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Objective: This study investigates the nexus between household health expenditure, CO2 

emissions and environmental pollution in China. We analyzed the asymmetric dynamic 
relationship between CO2 emissions, environmental pollution and household health expen-
diture for the period 1990 to 2019 in China.
Methods: This study adopted nonlinear autoregressive distributed lag (NARDL) and Granger 
causality following the diagnostic test. Furthermore, we applied Dickey–Fuller (ADF), PP unit 
root tests, Zivot and Andrews test for structural breaks in our analysis. The NARDL is the most 
suitable econometric technique for estimations, especially if the asymmetric relationship exists 
among the variables. NARDL technique is capable to explore the dynamic relationship between 
CO2 emissions, environmental pollution and household health expenditure.
Results: The empirical results verify the asymmetric nexus between CO2 emissions, envir-
onmental pollution and household health expenditure in the context of China. The outcomes 
revealed that in the short run and long run positive shocks of CO2 emissions and environ-
mental pollution positively affecting health expenditure, while negative shocks reduce health 
spendings. The results also demonstrate bi-directional causality among household health 
spendings, CO2 emissions and environmental pollution.
Conclusion: Our results support many previous studies, documenting that CO2 emissions 
positively contribute to the amount of household health expenditure, confirming the asym-
metric relationship between CO2 emissions and household health expenditure. The results 
also confirm the statistically significant and asymmetrically positive relationship between 
environmental pollution and household health expenditure. This implies that Chinese resi-
dents have to bear more household health expenditure, in the case of more CO2 emissions 
and a greater amount of environmental pollution.
Keywords: CO2 emissions, environmental pollution, household health expenditure, China

Introduction
The last decade has witnessed more mortality and morbidity across the world, 
mainly caused by various sources of pollution.1 The excessive increase of biomass 
gasses ie, CO2, NO2, and environmental degradation on public health is the most 
debatable issue in the literature. Almost half of the world’s population as a whole, 
and in low-income countries still 95% of the population use firewood and biomass 
fuels for their energy needs, covering their cooking and heating, meanwhile the 
same is increasing in the third world and more developing countries.2 The use of 
biomass gasses and environmental degradation put pressure on the health care 
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system of the government in terms of health cost, and 
significantly affect the budget of households. Public poli-
cies in this regard, are important to protect public health as 
well as the ecosystem.1 Polluted air and biomass gasses as 
a source of energy consumption affect the environment 
and cause more diseases that adversely affect the health 
care spendings of the government as well as household.3 

Trade openness following the massive use of biomass 
gasses and hydro technology in the manufacturing units 
directly affect the environment, which resultantly affects 
human health that further adversely affects labor produc-
tivity. Biomass gasses lead to deteriorating the environ-
ment and put pressure on the health spendings of both 
households and the government. Population density is the 
key factor that affects the urban environment and has an 
important link with the urban ecological system. Due to 
huge number of residents in urban areas, inadequate water 
supplies, insufficient drainage system and scarcity of green 
areas have costed human health. In this regard, a special 
attempt must be given by the Chinese government to 
address this issue.4

China population was recorded as 1.37 billion in year 
2012. Fifty percent of residents live in rural regions. 
Despite going through the fast expansion era, there is 
a big gap in health facilitation and wealth distribution 
between rural and urban residencies. The unbalanced soci-
etal growth further intensified by a dualistic financial form 
at the consequences of individual comforts.5 However, as 
compared to urban residents, rural families have a scarcity 
of income, societal social welfare rights, and less access to 
essential services. The weaker socio-financial position and 
scarcity of public safety for rural families raise their pos-
sibility of dropping into a downhill cycle of “deprivation 
and illness”. Plenty of research indicated that individuals 
with poor financial circumstances are exposed and may be 
affected more due to the shortage of medical expenses.6 

However, the expansion of the New Rural Cooperative 
Medical Scheme (NCMS), by the Chinese Government is 
the initiative to disrupt the negative cycle of “deprivation 
and illness”. The NCMS, a society-based funding pro-
gram, plans to support rural people and provide them 
with their medical expenses.7 The World Health Report 
2000 highlighted the health scheme that involves indivi-
duals’ lives and businesses.8 The challenges to the well-
being protection scheme-built health treatment impartial 
and viable with effective use of funds. In many developing 
countries, the rising of health service is the prime goal. 
Improved entrance to healthcare permitting need to raise 

equity and attain effectiveness through a decrease of per- 
capita health care expenses.9 However, the under- 
consumption of health public facilities is still an ancient 
dilemma in the emerging countries.8

China is facing a serious domestic issue in terms of 
energy shortage, environmental pollution and reduction of 
carbon emission. In this regard, China has made several 
attempts to better comprehend these issues. Coping with 
this, Chinese government has made several announce-
ments for reducing emission intensity.10 China earlier set 
targets of reducing carbon emission up to 60% by 2020, 
from the current level in 2005.11 With fast economic 
development, the improvement in people’s incomes and 
consumption abilities may upsurge the level of household 
energy consumption. It is evident that after 2000, 
a noticeable annual increase in energy consumption by 
8.4% and carbon emission by 8.7% have been reported.12 

