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Impact of house prices on
household carbon emissions

Ying Cong*, Yanxu Wang and Yanlin Wu

School of Investment and Construction Management, Dongbei University of Finance and Economics,
Dalian, China

Carbon emissions generated by household activities are an important factor in
climate change; reducing household carbon emissions (HCEs) will be an essential
part of future energy conservation and sustainability initiatives. Housing prices
have a crucialimpact on residents’ consumption, and the increase of consumption
level is the main reason for the rise of household carbon emissions. Therefore,
studying the impact of housing prices on HCEs not only provides guidance on
expanding domestic demand and increasing consumption from the perspective of
housing prices but also provides construction advice on curbing global warming
and is more conducive to the development of building sustainable consumption.
Taking household consumption as a starting point, this study investigates the
impact of house prices on HCE in China based on the 2018 Chinese Household
Tracking Survey (CFPS) and the China Energy Statistics Yearbook, using the carbon
emission factor method to measure carbon emissions. It was found that increased
house prices had a significant positive effect on HCEs. There is a clear wealth
effect of rising house prices among homeowners, while the substitution effect
also increases consumption among non-homeowners (by reducing attempts to
save). Furthermore, rising house prices have a varied effect on different types of
HCEs. The impact on emissions from everyday necessities such as clothing and
housing is greater, and the impact on entertainment-related carbon emissions is
small. In addition, rising house prices had the strongest effect on HCEs in central
China. Homeowners in the east responded more to increased house prices than in
the west, while the inverse effect was observed among non-homeowners. Urban
homeowners and rural non-homeowners were also more sensitive to rising house
prices. Policy recommendations are made based on the findings.

KEYWORDS

housing price, household consumption carbon emissions, wealth effect, crowding in
effects, crowding out effect

1 Introduction

The death rate from heat stroke reached a new a record high in 2022, and global warming
is becoming increasingly severe (Global Burden of Disease Collaborative Network and
Global Burden of Disease Study, 2019). There is global consensus that global warming needs
to be slowed through energy saving and emission reduction. Carbon dioxide is the
greenhouse gas with the greatest impact on the climate; according to the World
Meteorological Organization’s Greenhouse Gas Bulletin, by 2020, carbon dioxide
concentrations had reached 149% of preindustrial levels, and the warming effect on the
climate had increased by 47% over the previous 30 years, with carbon dioxide contributing
up to 80% of this warming effect. Research on carbon emissions has long focused on carbon
emissions at the production level and neglected the consumption level. With rapid economic
development, individuals’ income and consumption have increased dramatically; some
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studies have shown a strong correlation between carbon emissions
and public consumption levels. The United Nations Environment
Programme’s 2020 Emissions Gap Report states that household
consumption currently accounts for approximately two-thirds of
total greenhouse gas emissions (United Nations Environment
Programme, 2020). The Chinese Academy of Sciences has also
reported that 53% of total carbon emissions are generated by
household consumption; they claimed that accelerating the
transformation of lifestyles among the general public has become
an essential part of mitigating climate change.

Against the background of urbanization and rapid economic
development, house prices in China have continued to rise. For
homeowners, the appreciation of housing assets, which typically
account for a large share of their total assets, changes the scale of
household consumption. For non-homeowners, rising house prices
cause an increase in rent expenditure, which also affects the scale of
household consumption. This raises the question of whether rising
house prices have affected household carbon emissions (HCEs). Do
rising house prices have a wealth effect on homeowners’ HCEs? Is
there a substitution effect between non-homeowners” consumption
and savings that affects their HCEs? Currently, house prices remain
persistently high while there is the expectation of a reduction in
carbon emissions; accordingly, this paper conducts a study on the
impact of house prices on HCEs. Carbon emission reduction faces
difficulties such as fragmentation and accounting difficulties. Thus,
exploring public participation in carbon emission reduction taking
households as a unit can significantly inform the development of a
sustainable future for everyone.

2 Literature review
2.1 Rising house prices and consumption

Urbanization brings economic growth and raises the price of
real estate. Wang et al. (He and Shaojun, 2017) argued that while the
urban agglomeration effect promotes economic growth, it also has a
negative impact, causing a mismatch between land and housing
supply and population movements toward economically developed
cities. Accordingly, housing demand increases, pushing up house
prices. Weizeng et al. (Weizeng and Siqi, 2016) argued that increased
urbanization drives house price expectations and ultimately causes
house prices to rise. It has been suggested that urbanization will
continue to be the main factor driving housing demand in the future
(Kesha, 2017). Thus, both supply- and demand-oriented market
forces have consistently increased house prices, widening the
housing wealth gap and forming a wealthy class whose wealth is
based on housing, which is replacing traditional determinants of
social class such as income, education, and occupation (Hang et al.
(Bin and Lei, 2016); Min (Xueqin, 2011)).

Furthermore, house prices affect household consumption.
However, scholars both in China and internationally have failed
to establish a unified view on their relationship. Existing views can
be divided into the following three categories: first, house prices and
household consumption are positively correlated; that is, rising
house prices boost household consumption. For homeowners, the
rise in house prices increases housing wealth and thus increases
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consumption. Using survey data from the United Kingdom,
Campbell and Cocco (Campbell and Cocco, 2007) empirically
verified that house price increases have a wealth effect; house
prices are positively related to consumption. Rising house prices
may also boost consumption among non-homeowners through a
substitution effect. Li et al. (Li et al., 2013) studied the relationship
between rising house prices and residents’ propensity to consume in
China and showed that rising house prices caused non-homeowners
to abandon the purchase of housing and expand their consumption
instead, increasing their average propensity to consume.

The second view is that house prices are negatively related to
household consumption; that is, rising house prices inhibit
household consumption. Sheiner (Sheiner, 1995) showed that
any increase in the consumption of homeowners due to rising
house prices may be offset by the increased savings of potential
home-buying households, reducing current consumption.
Shaobo et al. (2016) also argued that rising house prices make
homeownership more expensive for non-homeowners,
requiring residents to save more and consume less. Zhang
et al. (Yalin et al., 2019) argue that rising house prices lead to
new home buyers facing large housing debt, and a study by Yalin
Zhang et al. shows that housing debt can crowd out development
and enjoyment-oriented consumption, creating disincentives to
consumption.

The third line of literature suggests that the effect of house prices
on household consumption is not significant. That is, the wealth
effect may be cancelled out by negative impacts of rising house prices
on consumption. Phang (2004) showed that the increase in house
prices in Singapore did not have a significant impact on total
consumption. Furthermore, Poterba (2000) and Li and Chen
(Tao and Binkai, 2014) argued that housing assets have the
attributes of consumer goods, and an increase in house prices
thus leads to an increase in household wealth. At the same time,
the cost of housing as a consumer good has also increased, so the
impact of house price increases on consumption is not significant. In
addition, Fisher et al. (Fisher and Montalto, 2010) argued that the
wealth effect of housing may lag, and consumption is not affected in
the short run.

