.2707*** (0.0069) 0.2437*** (0.0074)

lnage −0.1805*** (0.0207) −0.1805*** (0.0201) −0.1803*** (0.0206) −0.0892*** (0.0225)

gen −0.0031 (0.1310) −0.0032 (0.1310) −0.0041 (0.1300)

ur 0.1171*** (0.0137) 0.1134*** (0.0056)

edu 0.0548*** (0.0056)

constant 9.1701*** (0.0162) 6.1791** (0.0699) 7.0031* (0.1174) 7.0045* (0.1175) 7.0134* (0.1171) 6.8209* (0.1181)

Note: *** (**/*) indicates that the result is statistically significant at 1% (5%/10%) level (same as the table below).

TABLE 8 Regression results of household size and per capita direct HCEs.

(1) (2) (3) (4) (5) (6)

lnsize −0.5916*** (0.0156) −0.5832*** (0.0157) −0.5821*** (0.0159) −0.5825*** (0.0159) −0.5613*** (0.0158) −0.5604*** (0.0157)

lnperin 0.0359*** (0.0088) 0.0346*** (0.0090) 0.0344*** (0.0090) 0.0149*** (0.0090) 0.0050*** (0.0090)

lnage −0.0159** (0.0272) −0.0159** (0.0272) −0.0166** (0.0269) 0.0169** (0.0296)

gen −0.0321 (0.1730) −0.0318 (0.1710) 0.0315 (0.1710)

ur 0.2526** (0.0179) 0.2510** (0.0179)

edu 0.0200*** (0.0073)

Constant 7.4531** (0.0193) 7.0878* (0.0915) 7.1608* (0.1543) 7.1465* (0.1545) 7.1656* (0.1528) 6.0952* (0.1549)

TABLE 9 Regression results of household size and per capita indirect HCEs.

(1) (2) (3) (4) (5) (6)

lnsize −1.0631*** (0.0175) −0.9604*** (0.0156) −0.9380*** (0.0156) −0.9379*** (0.0156) −0.9312*** (0.0156) −0.9279*** (0.0156)

lnperin 0.4412*** (0.0090) 0.4173*** (0.0089) 0.4173*** (0.0089) 0.4111*** (0.0090) 0.3761*** (0.0096)

lnage −0.3137* (0.0267) −0.3137* (0.0267) −0.3140* (0.0267) −0.1953* (0.0292)

gen −0.0081 (0.1170) −0.0082 (0.1170) −0.0093 (0.1169)

ur 0.0802** (0.0177) 0.0746** (0.0177)

edu 0.0710*** (0.0072)

constant 8.8267** (0.0216) 4.3324* (0.0906) 5.7644* (0.1517) 5.7680* (0.1519) 5.7739* (0.1520) 5.5249* (0.1530)
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the differences of household location. Carbon emission calculation
model should be more in line with local production technology level
and household consumption characteristics.

Zhang et al. (2023) utilized the 2018 China’s Urban Household
Income and Expenditure Survey dataset to analyze the impact of
household structure changes on carbon emissions. However, the
China’s Urban Household Income and Expenditure Survey dataset
only includes urban household samples, which cannot be compared
with rural areas. This study employs the 2018 China Family Panel
Studies (CFPS) data, which surveyed a sample of 14,218 households.

After cleaning and excluding invalid samples, the final sample size is
9,090. Conducted by the China Social Science Survey Center at
Peking University, the CFPS is a comprehensive and nationwide
social tracking survey project. And it considers the family as a
sample unit, collecting a wide range of data and includes a complete
variety of survey questionnaires (Sun Y., 2022). Therefore, this paper
uses multidimensional data from the database, including household
demographics, economics, and education, and examines the full
picture of urban and rural household carbon emissions through
household consumption expenditure items related to clothing, food,
housing, transportation, and energy, etc. Among the 9,090 samples,
the sample size of Tibet, Xinjiang, Ningxia, Qinghai and other
provinces is single digit. For instance, there are only 3 samples in
the Tibet, with an average household size of 1.3 people, which is the
lowest among all provinces. The average household size in Tibet in
2020 was 3.19, the highest in China (The Seventh National
Population Census, 2020). A small sample size cannot accurately
reflect the regional situation and may lead to uncertainty in the
empirical analysis results.