In view of these statistics, it is a complex question for the 
Chinese policy makers in term of formulating effective 
measures that could improve the living standards of their 
residents and also contribute to energy saving and emis-
sion reduction, which will facilitate and pave the way to 
a sustainable development that is the top front target for 
the government of China to address.10 The emission reduc-
tion would make environmental quality as human friendly. 
More carbon emission and environmental degradation has 
put in test both individuals and government to deal with 
the extra expenditure been incurred due to human health 
issues. A healthier society is a viable determinant of the 
country’s growth and prosperity. After 1960s, developing 
economies have seen a dramatic increase in urban popula-
tion and concentration. While at the same period they 
actively embraced globalization. Towards this end, most 
of the studies related to CO2 emissions focus on macro 
variables such as energy consumption, unemployment, 
GDP, economic development, and so on. However, there 
is a greater need for research using micro data of regions/ 
cities in China to compare more empirically the effects on 
health expenditure from both perspectives, citizens and 
government budget for health development. This will 
help in capturing the effect of economic transformation, 
for which the government has already introduced plans 
with urbanization health expenditure, demanded by 
regions or cities.

This paper contributes to the existing literature from 
the following aspects; firstly, the household health spend-
ing with CO2 emissions and environmental pollution in 
China has not been analyzed before. Therefore, in this 
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study, we explore the household health expenditure, CO2 

emissions and environmental pollution in China. Secondly, 
we use asymmetric ARDL approach for the analysis, 
which is the methodological contribution of this study in 
terms of these variables. Thirdly, we use both CO2 emis-
sions and environmental pollution in the model, which 
helps to understand the degree of association of CO2 

emissions and environmental pollution with health 
spending.

In recent years the effect of carbon dioxide emission on 
healthcare expenditure (HCE) has attracted the interest of 
many researchers. However, most of which have adopted 
traditional empirical methods, such as quantile regression 
(QR), to analyze the issue.13 There are only a few studies 
which provide the method to this field, especially using 
macro data. These studies found that carbon dioxide emis-
sion is, indeed, an important factor affecting healthcare 
expenditure in China,14 although its influence is not as 
great as the income variable. It was also revealed that the 
effect of carbon dioxide emission on HCE at a higher 
quantile was much smaller,13 which indicates that most 
people are not paying sufficient attention to the correlation 
between air pollution and healthcare. Therefore, the pri-
mary purpose of this study is to investigate the relationship 
between household health expenditure, CO2 emissions and 
environmental pollution in China.

Literature Review and Hypothesis 
Development
CO2 Emissions and Household Health 
Expenditures
The nexus between CO2 emissions and health expenditures 
have been tested in the empirical literature, using different 
cases and methodological tools, which provide diverse 
empirical outcomes. Bernstein, Alexis, Barnes, Bernstein, 
Nel, Peden, Diaz-Sanchez, Tarlo, Williams15 applied 
ARDL methodology, and argued that CO2 emissions pro-
mote a polluted environment, which directly affects human 
health and creates health concerns for the residents. 
Apergis, Jebli, Youssef16 using NARDL methodology 
recommended that the use of green energy in manufactur-
ing units to lower down the amount of CO2 emissions, 
which will reduce household health expenditure. 
Chaabouni, Saidi17 investigated the relationship among 
health expenditure and CO2 emissions for the case of 51 
regions from 1995 to 2013, by applying the GMM (gen-
eralized method of moments) for analysis and found that 

CO2 positively contributes to health expenditures for the 
individuals and reported a bidirectional causality between 
CO2 emissions and health expenditures. Similarly, Yahaya, 
Nor, Habibullah, Ghani, Noor18 asserted the nexus 
between CO2 emissions and health expenditures for 125 
emerging economies for the period 1995–2012, applying 
panel cointegration methodology, and found that CO2 

emissions are the main responsible factor for the higher 
health expenditure. In line with the same studies,19 also 
highlighted the relationship between CO2 emission and 
health expenditures. The study applied quantile regression 
across US states for the period 1996–2009 and observed in 
findings that CO2 emissions effect is much stronger at 
conditional distribution upper end of healthcare expendi-
ture. Likewise, Ghorashi, Alavi Rad,20 in their research 
using dynamic Simultaneous Equation Models for the case 
of Iran over the period 1972–2012, observed the causal 
nexus between CO2 emissions and health expenditure. 
However, Murthy, Ukpolo21 highlighted the factors affect-
ing average individual healthcare expenditure in the US 
using a cointegration test and reported that the income 
elasticity of healthcare expenditure is significantly differ-
ent from the analytical results obtained from cross- 
sectional data. Likewise, Chaabouni, Zghidi, Mbarek22 