2.2 Household carbon emissions

It is widely believed that carbon emissions are concentrated in
industry. Accordingly, China’s energy consumption policies mainly
target industrial production; this approach runs the risk of
underestimating the impact of carbon emissions from everyday
consumption. Schipper et al. (1989) found that 45%-55% of total
energy consumption was influenced by household consumer
activity. Bin et al. (Bin and Dowlatabadi, 2005) analyzed the daily
consumption of a sample of U.S. residents and found that more than
80% of total energy consumption originated from residents’ daily
consumption; direct consumption by residents accounted for 41% of
the total. Huang (Huang and Keshen, 2013) and Zhu (Zhiming et al.,
2013) argued that the influence of household consumption on urban
and rural carbon emissions is prominent, with HCEs being the
source of all and the vast majority of carbon emissions for urban and
rural residents, respectively. Feng et al. (Ling et al., 2011) examined
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the carbon emissions of urban residents’ living in China from
1999 to 2007 and concluded that due to the different proportion
of each consumer product in household consumption, carbon
emission coefficients and carbon emission levels varied across
different households.

Household consumption is an important driver of energy
consumption and CO, emissions (Sanquist et al., 2012). In China
and internationally, scholars have conducted in-depth studies on
carbon emissions caused by household consumption, mainly
using the investment-output model and carbon emission
coefficient method for measurement. The former is mostly
used to measure from a macro perspective, while the latter is
mainly used for micro-level analysis. Kim (2002) studied the
impact of changes in consumption patterns on carbon emissions
in Korea from 1985 to 1995 and concluded that direct energy
consumption and demand for high-emission consumer goods
were the main factors affecting carbon emissions. Zhen (2011)
constructed an input-output model to measure carbon emissions
from household consumption, and the results showed that
household consumption has a pulling effect on carbon
emissions. As for the carbon emission coefficient, this
represents the amount of carbon emissions produced per unit
of energy consumed during the use of an energy source.
According to the IPCC, the carbon emission coefficient of an
energy source is generally assumed to be constant when using the
carbon emission coefficient method. Yang et al. (2016) used this
method to classify household consumption into residential
building carbon emissions and transportation carbon
emissions. Wang (Qinchi, 2015) measured carbon emission
coefficients to obtain direct and indirect HCEs for eight major
consumption categories (based on an IPCC categorization). As
this method is capable of calculating micro-level HCEs, this study
uses it to measure direct and indirect carbon emission coefficients
and then measures carbon emissions according to each type of
consumption.

In summary, the existing literature shows that urbanization-
related rising house prices increase total household wealth and thus
impact consumption, but whether the impact is positive or negative
has yet to be conclusively established. The current research on the
impact of domestic consumption on HCEs mainly focuses on
examining the influencing factors behind this impact; it is
believed that household characteristics, individual factors, and
level of economic development have an impact. Overall, it is
assumed that there is a certain statistical relationship between
rising house prices and HCEs.

Accordingly, this paper contributes findings by building a
theoretical bridge between house prices and HCEs, including
identification of the transmission channels and mechanisms by
which they are related.

3 Proposed mechanism and research
hypotheses

Rising house prices affect the value of housing as an asset as well
as the cost of housing as expenditure, both of which affect household
consumption. Furthermore, household consumption is highly
correlated with HCEs, so rising house prices are likely to impact
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HCEs. Household consumption is gradually becoming an important
driver of energy consumption and HCEs (Zhu (Qin et al., 2012);
Peng (Xizhe and Qin, 2010); Zhou et al. (Li and Xingjian, 2020)). For
both urban and rural households, household consumption is the
source of all or the vast majority of HCEs; HCEs are positively
correlated with different household consumption levels (Weber and
Matthews, 2008); Wier & Lenzen (Wier et al., 2001); Shang et al.
(Mei et al.,, 2021)).

There are various mechanisms by which house price increases
act on consumption, and this is also true for the mechanisms that act
on HCEs. Among homeowners, this mechanism is centered on a
wealth effect from rising house prices, which can cause an increase in
the wealth level of homeowners and thus increase consumption. The
former refers to homeowners selling or refinancing their household
assets; this increases their actual wealth and boosts consumption
(Song (Bo, 2007); Huang and Tu (Jing and Meizeng, 2009)). The
unrealized wealth effect occurs when homeowners’ homes are a
necessity that cannot be liquidated; an increase in house prices may
nonetheless cause an increase in perceived wealth and boost
consumption (Yongru, 2008; Huang and Keshen, 2013). The
housing “wealth effect” is widespread in China, with home
ownership, number of homes, and housing value all contributing
to household consumption (Wang Yiqiu et al. (Yigiu and Ningning,
2019)). Based on the above analysis, the following hypothesis is
proposed.

H1: For homeowners, the wealth effect of rising house prices
promotes their consumption-related HCEs.

Among renter households, rising house prices may have positive
or negative impacts on consumption and HCEs. First, rising house
prices make it more difficult for people who are planning to buy a
house to afford a purchase; as long as house price rises make this
difficult rather than impossible, consumption will be cut as
prospective homeowners increase savings, negatively impacting
consumption (Yoshikawa (Yoshikawa, 1989); Hang and Yu (Bin
and Feng, 2018)). Furthermore, rising house prices will increase
rent; if renters’ total income remains unchanged, then consumption
may be negatively affected (Zheng (Xiwen, 2018)). However,
consumption may be positively affected if potential homebuyers
who are facing tighter budget constraints abandon their plans to
purchase a home, showing a substitution effect whereby savings are
substituted for consumption. Positive or negative changes in
household consumption will have a corresponding impact on
HCEs. In fact, the excessively rapid rise in house prices in China
has led to an increasing house price-to-income ratio, exacerbating
consumer behavior of waiting for changes in the real estate market
and shifting to other consumption. Based on the above analysis, the
following hypothesis is proposed.

H2: For non-homeowners, an increase in house prices decreases
savings and promotes consumption-related HCEs.

In summary, this paper analyzes the impact of rising house
prices on HCEs from the perspective of home ownership,
investigating two separate transmission paths for homeowners
and non-homeowners.

As shown in Figure 1, this study analyzes the impact of a rise in
housing prices on the carbon emission of household consumption
from the perspective of housing property rights, which is specifically
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FIGURE 1

Mechanism of action analysis diagram.

divided into two transmission paths: families with houses and
families without houses.