Chen L., et al. (2022) explore the spatial relationship between
urbanization and urban household carbon emissions in Chinese
cities at the prefecture level and above, revealing the spatiotemporal
characteristics of urban residents’ carbon emissions. This paper,
based on cross-sectional data, discusses the differences in carbon
emissions between urban and rural residents in China but has not
analyzed the annual changes in household carbon emissions and
their influencing factors. In the future, we will collect data from
more years to track the spatiotemporal evolution of China’s HCEs
and driving factors. Liu (2023), based on the analysis of British
household data, believes that compared to household income,
lifestyle-related factors have a greater impact on household
carbon emissions. And Liu (2023) specified how the concept of
lifestyle is associated with housing fuel using emissions and motor
emissions and evaluated whether the living area and the number of
cars owned are the reflection of energy-saving lifestyles. Although
this study has focused on the structural changes in household
consumption, it cannot determine whether the family’s lifestyle
tendencies are energy-saving. In the future, this paper will adopt
a database that includes more information on family lifestyles to

TABLE 10 Regression results based on GLS.

lnperc Ind_perc Ini_perc

lnsize −0.8248*** (0.0120) −0.5604*** (0.0157) −0.9279*** (0.0000)

lnperin 0.2437*** (0.0074) −0.0050*** (0.0097) −0.3761*** (0.0096)

lnage −0.0892*** (0.0225) −0.0169 (0.0296) −0.1953*** (0.0292)

gen −0.0041 (0.0130) −0.0093 (0.0654) −0.8248 (0.0169)

ur 0.1134*** (0.0136) −0.2510*** (0.0179) 0.0746*** (0.0177)

edu 0.0548*** (0.0056) −0.0200*** (0.0073) 0.0710*** (0.0072)

constant 0.8209*** (0.1181) 0.7952*** (0.1549) 5.5249*** (0.1530)

TABLE 11 OLS regression results by replacing variables.

lnperc Ind_perc Ini_perc

lnsize −0.8359*** (0.0122) −0.5873*** (0.0159) −0.9358*** (0.0160)

lnperin 0.2679*** (0.0069) 0.0084*** (0.0090) 0.4105*** (0.0091)

lnage −0.1769*** (0.0207) −0.0062*** (0.0269) −0.3229*** (0.0271)

gen −0.0069 (0.0131) −0.0256 (0.0170) −0.0127 (0.0172)

ur 0.1053*** (0.0141) 0.2057*** (0.0183) 0.0808*** (0.0185)

lnbook 0.0160*** (0.0034) 0.0511*** (0.0044) 0.0044 (0.0045)

constant 7.0108 (0.1175) 7.1402 (0.1526) 5.8102 (0.1538)

TABLE 12 The effect of household size on the different expenditure categories.

food dress house daily trco eec med other

lnsize −0.2231***
(0.0204)

−0.0967***
(0.0156)

−0.5131***
(0.0276)

−0.0643***
(0.0365)

−0.1982***
(0.0239)

−0.1107***
(0.0387)

−0.0092***
(0.0349)

−0.0789***
(0.0338)

lnperin −0.304***
(0.0124)

−0.0525***
(0.0154)

−0.9747*
(0.0277)

0.0195* (0.0212) 0.4111 (0.0144) 0.0416* (0.0234) −0.0524**
(0.0221)

−0.0188*
(0.0205)

lnage −0.0430*
(0.0382)

0.0737** (0.0475) −0.308**
(0.0516)

0.0732** (0.0687) −0.0136**
(0.0446)

−0.0199**
(0.0732)

0.0644** (0.0653) 0.0416**
(0.0632)

gen 0.0051 (0.221) 0.0122** (0.0279) −0.0197**
(0.0289)

0.0042** (0.0394) −0.27996**
(0.0258)

−0.0274**
(0.0418)

−0.0164**
(0.0377)

0.0376**
(0.0365)

ur −0.2555**
(0.0232)

−0.0130 (0.2886) −0.0160**
(0.0313)

−0.0459**
(0.0414)

−0.0195 (0.2710) 0.0129** (0.0439) −0.0848**
(0.0396)

−0.0935**
(0.0384)

edu −0.0053***
(0.0094)

0.0072***
(0.0117)

−0.0031***
(0.0127)

0.0045 (0.1687) 0.0038* (0.1110) 0.0064***
(0.0179)

−0.0122***
(0.0161)

−0.0019***
(0.0156)

Const-
ant

8.0527
0.1990

6.0752 (0.2475) 7.3413 (0.2691) 6.0527 (0.3556) 6.4742 (0.2328) 6.8806 (0.3768) 6.9885 (0.3398) 3.8849 (0.3294)
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delve into the impact of Chinese family lifestyles on household
carbon emissions.

7 Conclusion and policy implications

Based on the CFPS (China Family Panel Studies) household
data, this paper explores the impact of family size on total household
carbon emissions, direct and indirect household carbon emissions,
and especially analyzes the heterogeneity of urban and rural
structure and household consumption structure.

Firstly, our empirical results have proved that the negative effect
of household size on indirect HCEs per capita (−0.9279) was greater
than that of direct HCEs (−0.5604). On the contrary, household
income and education level are positively correlated with household
carbon emission, while household aging characteristics are
negatively correlated with the emissions. The effect of household
size is higher than that of household income, aging, and
education level.

Secondly, from the perspective of urban and rural structure, the
level of per capita carbon emission among urban households
(−0.8392) is higher than that of rural households (−0.7112),
indicating that the rapid urbanization in China and household
size miniaturization increase the imbalance of carbon emissions
between urban and rural areas, and have a “superimposed effect” on
HCEs, which is not conducive to achieve the target of carbon
peaking and neutrality.