have studied health expenditure, CO2 emissions and eco-
nomic growth causal relationship for a global panel of 51 
countries for the period 1995 to 2013, using dynamic 
Simultaneous Equation Models. Their study implemented 
empirical models for group of low-income level and found 
empirical evidence of bidirectional causality among eco-
nomic growth and CO2 emissions; and between economic 
growth and health expenditure for their global panel data, 
and observed unidirectional causality from health expen-
diture to CO2 emissions, except countries of low-income 
level. Recent studies show that with the development of 
economic growth in China has caused serious health pro-
blems and increased healthcare economic burdens. 
However, most of the studies used the traditional adopted 
empirical methods such as ordinary least squares (OLS) or 
quantile regression (QR), to investigate the issue.13,14 

However, earlier studies mostly focused on the CO2 emis-
sions effect on the expenditure of health.21,23 While this 
study contributes to the existing literature by investigating 
the causal relationship among CO2 emissions, and health 
expenditures. We establish the following hypothesis purely 
on the relationship established in the previous literature we 
discussed above.
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H1: There is a positive nexus between CO2 emissions and 
household health expenditure.

Presently, with the rapid economic development, China 
is facing environmental pollution, which adversely affects 
people health. Therefore, public health expenditure con-
tinuously increased while environment quality declined. 
Liu, Lu, Song, Lei, Hu, Lv, Zhou, Cao, Shi, Yang24 

explained the effect of environmental pollution on peo-
ple’s health-related expenditure by applying the general-
ized method of moments (GMM) methodology and used 
Chinese provinces’ data for the period 1998–2015. The 
results demonstrated that the medical expenses of Chinese 
people have been increased mainly due to environmental 
pollution. Similarly, Li, Li, Jiang, Duan, Ge, Zhang, Deng, 
Wang, Hao,25 and Zhang, Wang26 proclaimed that once air 
pollution and CO2 emission cross the upper level then it 
start affecting human health, which cause more health 
expenditure for the individuals. Likewise, Lu, Chen, Hao, 
Wang, Song, Mok27 argued that environmental pollution 
causes serious respiratory and heart diseases. In line to 
these findings, Chen, Shao, Tian, Xie, Yin,28 and Lu, 
Chen, Hao, Wang, Song, Mok27 also confirmed the nega-
tive effect of the environmental pollution on human health 
and financial burden on individuals. Extending the same, 
Li, Tan, Wang, Zhang, Lao, Wong, Feng29 argued that 
pollution directly affects the immune system of the indi-
vidual which is costly for the government as well as 
individuals. Likewise, Guan, Zheng, Chung, Zhong30 

documented that both water and air pollution cause illness. 
Similarly,27,31 and Chen, Shao, Tian, Xie, Yin28 high-
lighted that environmental pollution is the most dangerous 
factor in influencing the health of the people. Besides, the 
amount of CO2 emissions and health expenditures budget 
of the individuals have been significantly increased in the 
last two decades.26,32 Likewise,2,33 and Ebenstein34 

reported that the health of the people is affected by envir-
onmental pollution. Likewise, Xu, Evans, Kawabata, 
Zeramdini, Klavus, Murray,35 and Haskell, Lee, Pate, 
Powell, Blair, Franklin, Macera, Heath, Thompson, 
Bauman36 investigated that people’s health level is deter-
mined by medical expenditure. While some variables of 
socioeconomic such as public facility and level of educa-
tion also affect directly the medical expenses of the people 
which influence the status of the health of the people.37–39 

Similarly, Neidell33 investigated that Carbon monoxide 
has verified statistically significant impact on asthma in 
children in the age of 1 to 18 years, and the same 

resultantly affect people’s medical care expenditure. 
Likewise, Narayan, Narayan40 documented using OECD 
date and argued that short-run revenue and carbon mon-
oxide emissions have statistically significant and positive 
effect on health expenditures, however, in the long run 
high sulfur also causes an increase in health expenditure. 
Several other studies verified and reported that there is an 
association between people health and medical expendi-
ture. For instance, by using data for the period 1999–2004 
for 47 African countries’ Anyanwu, Erhijakpor,41 found 
that the individual’s health expenditure has a negative and 
statistically significant effect on the mortality rate of the 
newborn children. We develop the following hypothesis 
based on the empirical relationship.

H2: There is a positive nexus between environmental 
pollution and household health expenditure.