4 Measuring carbon emissions from
household consumption

4.1 Data sources

The research data in this paper were obtained from the
2018 China Household Tracking Survey (CFPS), the Chinese
Statistical Yearbook, and the Chinese Energy Statistical Yearbook.
The China Household Tracking Survey (CFPS) is a survey
conducted by the Social Science Survey Center of Peking
University to reflect the social, economic, and demographic
aspects of China by tracking and collecting data at the individual,
household, and community levels to provide a database for academic
research. The CFPS completed interviews with approximately
15,000 households, with samples distributed in more than
900 districts and counties and more than 3,000 villages. The

CFPS2018 questionnaire includes five databases, household
member questionnaire, household economic questionnaire,
individual  self-response  questionnaire, individual proxy

questionnaire, and teenage parent proxy questionnaire, which
were combined for each household using the household financier
as the household representative. The data are published for a sample
of households in eight consumption categories—food, clothing,
household goods and services, healthcare, transportation and
communication, other goods and services, and housing—with
household
payment types. Different industries consume different energy,

consumption derived from calculating different

and their energy consumption coefficients and calorific values
vary, while consumption originates from different production
fronts. The data for the energy balance sheets needed to measure
carbon emissions from household consumption were obtained from
the China Statistical Yearbook and the China Energy Statistical
Yearbook for the corresponding years. Housing values as well as
household household
variables, and demographic characteristics variables
obtained from the 2018 China Household Tracking Survey.

housing rent, income, characteristics

were
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4.2 Measurement methods

Household energy consumption includes direct and indirect
consumption; thus, carbon emissions from household consumption
can also be direct and indirect. Direct carbon emissions are generated by
the energy consumed by household members in their daily lives, such as
the use of various appliances or other equipment for lighting, heating,
cooking, etc., that consume energy sources such as coal, liquefied
petroleum gas, and natural gas. Indirect carbon emissions are
generated by households’ consumption of various goods and
services; they indirectly consume the energy used in the process of
producing those goods and services (Ling et al., 2011). In this study, we
choose carbon dioxide to measure the carbon emission coefficient
(Jingyi, 2021). The industrial data used in our measurement of
carbon emission coefficients for direct and indirect energy
consumption are obtained from the China Statistical Yearbook and
the China Energy Statistical Yearbook.

The calculation of the direct carbon emission coefficient is as
follows:

Eg = aid; 6))

where E; is direct carbon emissions from household consumption
(kg), d; is the heat generated from the ith direct energy source
consumed by the household (kJ), and «; is the carbon emission
coefficient (kg/k]). Direct carbon emissions are part of HCEs; the
formula for calculating the direct household carbon emission
coefficient can be expressed as follows:

wy = Ed/I 2)

where w, is the direct carbon emission coefficient of household
consumption (kg/yuan), and I is household housing expenditure (¥).

We calculate the indirect carbon emission coefficient based on the
energy balance sheet and each energy emission coefficient. According to
the National Bureau of Statistics Classification of Consumer
Expenditure, consumer expenditure items are divided into eight
categories: clothing; housing; food; household goods and services;
transportation and communication; education, culture, and
entertainment; healthcare; and other goods and services. Details are

shown in Table 1.
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TABLE 1 Industries corresponding to the eight major consumption categories.

Consumption category

10.3389/fenvs.2023.1149089

Industrial industry category

Clothing Textile industry, textile and clothing, shoes, hat manufacturing industry, leather, fur, feathers (velvet) and related products
Housing Construction, production and supply of electricity and heat, production and supply of gas, production and supply of water
Food Agricultural and side-side food processing industry, food manufacturing industry, beverage manufacturing industry, tobacco

Household goods and services

Wood processing and wood, bamboo and rattan, brown, grass products industry furniture manufacturing industry, electrical
machinery and equipment manufacturing industry, metal products industry, plastic products industry

Transportation and communication

Education, culture, and entertainment

Healthcare

Other goods and services

TABLE 2 CO, emission coefficients for household consumption.

Transportation equipment manufacturing, communications, computer and other electronic equipment manufacturing,
transportation, storage and postal services

Paper and paper products industry, culture and sports goods manufacturing, printing industry and record media replication,
Instrumentation and culture, office machinery manufacturing industry

Pharmaceutical manufacturing

Wholesale, retail and accommodation, catering, crafts and other manufacturing

Energy type Coefficient tC/TJ Calorific value TJ/t Coefficient tC/t
Coal 25.8 0.0209 05392
Coke 292 0.0284 0.8293

Crude Oil 20 0.0418 0.8360

Fuel Oil 21.1 0.0418 0.8820

Petrol 19.1 0.0431 0.8232
Kerosene 19.6 0.0431 0.8448

Diesel 20.2 0.0427 0.8625
Liquefied Petroleum Gas 17.2 0.0502 0.8634
Gas 153 0.0389 0.5952
Electricity 63.3 0.0036 0.2279

Carbon emission coefficient data (t C/TJ) from IPCG; calorific value data from China Statistical Yearbook, which is calculated as carbon emission coefficient in physical quantity (tC/t).

Drawing on existing literature, the consumption items are
recategorized to obtain the indirect carbon emission coefficient
formula:

3)

B = Z Z(aifnian)/am

where f3,, is the indirect carbon emission coefficient of the mth
consumption of the household (kg/yuan), a,, is the cumulative value
added of the industry in the mth consumption (¥), a, is the value
added of the nth industry in the mth consumption (¥), and f,; is the
heat generated by the jth energy consumed per unit of value added of
the industry n (kJ/yuan).

household
coefficients, direct and indirect carbon emission coefficients need

To generate consumption carbon emission
to be calculated separately and summed. The carbon emission
coefficients for different energy sources are shown in Table 2,
and the data are obtained from IPCC. The measurement of
carbon emission coefficients for the eight categories of household
consumption is calculated according to Eq 2, 3, and the results are

shown in Table 3.
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5 Model setting
5.1 Model setting

To study the impact of house price increases on HCEs by home
ownership, we establish the following model based on traditional
consumption theory to study the effect of house price increases on
homeowners’ HCEs using housing value as the explanatory variable:

InHousehold; = a; + f3; InHousevalue; + y; Inincome;+¢,X; + €

(4)

In examining the impact of rising house prices on non-
homeowners” HCEs, rent was chosen as the explanatory variable,
and the model was established as follows:

InHousehold; = a; + B; InHouserent ; + y; Inincome;+¢ X ; + ¢;
(5)

where Household,; ; denotes HCEs, Housevalue; denotes housing
value, Houserent; denotes housing rent, income; j denotes
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TABLE 3 CO, emission coefficients by consumption category.

Consumption

Carbon emission intensity/carbon

category emission coefficient (kg/yuan)
Food 0.043
Clothing 0.069
Household goods and services 0.080
Education, culture, and 0.085
entertainment
Healthcare 0.044
Transportation and 0.123
communication
Other goods and services 0.012
Housing 1.085
Carbon emission coefficient data (t C/TJ) from IPCC.
household income, and X;; denotes other household

characteristic and individual variables that have an impact on
HCEs (X;,; will be added to the econometric model as control
variables for the regression, as described below). & j denotes the
random error term.