Thirdly, household size has a negative impact on eight
categories of consumption that bring indirect HCEs and the
degree of impact in descending order is housing (−0.5131), food
(−0.2231), transportation and communication (−0.1982),
education and entertainment (−0.1107), clothing (−0.0967),
daily necessities (−00643), other categories (−0.0789), and
medical care (−0.0092). The upgrading of household
consumption structure and the miniaturization of household
size promote the increase HCEs. These carbon emission
reduction potentials from different spending categories
highlight the importance of optimizing household
consumption structure for carbon emission reduction in
Chinese households.

Based on the above research results, the following policy
implications can be drawn.

Firstly, it is necessary to optimize family structures and
encourage economy sharing within families. The current
society is facing aging populations, declining birth rates, and
the emergence of concepts such as non-marriage and Dink
families, which have led to the decline of average family size
in China. The government should strive to optimize family
structures and improve the coverage of social welfare to
mitigate the trend of shrinking family sizes. For example, the
government could alleviate social pressures through balancing
regional housing prices and employment opportunities and
reduce the phenomenon of young people’s late or refusing
marrying. Given the positive role of the elderly in family
carbon reduction, the government should guide young people,
especially urban youth, to live together with their aging parents.
In addition, the entire society should provide more convenience
and support for young people to cohabit with the elderly. This not
only reduces the number of families and per capita living space
but also helps the elderly use more energy-efficient household
appliances, promoting carbon emission reduction and
maximizing the scale economy, while encouraging the sharing
of goods and services between families to promote the sharing
economy within household.

Secondly, it is necessary to optimize the family consumption
structure and advocate for a low-carbon consumption approach.
The government should consciously establish a green consumption
policy system to promote a low-carbon and environmentally
friendly lifestyle. For example, using low-carbon labels can
inform consumers about the carbon content of products and
services, influencing their purchasing decisions. Considering that
family consumption decisions are affected by costs and prices, it is
advisable to guide family consumption behavior through
measurements such as fuel taxes, congestion charges, carbon
taxes on high-carbon products, and tiered electricity pricing.
Establishing a personal carbon account is also beneficial to create
a personal carbon tax system, which can digitally record an
individual’s carbon emissions in clothing, food, housing, and
transportation. Additionally. guiding small-scale families to
choose green, low-carbon products plays an important role
through incentive mechanisms, such as green buildings, green
food, and new energy vehicles, encouraging the use of public
transportation, promoting environmentally friendly shopping, or
low-carbon consumption packaging, etc. Encouraging enterprises to

TABLE 13 The impact of household size on HCEs in urban and rural areas.

Rural Urban

Inperc Ind_perc Ini_perc Inperc Ind_perc Ini_perc

lnsize −0.7112*** (0.0197) −0.4916*** (0.0265) −0.8628*** (0.0251) −0.8392*** (0.0152) −0.5554*** (0.0194) −0.9589*** (0.0199)

lnperin 0.2503*** (0.0115) 0.0053 (0.1557) 0.3884*** (0.0147) 0.2806*** (0.0086) 0.0171 (0.0110) 0.4218*** (0.0113)

lnage −0.2844*** (0.0374) −0.1465*** (0.0505) −0.4359*** (0.0478) −0.1310*** (0.0245) 0.0456 (0.0323) −0.2532*** (0.0320)

gen −0.0020 (0.0219) −0.0083 (0.0296) 0.0039 (0.0286) 0.0105 (0.0162) −0.0038 (0.0206) 0.0153 (0.0212)

edu −0.0195** (0.0077) −0.0338*** (0.0104) −0.0152 (0.0099) −0.0020 (0.0057) −0.0034 (0.0072) 0.0023 (0.0075)

constant 7.6381*** (0.2121) 7.8719*** (0.2895) 6.4524*** (0.2709) 6.8473*** (0.1409) 7.1722*** (0.1796) 5.5241*** (0.1845)

N 3,508 3,508 3,508 5,582 5,582 5,582
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provide more intensive residential apartments, low-power
appliances, and miniaturized daily necessities suitable for small-
scale families is also a step forward. The housing sector has become a
sector with great potential for reducing carbon emissions (Dusan
Gordic, 2023), and the government could design balanced rental and
purchase schemes to allow renters to enjoy the same public rights as
homeowners, increasing the consumption nature of housing and
reducing its investment nature (Zhao et al., 2023).

Thirdly, it is necessary to tap into the potential of rural HCEs.
Strengthen the transformation of traditional energy in rural areas, for
example, by implementing policies to change from coal to gas, which
greatly reducing the proportion of rural direct carbon emissions.
Meanwhile, enhancing the education and publicity of energy-saving
and emission-reduction contributes to raising the awareness of energy
conservation and emission reduction among rural families.
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