The nexus between CO2 emissions and environmental 
pollution has also been witnessed in the literature. 
According to Aunan, Berntsen, Myhre, Rypdal, Streets, 
Woo, Smith,42 China’s environment is highlighted all over 
the world. Here we explain that China has the ability up to 
some extent to recover the water and air quality for their 
urban residents at the local level. Presently, CO2 emissions 
in China continuously growing, but in the future, its growth 
seems to be slow. In many studies, it has been reported that 
China has significantly set up regulations for the improve-
ment of the environment. According to State of 
Environment Report of 1998 states, which shows 
a continuous progress to control industrial pollution and 
a larger observed improvement in urban environment. 
China also the world’s biggest possibly source of CO2 

emissions.12,43–45 In 2007, the CO2 emissions of China 
were 14% higher than U.S reported by Netherlands 
Environmental Assessment Agency.46 El Arafy47 explained 
that the growth of CO2 emission in the environment is 
recognized as a key contributor to the Global Warming 
Problem caused by this Green House Gas. Likewise, Lee, 
Brahmasrene48 explained the effect of carbon dioxide in 
European union by using the data from 1988 to 2009, and 
the outcomes of the panel-cointegration method as well as 
fixed effect model show a long-run relationship exists 
between these two. China is producing higher air pollution 
and greenhouse gas emissions. To solve the environmental 
problem many researchers have discussed effective ways to 
deal with this phenomenon. In this regard, Yang, Chen, 
Ulgiati49 defined the association of the reduction of CO2 
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emissions for the quality of the air in Beijing, which gives 
new idea on framing neutral and real strategies for lessening 
the air pollution and the reduction of CO2 emission.

Stylized Facts of China
Figure 1 shows the environmental pollution and household 
health expenditure relationship for China. The figure 
clearly pictures, a similar increasing trend for both envir-
onmental pollution and household health expenditure over 
the period of time. In the year 2016, and onward house-
hold health expenditure has been drastically dropped, 
while environmental pollution showing flat demonstration 

after 2016. The significant downward trend in household 
health expenditure is due to the measures taken by the 
Chinese government in the health care system and other 
penetrative measures, to counter water and wastage pollu-
tion. These initiatives regarding the environment have 
lower down the respiratory and other heart problems 
being faced by the residents which resultantly reduce the 
burden of expenditures incurred by households. Figure 2 
shows the trend of CO2 emissions and household health 
expenditure for the Chinese economy. To this context, the 
increasing trend can be witnessed for both CO2 emissions 
and household health expenditure. Like the nexus of 

Figure 1 Environmental pollution and household health expenditures.

Figure 2 CO2 emissions and household health expenditure.
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environmental pollution and household health expenditure, 
the relationship between CO2 emissions and household 
health expenditure is seen having same pattern from 
2016 and onward. As mentioned earlier in Figure 1, the 
Chinese government initiated structural reforms and 
improvements in its public health care system by initiating 
quality measures to counter the growing trend of CO2 

emissions through renewable energy options in the indus-
trial units and special SOPs for manufacturing concerns in 
regards to their production. These preventative measures 
for emission reduction have worked in reducing the emis-
sion of biomass gasses, which resultantly featured the 
wellbeing, standard of living and health of the residents 
and the same has helped in curtailing the out of pocket 
health expenditure of the residents.

Figure 3 exhibits the dynamic relationship between 
environmental pollution and CO2 emissions. As discussed 
earlier in Figure 2, both have shown increasing trend with 
household health expenditure and the same increasing 
trend can be seen in this figure. Since 1990 up to 2016, 
the up-surging trend in both environmental pollution and 
CO2 emissions is seen, mainly due to the trade liberal-
ization and establishments of industrial zones and sectors 
in China and a heavy influx of FDI. This has caused 
environmental degradation. But due to the recent reforms 
made by the Chinese government has successfully worked 
to curb the growing flow and pattern of environmental 
pollution and CO2 emissions, due to which the wellbeing 
and living standard of the residents have been improved 
significantly in term of per capita income and health index.

Methodology
Data Source, Sampling Method and 
Variables
We collect the data from the fourth National Health 
Service Survey (NHSS, 2008). WHO (Current health 
expenditure by financing schemes), and WDI, for the 
period 1990 to 2019. CO2 emissions are measured as 
metric tons per capita, while environmental pollution is 
measured as the combined index of both water pollution 
and wastage pollution. These units are taken by the pre-
vious researcher such as,50–52 and household health 
expenditure (HHHEx) is measured as the household out- 
of-pocket payment which in past studies has been simi-
larly used.53,54

Models, and Econometric Techniques
This research is based on the asymmetric relationship 
between CO2 emissions, environmental pollution, and 
household health expenditure in China using the NARDL 
model. Annual data series for the period 1990–2019 have 
been used to calculate the relationship and predict results. 
For empirical evaluation, we recommend the following:

ln HHHExt ¼ f ln CO2t; ln EPtð Þ (1) 

Below Equation is of linear form (1)

ln HHHExt ¼ β0 þ β1ln CO2 þ β2lnEPþ μt (2) 

Where CO2 is Carbon dioxide emissions
E.P is used for environmental pollution
HHHE is used for household health expenditure.