5.2 Variable description

5.2.1 Explained variable

The explained variable is consumption-related HCEs
(Household), which is the sum of consumption carbon
emissions of food (food); clothing (dress); transportation and
communication (trco); healthcare (med); housing (house);
household goods and services (daily); education, culture, and
entertainment (ecc); and other goods and services (other).
Consumption-related HCEs are calculated using the carbon
emission factors for each type of consumption and the related
carbon emission coefficients.

When studying the effect of house prices on homeowners’
HCEs, the value of the home owned by the household
(Housevalue) is used as the explanatory variable; when
studying non-homeowners, the logarithmically processed

housing rent (Houserent) is chosen as the explanatory variable.

5.2.2 Control variables

A series of variables that have been shown to affect HCEs are
used as control variables. The control variables are divided into
three categories. First, as an economic variable, we choose
household income (Income), which affects consumption and
thus HCEs. Second, regarding household characteristics, we
include household size (familysize), car ownership (car), the
importance the household attaches to education expressed by
the number of books in the household collection (fs8), and
urban-rural classification (urbanl8). The third category of
variables relates to the household head, including their
education (edu), marital status (marriage), gender (gender),
and party membership (party). As the concept of household
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head is not included in the CFPS database, the main financiers
in the survey are taken as household heads. In addition, dummy
variables for the province in which the household is located were
included to control for regional and cultural differences.

After data processing (e.g., merging, shrinking, and removing
singular values) and removing invalid samples for the CPFS
database, descriptive statistics were produced from the data, and
the results are shown in Table 4.

6 Empirical analysis

6.1 Baseline regression results for
homeowners

The results in column (1) of Table 5 show that an increase in
the value of housing significantly contributes to homeowners’
HCEs; thus, the increase in house prices has a wealth effect. The
coefficient of housing value is 0.21, which means that when the
value of housing increases by 1%, HCEs increase by 0.21%.
Columns (2), (3), and (4) indicate the gradual addition of
and household head
control variables to the separate regressions; the housing value

economic, household characteristics,
coefficient decreases from 0.21 to 0.07. That is, a 1% increase in
house prices increases HCEs by 0.07%; thus, increased house
prices still have a wealth effect on HCEs. From column (2)
(economic variables), a 1% increase in household income is
associated with a 0.28% increase in HCEs. Thus, an increase
in household income raises the level of household consumption
and has a greater impact on HCEs than the other control variable
categories. Column (3) expresses the household characteristics
variables, all of which are shown to contribute to HCEs. In our
model, household size contributes significantly to HCEs: when
household size expands by 1%, HCEs expand by 0.11%; thus,
there is no evidence of household economies of scale. Households
with cars have significantly increased HCEs, with a coefficient of
0.13. Additionally, the higher the importance household attach to
education, the more they focus on spiritual pursuits, and the
more importance they place on consumption quality and
consumption upgrading. As for residential urban
households have higher HCEs than those in rural areas,
food,

transportation and communication. This may be due to the

area,

particularly in the categories of clothing, and
poor infrastructure in rural areas, which leads to consumers in
rural areas having less luxury and recreational spending. Column
(4) shows that education contributes slightly to HCEs; the effect
is not strong, probably because education level is not a major
factor in determining household economic power. Overall,
housing value increases have a significant wealth effect, which
promotes HCEs; household economic characteristics are the
most significant force promoting HCEs, while household head
characteristic variables have the smallest effect. Thus, regardless
of whether the wealth effect is realized or unrealized, it increases
perceived total household assets among homeowners, positively
impacting household consumption and HCEs.

Importantly, homeowners are not a homogenous group. Yu
(Yu and Lee, 2017) argued that the number of houses owned

affects the relationship between house prices and consumption.
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TABLE 4 Descriptive statistics of the main variables.

10.3389/fenvs.2023.1149089

Variable name Number of samples Mean Median Variance Min Max
Household 8,262 4,934 4344 2,858 935 13,178
Housevalue 11,580 326,744 150,000 469,476 0 2900000
Houserent 12,608 109.7 0 431.4 0 10,000

Income 11,356 70,838 60,000 50,104 6,700 244,000
familysize 12,148 3.015 3 1.424 1 6
marriage 12,608 0.872 1 0.334 0 1

fs8 11,491 17.45 2 27.50 0 100
car 12,608 0.293 0 0455 0 1

urban18 12,608 0.517 1 0.500 0 1

gender 12,608 0.524 1 0.499 0 1

party 12,608 0.106 0 0.308 0 65

Edu 12,547 2755 3 1373 1 6

TABLE 5 Baseline regression of the model for homeowners.

©) ) ©) (4)
InHousehold InHousehold InHousehold InHousehold

InHousevalue 0.2114%%* (0.0131) 0.1066** 0.0841%** 0.0788***
(0.0077) (0.0082) (0.0083)
InIncome 0.2879* 0.2876*** 0.1922%%*
(0.0131) (0.0176) (0.0139)
familysize 0.1144*%% 0.1076***
(0.0067) (0.0069)
fs8 0.0022%%* 0.0018***
(0.0003) (0.0003)
car 0.1258*** 0.1123***
(0.0208) (0.0207)
urbanl8 0.0843*** 0.0752%**
(0.0198) (0.0197)
edu 0.0460***
(0.0082)

marriage Control Control Control Control
gender Control Control Control Control
party Control Control Control Control
province Control Control Control Control
_cons 6.3850%** 3.7346*** 3.4958*** 3.8710%**
(0.1031) (0.1890) (0.1923) (0.2042)

N 7,490 7,478 6,714 6,706

adj. R2 0.1361 0.2035 0.2847 0.2870

*, 4%, #* indicate significance at the 10%, 5%, and 1% levels, respectively.
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TABLE 6 Regression results according to number of houses owned.

Q) @)
InHousehold  InHousehold
InHousevalue 0.0933*%* 0.0093*
(0.0091) (0.0253)
InIncome 0.2048*** 0.1239%%*
(0.0150) (0.0361)
Household economic variables Control Control
Household characteristics variables Control Control
Household head characteristics variables Control Control
_cons 4.57340* 6.9111%*
(0.3170) (0.5108)
N 5,742 964
adj. R2 0.2972 0.1834

*, %, % indicate significance at the 10%, 5%, and 1% levels, respectively.