Figure 3 Environmental pollution and CO2 emissions.
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The long-term association between two or more vari-
ables is determined by using the Auto regressive distrib-
uted lag (ARDL) technique, error correction model,55 and 
Granger causality according to econometric methodology. 
These models consider the asymmetrical type of relation-
ship among the variables. Alternatively, linear correlation 
between variables is estimated over linear models of 
regression, which fail to capture the nonlinear behavior 
of the variables. Since in our case the house health expen-
diture and Co2 have a dynamic trend, therefore, it essential 
to use a nonlinear methodology for analysis. In light of the 
recent non-linear complexity of the variables, Shin, Yu, 
Greenwood-Nimmo56 expanded the Auto regressive dis-
tributed lag (ARDL) structure of Pesaran, Shin, Smith57 

and Pesaran, Shin, Smith58 asymmetric ARDL with coin-
tegration approach was used. This method can catch short- 
term instabilities and structural breaks (asymmetries). We 
examine the asymmetric impact of CO2 and environmental 
pollution on household health expenditures.

The actual long-term asymmetric equation of house-
hold health expenditures follows as:

HHHExt ¼ α0 þ α1CO2
þ
t þ α2CO2�t þ α3EPþt þ α4EP�t þ εt

(3) 

Where HHHEx indicate household health expenditure, 
CO2 is Carbon Dioxide Emissions, EP symbolizes envir-
onmental pollution, and a = (α0; α1; α2; α3; α4) is a co- 
integrating matrix to be assessed. In Equation (3), CO2

þ
t , 

CO2
�
t , EPþt and EP�t are fractional sums of negative and 

positive changes of CO2 emissions, environmental pollu-
tion, respectively in household health expenditures. Now 
we split the coefficients into negative and positive in order 
to present the asymmetric behavior of the variables as 
follows

CO2
þ
t ¼ ∑

t

i¼1
ΔCO2

þ
t

¼ ∑
t

i¼1
max ΔCO2 i;0

� �
. . . . . . . . . :Error! Book mark not defined:

CO2 t
� ¼ ∑t

i¼1ΔCO2 t
� ¼ ∑t

i¼1min ΔCO2i;0
� �

(5) 

EPþt ¼ ∑
t

i¼1
ΔEPþt ¼ ∑

t

i¼1
max ΔEPi; 0ð Þ (6) 

EPt
� ¼ ∑

t

i¼1
ΔEPt

� ¼ ∑
t

i¼1
min ΔEPi; 0ð Þ (7) 

Following Eq (2), developed by Shin, Yu, Greenwood- 
Nimmo,56 in the asymmetric ARDL system.

ΔHHHEx ¼ β0 þ β1HHHExt� 1 þ β2CO2
þ
t� 1 þ β3CO2

�
t� 1

þ β4EPþt� 1 þ β5EP�t� 1 þ∑m
i¼1δ1iΔHHHExt� 1

þ∑n
i¼0δ2iΔCO2

þ
t� 1 þ∑μ

i¼0δ3iΔCO2
�
t� 1

þ∑μ
i¼0δ4iΔEPþt� 1 þ∑μ

i¼0δ5iΔEP�t� 1þui

(8) 

In Equation (8) we represented m, n, p, q, and r as lags 
orders. But, β1, β2, β3, β4 and β5 represent the long-term 
positive and negative shock effects of CO2 emissions and 
environmental pollution on household health 

expenditures. ∑
n

i¼0
δ2i, ∑

ρ

i¼0
δ3i, ∑

q

i¼0
δ4i and ∑

r

i¼0
δ5i measured 

the short-term consequences of both positive and negative 
effects of CO2 emissions and environmental pollution on 
household health expenditures, correspondingly. In this 
analysis, the nonlinear long-term relationship is captured 
by using NARDL method. The asymmetric ARDL model 
takings subsequent steps. Firstly, through augmented 
Dickey–Fuller (ADF) and Phillips– Perron (PP) unit root 
tests the stationarity of all variables is tested. For the 
ARDL method, stationary inspection is not compulsory, 
when all the variables are strictly stationary at 1(0), or 
1(1), or a combination of 1(1) or (0), we can employ the 
ARDL model. While there is some constraint in the model 
because the ARDL model cannot continue in the existence 
of 1(2) series.59 Therefore, for avoiding ambiguity in 
results we first check the stationarity of variables. In 
the second stage, Equation (8) is assessed by OLS. 
Additionally, we trailed the SIC information criterion and 
the general-to-specific method as followed by.60 In the 
third stage, co-integration is tested using the bound test 
to validate whether co-integration exists or not.

After the co-integration is endorsed then we use the 
asymmetric ARDL model. The asymmetric cumulative 
vibrant multiplier effects of one percent change are 
extracted in this step

CO2
þ
t� 1;CO2�t� 1;EPþt� 1;EP�t� 1; correspondingly, as

Sþh þ Co2ð Þ ¼ ∑
h

j¼0

@HHHExtþ1

@CO2
þ
t� 1

(9) 

S�h þ Co2ð Þ ¼ ∑
h

j¼0

@HHHExtþ1

@CO2
�
t� 1

(10) 

Sþh EPð Þ ¼ ∑
h

j¼0

@HHHExtþ1

@EPþt� 1
(11) 
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S�h EPð Þ ¼ ∑
h

j¼0

@HHHExtþ1

@EP�t� 1
(12) 

Empirical Results and Strategy
Table 1 presents the descriptive statistics of the variables, 
while the essential condition for implementing the ARDL 
bound testing techniques is that at 1(2) as explained in 
Table 2, that it provides less restriction on the order of 
integration and we can use mix order of integration. 
Likewise, Ouattara,61 the outcome of ARDL will be unac-
ceptable if any of the I (2) of any variable is incurred in the 
model. Hence, it is important to define the stationarity of the 
data. That is why, we used augmented Dickey–Fuller 
(ADF), and PP unit root tests, and the findings of both 
tests are shown in Table 2. The unit root test results indi-
cated that household health expenditures, CO2 emissions, 
and environmental pollution are not stationary at level and 
all of them come to be stationary at the first difference. 
Additionally, we used Zivot, Andrews62 unit root testing 
procedure which deems structural breaks as stated by 
Perron,63 that the basic augmented Dickey–Fuller unit 
root test gives false results in structural breaks to refute 
the unit root’s null hypothesis. Studying the problem of 
structural splits, using the unit root test of Zivot, 
Andrews,62 we also observed that none of the variables is 
stationary at 1(2) (See Table 3). Therefore, it is verified that 
we can use ARDL bounds testing methodology as none of 
the series are stationary at 1(2) or over. Bahmani-Oskooee, 
Bohl64 argued that long-term relations vary on optimum 
lags. Stock and,65 also validated that applying many lags 
or utilizing less lags can avoid the most vital information of 
the model or trigger a worthless assessment. Hence, con-
templating the significance of optimal lags, we employed 
only two lags as optimal resulting SIC information criteria. 
Table 4 describes bounds test outcomes in the nonlinear 

statements. The computed F-statistic value is greater than 
the upper bounds critical value at 5% level, which verifies 
asymmetrical co-integration. We should, therefore, lead to 
asymmetric ARDL formation. We projected Eq. (8) by 
utilizing the general-to specific methodology utilizing 
p=q=2 as optimal lags length. Shin, Yu, Greenwood- 
Nimmo,56 in their ground breaking research also adopted 
this approach to meet the final description of the asym-
metric ARDL model. According to the general to 
a specific method, we dropped all the insignificant lagged 
regressors. Katrakilidis, Trachanas60 indicated that the 
removal of insignificant lagged regressors is required as 
the insignificant lagged regressors may generate noise in 
dynamic multipliers. We also test other primary regression 
problem, such as the normality of residuals for which we 
applied the Jarque–Bera method, the serial correlation has 
been checked through Breusch–Godfrey LM serial correla-
tion test, heteroskedasticity has been tested through 
Breusch–Pagan–Godfrey test, and model stability with 
CUSUM and CUSUMSQ. The results of all tests listed 
are shown in Table 7. We have noticed that the model 
does not suffer from any of the problems, so we can move 
towards a realistic NARDL approach. It is also originating 
that structural breaks happened dramatically in 2008, and 
have had a long-term negative effect on the economy, this 
structural break can be attributed to the 2008 global finan-
cial crunch that has adversely impacted the world economy. 

Table 1 Descriptive Statistics

ln HHHEx ln CO2 ln Ep

Mean 1.372 16.506 4.148

Median 1.502 16.465 5.121
Maximum 2.095 17.3 6.166

Minimum −0.175 15.755 1.387

Std. Dev. 0.646 0.486 1.717
Skewness −1.226 0.199 −0.377

Kurtosis 3.711 1.817 1.505

Jarque-bera 5.426 1.299 2.335
Probability 0.067 0.523 0.312

Table 3 Zivot and Andrews (1992) Unit Root Test

Unit Root at Level 0(1) Unit Root at First Difference 1(1)

Variables t-statistics t-statistics
ln HHHEx −0.974 −5.052*

ln CO2 −0.611 −6.404*

ln EP −1.987*** −6.504*

Note: *Refers to the level of significance at 1%, while *** refers to level of 
significance at 10%.

Table 2 ADF and PP Unit Root Tests

Test ln HHHEx ln CO2 ln EP

ADF (Augmented Dickey– 
Fuller test

I(0 −2.239 −2.624 −0.920

I(I) −2.783** −4.747** −2.448**

PP (Phillips–Perron test)

I(0 −0.536 0.172 −2.448
I(I) −4.312** −4.595** −4.691**

Note: **Refers to level of implication at 5%.
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The NARDL assessment findings are shown in Table 5. The 
research examines the long-term asymmetric relationship 
amongst CO2 emissions, environmental pollution, and 
household health expenditure in the context of China. 
Table 6 contains the results of long run asymmetric 
relationship.