Similarly, Chen Keyao (Keyao, 2019) showed that the effect of
higher housing values on the consumption of households with
one house is relatively limited; the wealth effect is greater among
homeowners with multiple houses. We tested this, and the results
are shown in Table 6. As shown in column (1), households with
one house are more affected by the wealth effect of housing
uncashed; rising house prices increase the total assets of the

10.3389/fenvs.2023.1149089

household, creating a “monetary illusion” whereby the household
may perceive that they have become wealthier. As shown in
column (2), for households with multiple properties, property
has a stronger wealth effect with stronger investment goods
attributes and stronger “monetary illusions.” For households
with multiple properties, the possible reasons for rising
housing value showing a higher realized wealth effect on
HCEs are as follows: first, the sample size is small, and the
findings lack some explanatory power; second, for households
with high assets, household consumption has reached saturation,
and the promotion effect of rising house prices is weaker relative
to homeowners with one house; third, HCEs vary according to
consumption type—increased consumption among households
with high housing assets may relate to consumption types with
lower carbon emission intensity, thus contributing little to HCEs.

Next, the paper conducts an empirical analysis of the impact of
housing value increase on HCEs according to consumption type; the
results are shown in Table 7.

The empirical results show that house price increases have a
clear wealth effect, contributing to all types of HCEs. The wealth
effect is strongest on housing HCEs and weakest on healthcare
HCE:s. This is probably due to the fact that the healthcare carbon
emission coefficient is relatively small; Chinese households have
relatively little demand for healthcare at present; thus, the growth
of house prices has little impact on this type of consumption.
Furthermore, the consumption of health care-related items is not
strongly linked to overall consumption level; healthy households
may have almost no medical consumption expenditure. In
summary, the rise in house prices has a wealth effect on
almost all forms of consumption among homeowners.

TABLE 7 Regression results: Carbon emissions for each consumption type among homeowners.

(1) ()] (€)] (4) (7) (8)
Household Culture, Food Clothing Housing Healthcare  Transportation Other
goods and education, and and consumption
services entertainment communication
InHousevalue 0.1021%%* 0.0308 0.0742%%* 0.0861%** 0.1096*** 0.0440*%* 0.0557*%* 0.0789***
(0.0115) (0.0196) (0.0068) (0.0092) (0.0076) (0.0128) (0.0079) (0.0108)
Household Control Control Control Control Control Control Control Control
economic
variables
Household Control Control Control Control Control Control Control Control
characteristics
variables
Household head Control Control Control Control Control Control Control Control
characteristics
variables
_cons —0.5694** 1.5192** 2.6517%%* | —1.1488*** 4.8045%%* 3.3871%%* 1.2962%%* —4.3388***
(0.2483) (0.6168) (0.1407) (0.2995) (0.1906) (0.2943) (0.2061) (0.2563)
N 7,619 4,991 7,800 7,643 7,866 7,046 7,651 6,671
adj. R2 0.306 0.068 0.3733 0.339 0.291 0.0549 0.4003 0.3183

*, %, #** indicate significance at the 10%, 5%, and 1% levels, respectively.

Frontiers in Environmental Science

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1149089

Cong et al.

6.2 Analysis of baseline regression results for
non-homeowners

To investigate the extent to which non-homeowners’ HCEs are
affected by rising house prices, this study uses housing rent as the
explanatory variable. The results are presented in Table 8.

Table 8 shows the impact of rising house prices on non-
homeowners’ HCEs. Column (1) shows that rising rent significantly
contribute to HCEs; thus, rising house prices have a substitution effect
whereby savings are substituted for consumption. The coefficient of
housing rent is 0.44, which means that a 1% increase in housing rent
increases HCEs by 0.44%. This result may be explained by the following
factors: first, our sample of non-homeowners is small and
unrepresentative; second, consumption includes housing expenditure,
and renters thus have higher housing consumption than homeowners,
which, in turn, has a greater impact on HCEs; third, if house price
increases exceed the expectations of people planning to buy a home,
such households lose their ability to purchase housing and will use their
original savings for consumption; and fourth, among non-homeowners,
some young people want to pursue a high quality of life and will not
reduce their quality of life by saving with the intention of buying a
home. Columns (2), (3), and (4) denote the gradual addition of
economic, household characteristics, and household head control
variables to the separate regressions; house price increases still have
a substitution effect on HCEs through rent.

To further analyze the impact of rising house prices on HCEs,
they are further divided into eight consumption carbon emission
types and empirically analyzed. The results are presented in Table 9.

Table 9 shows that rising house prices increase HCEs for most
consumption categories among non-homeowners, except for
cultural, educational, and entertainment consumption and
healthcare consumption. The coefficient of the effect of rising
house prices (rent) on the carbon emissions of all other
consumption types is significantly positive at the 1% level,
proving that there is a substitution effect whereby savings are
converted to consumption; in the face of rising house prices,
renters will increase their housing expenditure and other forms
of consumption. The impact of house price changes on different
types of HCEs varies significantly. The impact is much higher on
housing HCEs, which is important given that excessive housing
leads to consumers not being able to afford to buy a house and using
their savings for other consumption instead; rising house prices have
a relatively weak substitution effect on food carbon emissions.

6.3 Analysis of the mechanism

Although the above empirical results demonstrate that rising
house prices positively contribute to HCEs through both housing
value and rent, it remains to be verified whether this effect is
transmitted through consumption. In this paper, we use a
mediating effect model to test the mechanism of action; the
model is constructed as follows:

InCon, = oy + B, InHousevalue, +y,X; + & (6)
InHousehold, = «; + f3; InHousevalue; + §InCon; + y,X; + & (7)
InCon, = &, + f, InHouserent, + y, X, + &, (8)
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TABLE 8 Baseline regressions for non-homeowners.

€) 4
InHouse  InHouse  InHousehold  InHousehold
hold hold
InHouserent 0.4425* 0.3366*** 0.3224*** 0.3171**
(0.0293) (0.0270) (0.0275) (0.0296)
InIncome 0.4519** 0.3540%** 0.3494¢
(0.0359) (0.0363) (0.0371)
familysize 0.0564*** 0.0633***
(0.0178) (0.0199)
fs8 0.0048*** 0.0041*
(0.0011) (0.0012)
car 0.5444*%* 0.5428%**
(0.0624) (0.0652)
urbanl8 0.0189 -0.0127
(0.0601) (0.0643)
edu 0.0925%**
(0.0293)
marriage Control Control Control Control
gender Control Control Control Control
party Control Control Control Control
province Control Control Control Control
N 1,118 1,116 1,022 991
adj. R2 0.2549 0.3927 0.4728 0.4736

*, %, indicate significance at the 10%, 5%, and 1% levels, respectively.