The estimated variables long-term asymmetric associa-
tion have been witnessed, as CO2 emissions and household 
health expenditures are correlated asymmetrically in the 
long run. It is noticed, because of the positive shock in 
CO2 emissions, the household health expenditures grow by 
0.52%, while due to the negative shock in the CO2 emis-
sions household health expenditures grow by 35%. 
Nevertheless, the sign of each coefficient is the same in 
size, but different direction which indicates the major 
asymmetric effect of CO2 emissions on household health 
expenditures. There are different studies that suggest 
a positive association between CO2 emissions and house-
hold health expenditures. CO2 emissions affect human 
health, it increases government expenditures, decreases in 
household saving etc. which ultimately positively affect 
the economy of any country.66,67 The main cause of asym-
metric behavior of household health expenditures due to 

positive and negative changes in CO2 emissions is that 
when CO2 emissions increase in a country, their household 
health expenditures also tend to increase, while the reduc-
tion in CO2 emissions reduces household health expendi-
tures. However, the positive change in CO2 emissions has 
a bigger impact than failure. Moreover, it has been found 
that environmental pollution has an asymmetric effect on 
household health expenditures. Subsequently, ensuing 
a negative shock account for the household health expen-
ditures at a rate of 0.14%, whereas positive shock in 
environment pollution, the HHHEx accounts for 0.24% 
change. A significant difference in HHHEx is evident 
from the results is an answer to -ive and +ive variations 
in environmental pollution that is clear from the outcomes. 
Asymmetries can be found in the form of effect size as 
well as in the sign of coefficients. Several researchers 
verified results like.68,69 Compared with negative shock/ 
decline in environmental emission, the amount of evi-
dence-based and rational explanations for these associa-
tions that increased environmental pollution has a greater 
impact on household health expenditures. When environ-
mental pollution increases, it directly affects human health 
which results in lungs infection and heart attacks and other 

Table 5 Dynamic Estimation of NARDL Results

Variables Coefficient Std. Error t-Statistic pi tbcolw 5pcProb.

C 2.171 0.703 3.089 0.006

ln HHHEx (−1) −0.849 0.135 −6.295 0.001

ln CO2_NEG 0.445 0.066 6.833 0.001
ln CO2_POS 0.301 0.065 4.668 0.001

ln EP_NEG (−1) 0.120 0.071 1.690 0.098

ln EP_POS (−1) −0.204 0.076 −2.683 0.011
Dummy −0.206 0.101 −2.045 0.062

DlnCO2_NEG (−1) −1.048 0.516 −2.034 0.054

DlnCO2_POS (−2) 0.563 0.081 7.017 0.001
DlnEP _NEG (−1) 0.045 0.023 2.020 0.051

DlnEP _POS (−2) 0.563 0.081 7.017 0.001

Note: _NEG & _POS refers to partial sums of positive and negative changes.

Table 4 Bounds Test Results in Nonlinear Specification

Model F-Statistic Upper Bound Lower Bound

ln HHHEx/(ln CO2_POS, ln CO2_NEG, ln EP_POS, ln EP_NEG) 12.718

Critical values

10% 4.464 1.736
5% 5.434 2.231

2.5% 6.401 2.741

Notes: The joint null hypothesis of no cointegration is ρ ¼ θþ ¼ θ� ¼ 0: The critical values are based on Narayan,77 small sample size.
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health concerns for the residents. Farming and breathing 
toxic air in polluted environmental pollution raises the risk 
of cancer. Air pollution devastating the immune system.70 

Environmental pollution disturbs the people’s lives and 
prosperity, and it raises the risk for foreign investors.71,72

A number of diagnostic tests were carried out prior to 
the final implementation of this asymmetric ARDL model. 
The results of those tests are recorded in Table 7. The X2 

(P-value) of LM and Breusch– Pagan–Godfrey tests are 
0.373 and 0.672, correspondingly, which demonstrate that 
our model is free from serial correlation and heteroscedas-
ticity. Furthermore, the Jarque–Bera test also confirmed 
residuals normality. The value reported (eg 0.647) of 
Ramsey RESET is also statistically insignificant, which 
describes that our model is defined correctly. The variance 
inflation factor (VIF) value is 3.424 which is less than 5, 
and it illustrates that our model has no multicollinearity 
problem. Additionally, we consider that our model is 
stable and all coefficients provide reliable results (See 
Table 7).73,74

Robustness Test
For further confirmation of the baseline NARDL model 
estimates, we applied Granger Causality test.75 Table 8 
displays the findings of Granger Causality and we found 
a bidirectional causality between CO2 emissions, environ-
mental pollution and household health expenditure as the 
F-statistics are significant in both cases for the relation-
ships of each pairs.