InHousehold, = «, + f3, In Houserent, + 8,InCon, +y, X, + &,

©)

where Con,, is the mediating variable, indicating household
consumption expenditure, and the rest of the variables are
consistent with Eqs. 4.4, 4.5, 4.6, 4.8 test whether the effects of
housing value and housing rent on the mediating variable are
significant. If the coefficients of f;,, and §),, in the regression results
of Eqs 4.7, 4.9 are both significant and have the same sign as expected
and the value of the coefficients f, decreases compared with the
coefficients f3; , it indicates the existence of partial mediating effects.
Rising house prices affect total household assets and housing
costs, changing consumption expectations both economically and
psychologically and thus affecting HCEs. The results from testing
the mediating role of household consumption in the effect of
housing value and rent on HCEs are presented in Table 10.
Columns (1) and (3) show that increases in both housing value
and housing rent increase household consumption after controlling
for the household characteristics and household head variables and
the provincial dummy variable, which is consistent with the findings
obtained by (Huang, 2013). The results in columns (2) and (4) show
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TABLE 9 Regression results: Carbon emissions for each consumption type among non-homeowners.

(1 (2) (€)] (4) (5) (6) (7) (8)
Household Culture, Food Clothing Housing Healthcare  Transportation Other
goods and education, and and consumption
services entertainment communication
InHouserent 0.1125%* 0.0817 0.0656%** 0.1624* 0.5680*** 0.067 0.1162%* 0.1224*
(0.0368) (0.0606) (0.0210) (0.0335) (0.0260) (0.0445) (0.0271) (0.0347)
Household Control Control Control Control Control Control Control Control
economic
variables
Household Control Control Control Control Control Control Control Control
characteristics
variables
Household head Control Control Control Control Control Control Control Control
characteristics
variables
_cons 0.4606 2.4043%¢ 3.8372%% 0.7569 41877+ -0.4784 3.0668*** —2.6682***
(0.5610) (0.8173) (0.3006) (0.6212) (0.2809) (0.8112) (0.4017) (0.5505)
N 849 719 869 858 680 760 877 785
adj. R2 0.2109 0.114 0.2362 0.1885 0.7439 0.1245 0.2918 0.2457

*, **, #** indicate significance at the 10%, 5%, and 1% levels, respectively.

that the household consumption variable is significant and the
coefficients of the effects of housing value and housing rent are
significantly reduced by its inclusion, indicating that it has a
significant mediating effect in the link between rising house
prices and HCE:s.

6.4 Robustness test

6.4.1 Substitution of explanatory variables

To ensure the robustness of the results, the explanatory variable
used to examine homeowners is replaced with net home equity
(equity), that is, the difference between the value of the house and
the total mortgage; HCEs are regressed on net home equity, and the
results are shown in column (1) of Table 11. The wealth effect of
house prices is still significantly reflected in HCEs.

The explanatory variable housing rent for non-homeowners is
changed to housing expenditure minus water, electricity, fuel,
property costs, and maintenance costs; this is adopted mainly
because of the relatively small sample size of non-homeowners.
There is not sufficient direct rent data to conduct the study;
however, there is sufficient data on housing expenditure such that
we are able to decompose housing expenditure to obtain indirect rent
data. The regression results are consistent with the previous results,
namely, that the increase in house prices has a substitution effect on
consumption and increases HCEs.

6.4.2 Instrumental variables method

Theoretically, an increase or decrease in other forms of
consumption may have an effect on real estate consumption and
thus on house prices (Hu (Die, 2010)); that is, there may be a two-
way causal relationship between HCEs and housing values and rent. In
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this study, the instrumental variables approach is used to address this
endogeneity issue. Drawing on the methods of Pan and Liu (Min and
Zhiqi, 2018) and Wan et al. (Haiyuan et al,, 2019), the average house
price in each province (Houseprice) is used as an instrumental variable
for housing value, and the house price (Rent) of the same community is
selected as the instrumental variable for housing rent, which is the
housing value divided by the housing area in the same community.

In terms of correlation and exogeneity, changes in average
provincial house prices affect housing values, and the impact of
rising house prices on consumption operates mainly through the
wealth effect and the phenomenon of housing slaves who compress
their spending to pay their mortgage (Yan and Zhu, 2013). In
general, there is two-way causality between housing rent and
housing values; higher rent constrains household budgets, which,
in turn, affects consumption. The instrumental variables affect the
value of housing assets as well as rent but do not have a direct effect
on HCEs, consistent with the relevant requirements of instrumental
variables. According to the weak instrumental variables test, the
Wald-F values for homeowners and non-homeowners are
1,091.928 and 39.179, respectively, which are greater than all
threshold values, rejecting the weak instrumental variables
hypothesis. The p-value is 0.0000 (under the threshold of
0.05); thus, the unidentifiable hypothesis is also rejected.
Columns (1) and (2) in Table 12 indicate the regression
results for the second stage of the instrumental variables for
homeowners and non-homeowners, respectively. With the use of
instrumental variables, the positive effect of house price increases
on HCE:s is significant at the 1% level; the result is similar to the
previous findings, indicating the robustness of our results.
However, the coefficient of housing rent is 1.11, which differs
significantly from the OLS results, probably due to the missing
values in the instrumental variable.
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TABLE 10 Mediating effect of household consumption.

10.3389/fenvs.2023.1149089

Homeowners Non-homeowners
(2) 4
InHousehold InHousehold
InHousevalue 0.0764** 0.0133**
(0.0059) (0.0052)
InHouserent 0.1944* 0.4188**
(0.0174) (0.0174)
InCon 0.7848*** 0.4467***
(0.0123) (0.0287)
Household economic variables Control Control Control Control
Household characteristics variables Control Control Control Control
Household head characteristics variables Control Control Control Control
_cons 6.7220%%% 0.2946*% 6.8020%% 1.5494**%
(0.0997) (0.1172) (0.2449) (0.2502)
N 6,002 4,761 689 450
adj. R2 0.4103 0.6016 0.4947 0.8570

* bk HbE
5

indicate significance at the 10%, 5%, and 1% levels, respectively.

TABLE 11 Regression results with different explanatory variables.

(1) )
InHousehold  InHousehold
Inequity 0.0770%%*
(0.0083)
Inrent 0.6033%%%
(0.0181)
Household economic variables Control Control
Household characteristics variables Control Control
Household head characteristics variables Control Control
_cons 4.9348% 2.2996***
(0.2689) (0.1893)
N 6,668 1,169
adj. R2 0.2872 0.8128

*, %, #** indicate significance at the 10%, 5%, and 1% levels, respectively.

6.5 Heterogeneity analysis

The previous analysis of the empirical results shows that there
is a boosting effect of rising house prices on HCEs. However, due
to the differences in various household characteristics, the impact
of housing prices on HCEs varies across households. Specifically,
regional differences in economic development levels lead to
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TABLE 12 Regression results: Instrumental variables.

(1) ()
InHousehold  InHousehold
InHouseprice 0.3372%*
(0.1189)
InRent 1.1069**%
(0.3520)
Household economic variables Control Control
Household characteristics variables Control Control
Household head characteristics variables Control Control
_cons 2.0252** 10.6208***
(0.8328) (1.4734)
Underidentification p-value 0.0000 0.0000
Wald-F 1,091.928 39.179
N 8,196 492
adj. R2 0.3381 0.1470

*, %, #** indicate significance at the 10%, 5%, and 1% levels, respectively.

differences in housing prices and their growth rates, which
have different effects on consumption and on HCEs; urban-
rural differences are reflected in various aspects such as

income disparity, type of residence, and consumption
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TABLE 13 Regression results under regional distribution differences.

10.3389/fenvs.2023.1149089

(1) @) 3) 4) ©) ()
InHousehold InHousehold InHousehold InHousehold InHousehold InHousehold
InHousevalue 0.0874*%* 0.0891*% 0.0553*%*
(0.0129) (0.0151) (0.0155)
InHouserent 0.0591** 0.1458** 0.1123**
(0.0270) (0.0354) (0.0499)
InIncome 0.1957%* 0.1985°* 0.1817*** 0.2250** 0.2163** 0.3892°**
(0.0228) (0.0217) (0.0268) (0.0458) (0.0795) (0.0812)
familysize 0.1121%* 0.0997°°* 0.1094*** 0.1149** 0.0942** 0.0963**
(0.0119) (0.0110) (0.0124) (0.0334) (0.0390) (0.0386)
fs8 0.0012** 0.0019* 0.0025*** -0.0025 0.0002 0.0043**
(0.0005) (0.0005) (0.0007) (0.0016) (0.0022) (0.0022)
car 0.0989** 0.1274°% 0.1005** -0.1790 0.0131 —0.1226
(0.0330) (0.0342) (0.0422) (0.1168) (0.1228) (0.1686)
urbanl8 0.10327** 0.0604* 0.0367 0.1949** 0.1399 -0.1215
(0.0314) (0.0323) (0.0399) (0.0807) (0.1102) (0.1544)
edu 0.03927** 0.0693* 0.0253 0.0683*** 0.0943** 0.0444
(0.0142) (0.0126) (0.0154) (0.0256) (0.0393) (0.0449)
marriage Control Control Control Control Control Control
gender Control Control Control Control Control Control
party Control Control Control Control Control Control
province Control Control Control Control Control Control
_cons 4.8006™** 4.6145°* 5.2875%*% 5.0870*** 3.7581%* 1.8889
(0.3305) (0.2489) (0.3002) (0.4960) (0.7281) (1.2547)
N 2,855 2048 1803 764 378 327
adj. R2 0.2858 0.3348 0.2398 0.1847 0.2667 0.2296

*, 4%, ¥ indicate significance at the 10%, 5%, and 1% levels, respectively. Note: From left to right are households with houses in the east, households with houses in the middle, households with
houses in the west, households without houses in the east, households without houses in the middle and households without houses in the west.

structure. The increase in housing prices is ultimately reflected in
HCEs due to urban-rural differences, and owner-occupied
housing HCEs are less than those of households who rent or
lease housing; the higher the housing price is, the higher the
income, and the better the social welfare is, the higher the HCEs.
In this study, based on scholars’ analysis of housing prices and
consumption, we further investigate the heterogeneity analysis of
housing prices and HCEs.

6.5.1 Regional distribution differences

China is an economy with uneven regional economic
development, and there are differences in HCEs from rising
house prices on household consumption in different regions due
to differences in geographic location, house price levels, economic
levels, and housing demand. This study utilizes data from
31 provinces, municipalities, and autonomous regions in China
as the sample and conducts a comparative study on the east and west
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regions, among which the sample of the eastern region includes
11 provinces, municipalities, and autonomous regions in Beijing,
Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian,
Shandong, Guangdong, and Hainan. The sample of the central
region includes eight provinces, municipalities, and autonomous
regions in Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei,
and Hunan. The sample in the western region includes 12 provinces,
cities, and autonomous regions, including Sichuan, Chongging,
Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia,
Xinjiang, Guangxi, and Inner Mongolia. The empirical results in
Tables 13 show that the increase in house prices significantly affects
HCE:s regardless of the region, but the values of elasticity coefficients
differ for households with and without housing. The regions, sorted
by the elasticity coefficient values of housing value for households
with housing assets from largest to smallest, are the central, the
eastern, and then the western, indicating that the central region has
the largest impact of house prices on HCEs, while the western region
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TABLE 14 Regression results under urban-rural differences.

(1) @) 3) (4)
InHouse  InHouse  InHousehold  InHousehold
hold hold
InHousevalue = 0.0822*** 0.0758%*
(0.0136) (0.0105)
InHouserent 0.4930** 0.5631***
(0.0226) (0.0438)
InIncome 0.1670** 0.2019*** 0.2101* 0.1290**
(0.0264) (0.0156) (0.0238) (0.0535)
familysize 0.0928** 0.1183** 0.0711°°* 0.0271
(0.0120) (0.0083) (0.0123) (0.0276)
fs8 0.0015** 0.0021*** 0.0012* 0.0056**
(0.0004) (0.0005) (0.0006) (0.0022)
car 0.0727** 0.1571%* 0.1729* 0.3092°*
(0.0298) (0.0288) (0.0370) (0.0859)
edu 0.0548* 0.0343** 0.0130 0.0136
(0.0122) (0.0114) (0.0118) (0.0231)
marriage Control Control Control Control
gender Control Control Control Control
party Control Control Control Control
province Control Control Control Control
_cons 5.2086** 52816 4.2357°* 4.1825%*
(0.3770) (0.1888) (0.2418) (0.4853)
N 2,771 3,935 746 209
adj. R2 0.2344 0.2850 0.7517 0.7208

*, **, #** indicate significance at the 10%, 5%, and 1% levels, respectively. Note: From left to

right are urban households with houses, rural households with houses, urban households
without houses and rural households without houses.

shows a weaker wealth effect. While there has been an overall
downward trend of consumption growth in the past few years,
there is a regional structural change in consumption, with the central
region experiencing a significant increase in house prices and a rise
in the national share of consumption The central region has seen a
significant increase in house prices and a rise in the national share of
consumption, which has realized a more significant contribution to
HCEs, while the western region has seen slow growth in house prices
due to economic development constraints and has not yet achieved a
structural upgrade in consumption in the region, so it has the least
contribution to household consumption carbon emissions. From the
perspective of homeless households, the central region again shows
the largest positive promoting effect, while the eastern region shows
the smallest substitution effect, indicating that the saving behavior in
the eastern region is higher than that in the western region, which
may be due to the higher level of economic development and more
population inflow in the east, where the demand drives the house
price increase and the housing consumption of renting households
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increases while cutting other consumption expenditures for home
purchase. In contrast, the western region’s house prices rise at a
slower pace, and households do not need to sacrifice other
consumption for the expectation of home purchase. This may be
related to the consumption habits in the eastern region.

6.5.2 Urban-rural differences

The income level of residents is the main influencing factor of
household consumption carbon emission. With the economic
prosperity of China, the disposable income of urban and rural
residents has increased, the income structure situation in China is
constantly changing, widening the gap between the rich and the
poor in urban and rural areas, and the income growth rate of low-
and middle-income individuals continues to decline compared to
that of high-income individuals. In addition, the unsound social
security system in rural areas makes it impossible to pay the high
medical expenses; thus, there are differences between urban and
rural residents’ consumption decisions in relation to rising house
prices. As shown in Table 14, rising house prices have a significant
impact on HCEs for both urban and rural households, but the
strength of the impact differs. In general, urban and rural
households with and without housing have opposite effects;
specifically, for households with home ownership, the increase
in house prices will have a wealth effect on HCEs. However, urban
households are more sensitive to housing price, likely because the
household housing assets increase the “wealthiness” of residents,
and residents will improve their consumption structure and
increase their consumption expenditures such as entertainment,
which will increase HCEs. Rural residents’ income gradually
increases, and they invest more in real estate, thus increasing
their consumption of housing as well as their development and
enjoyment expenditures such as transportation and
communication, which affect household consumption carbon

emissions.

7 Conclusion and policy
recommendations

7.1 Main conclusion

Based on a micro (household) perspective, this paper examined
the impact of rising house prices on the HCEs of different
households, with a view to understanding the varied impacts of
rising house prices on consumption. The main findings are outlined
below.

First, rising house prices contribute significantly to HCEs. When
the value of their home equity rises, homeowners’ household
consumption increases, driving the growth of carbon emissions;
similarly, rising rents contribute to HCEs. Second, regardless of
home ownership status, housing-related HCEs increase with rising
house prices. For homeowners, the greatest impact of rising house
prices relates to housing expenditure; there is also a large impact on
HCE:s relating to clothing, food, and household goods and services.
However, the impact on HCEs related to healthcare and culture,
education, and entertainment is small or non-significant. For
renters, rising house prices show a substitution effect, driving the
increase of HCEs. Although the increase of rental expenses will only
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directly affect emissions related to housing consumption, it also has
a catalytic effect on most forms of consumption-related HCEs. As is
the case among homeowners, the effect is smallest on cultural,
educational, and entertainment consumption (probably due to a
lower demand for hedonic consumption) and healthcare. Third,
rising house prices have different degrees of impact on different
types of households; the varied economic development and saving
habits of different regions are, to some extent, expressed in
consumption behavior. The wealth effect of rising house prices
on HCEs is the largest for homeowners in central China and the
smallest in western China; the substitution of savings for
consumption is largest among renters in central China and
smallest in eastern China. Among urban residents, the effect of
rising house prices on HCEs is greater for homeowners, while the
opposite is true among rural households: renters’ HCEs are more
affected by rising prices.

7.2 Policy recommendations

Based on our findings, the following policy recommendations
for energy saving and emission reduction are proposed, starting with
the real estate sector.

7.2.1 Stabilize real estate prices

Policymakers should aim to classify and control the real
estate market, ensuring its continuity and stability through
regulation. Housing speculation should be limited, and the tax
system related to real estate should be improved by, for example,
levying property tax during the holding period and levying
capital gains tax and inheritance tax on the exchange and
transfer of houses. The government should speed up the
construction of a housing system with multiple main bodies of
supply, multi-channels to secure housing transactions, and a
housing system that attaches as much importance to renting
as to buying a house and strengthen urban planning so that all
people have a home, thereby stabilizing housing prices in order to
avoid the increase in carbon emissions due to the excessive rise in
housing prices. The current economic situation has very serious
issues, and stabilizing house prices is important for stabilizing
growth, employment, and risk prevention. The interest rate of
commercial personal housing loans for first-time buyers should
be lowered for families looking to buy houses. This would require
strengthened coordination between the Ministry of Housing and
Construction, the People’s Bank, and other departments. This
would support local communities and vigorously promote efforts
to ensure the delivery of buildings, livelihoods, and stability.

7.2.2 Linking house prices to carbon prices

Carbon credits can be used as a policy tool to counteract
housing speculation. The total amount of carbon emissions from
the housing sector can be established from the perspective of
household housing consumption demand and distributed equally
to residents in each city, resulting in housing carbon emission
allowances for each resident in a city. The system of housing
carbon tickets would not only limit the carbon emissions of the
housing sector but would also limit the total supply and demand
of housing. This can play a linking role between the low carbon
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policy of carbon peaking and carbon neutrality and anti-housing
speculation policy.

7.2.3 Guiding residents’ consumption behavior

The government should increase publicity around energy
conservation and emission reduction, raise residents’ energy
awareness, and educate them about the importance of low-
carbon lifestyles and ways to reduce HCEs. The government
should improve laws and regulations around energy conservation
and emission reduction and promote the consumption of low-
energy products through economic incentive mechanisms. In
terms of consumption structure, we should develop emission
reduction measures for different consumption categories, avoid
extravagant consumption by families without reducing their
quality of life, and advocate green and low-carbon
consumption. This could be achieved by reducing carbon
emissions from food consumption, advocating “clean your
plate” campaign and reducing dining out, advocating green
travel, and promoting public transportation. Accordingly, the
government has already introduced policies to promote the
development of new energy vehicles to reduce carbon
emissions from transportation and communication; it has also
aimed to reduce carbon emissions from housing by replacing gas
with electricity.

7.2.4 Differentiate carbon emission policies
according to local conditions

Considering regional differences in, for example, economic
development and living habits, carbon emission assessment
systems need to be established separately according to regional
characteristics. This should involve developing personal carbon
footprint accounting standards and providing a scientific basis
for household carbon neutral actions based on HCE data. At the
production level, enterprises should be encouraged to develop
low-carbon products, implement a carbon labeling system, clarify
the carbon emissions of commodities, and provide financial
subsidies and tax benefits to enterprises that make clear efforts
to respond to the policy. As for planning in rural areas, energy
assistance should be extended, and the supply of electricity and
gas as well as transportation infrastructure should be improved.
In urban areas, the layout of supporting facilities in all areas of
the city should be improved. And industrial areas should be
moved out of the city. Furthermore, residential areas should be
centralized, public service areas should be expanded, the
construction of public facilities should be intensified, and
urban greening projects should be implemented.

7.3 Limitations and directions for future
research

In our study, due to the lack of specific and detailed data, the
measurement of carbon emissions from household consumption
the total
consumption, and only micro data from 2018 are selected for

only considers carbon emissions caused by
analysis, with a short data selection span and without considering
the impact of time-series changes. Although the existing results

are not perfect, they still have some referential value. This paper
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can provide a basis for further and better research in the future
and alert relevant professionals and policymakers to the
transmission relationship between rising house prices and
household consumption carbon emissions.
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