Conclusion
As a result of China’s economic growth, air pollution, 
including carbon dioxide (CO2) emission, has caused ser-
ious health problems and accompanying heavy economic 
burdens on healthcare.14 This study contributes to the 
existing literature by finding the asymmetric nexus 
between CO2 emissions, environmental pollution and 
household health expenditure in the context of China. 
This study is a novel attempt in the area of environment 
and health. The inclusion of household health expenditure 
has been found touch missing in terms of the relationship 
with CO2 emissions and environmental pollution. We pre-
fer Non-liner methodology by using NARDL to find the 
asymmetric dynamic nexus between CO2 emissions, envir-
onmental pollution and household health expenditure. Our 
results support many previous studies, documenting that 
CO2 emissions positively contribute to the amount of 
household health expenditure, confirming the asymmetric 
relationship between CO2 emissions and household health 
expenditure. The results also confirm the statistically sig-
nificant and asymmetrically positive relationship between 
environmental pollution and household health expenditure. 
The result findings are in parallel with Bernstein, Alexis, 
Barnes, Bernstein, Nel, Peden, Diaz-Sanchez, Tarlo, 
Williams15 applied ARDL methodology, and argued that 
CO2 emissions promote a polluted environment, which 
directly affects human health and creates health concerns 
for the residents. Moreover, our results demonstrate that 

Table 6 Long-Run Asymmetric Relationship

Variables Coefficient Std. Error t-Statistic

ln CO2_NEG 0.525 0.095 5.581
ln CO2_POS 0.355 0.041 8.195

ln EP_POS 0.141 0.053 2.712

ln EP_NEG −0.241 0.077 −3.160

Table 7 Diagnostic Review

Diagnostic Tests Problem X2 (P-value) Decision

LM Serial correlation 0.373 No serial correlation exists

Jarque–Bera Normality 0.344 Residuals are normal distributed
Breusch Pagan Godfrey Heteroscedasticity 0.672 No heteroscedasticity exists

Ramsey RESET test Model specification 0.647 Model is correctly specified

VIF Multicollinearity 3.424 No multicollinearity exists
CUSUM Stability - Model is stable

CUSUMSQ Stability - Model is stable

Table 8 Granger Causality Test

Null Hypothesis F-Statistic Prob.

CO2 does not Granger Cause HHHEx 11.512 0.000
HHHEx does not Granger Cause CO2 5.615 0.037

EP does not Granger Cause HHHEx 12.277 0.000

HHHEx does not Granger Cause EP 6.410 0.029
CO2 does not Granger Cause EP 10.145 0.000

EP does not Granger Cause CO2 11.221 0.000
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CO2 emissions and environmental pollution both posi-
tively contribute to the individual household health expen-
diture, implying that Chinese residents have to bear more 
household health expenditure, in case of more CO2 emis-
sions and a greater amount of environmental pollution.

This study contributed to the existing knowledge by 
further highlighting the importance of globally acknowl-
edged consequences of CO2 emissions on heath well-being 
in society. However, in developing economies the possible 
interlinks between population urbanization and health 
expenses increase have been ignored in the present litera-
ture, especially in the context of low-income residencies. 
This piece of research focuses on the health problems faced 
by low-income residency people who struggle with their 
health increasing expenses, due to the environmental pollu-
tion and greater CO2 emissions caused by industrialization 
activities.76 Thus, greater concerns arise for the stakeholders 
to focus on bringing equilibrium in certain situations.

Based on the results, we establish policy implications 
that would be handy for societal development and growth 
of the country. Firstly, we argue that the concentration of 
population urbanization in developing economies has 
linkage with health expenditure and trade activities. 
There is a need for special attention on the part of the 
government and other interested stakeholders, to center 
around their health development policy to the needs of 
older persons with disabilities, women, and children. Our 
study points out the valuable direction of financial invest-
ments which aims to provide public services and goods. 
Finally, for sustainable health development, consider all 
the possible ways to promote sustainable economic 
growth and orderly population urbanization which 
improves the well-being of the society. Secondly, the 
government of China should lower down the use of 
hydro machines in their production units and should set 
standard procedures for those industries contributing to 
the greater amount of CO2 emissions to curb this phe-
nomenon, as it directly affects resident’s health, well-
being and financial structure in the country. Thirdly, the 
government of China should promulgate special legisla-
tion through National People’s Congress to counter and 
control urbanization, air pollution, municipal waste water 
and mine waste, this effort will lower down the volume 
of environmental pollution. Fourth, Chania’s government 
should identify and control pollution sources through 
central monitoring stations, which will co-operate with 
local environmental protection organizations to overcome 
these issues well in time. Fifth, the government should 

frame an adequate, supportive and robust public health 
system to facilitate the wellbeing of the people both in 
rural and urban territories.

Future studies should include more health-related 
variables with urbanization related focus to capture clo-
sely the urbanization policies implemented by the gov-
ernment to examine its effect on the health expenditure 
of low-income residents. Likewise, future studies can 
also be conducted by using comparative cases if two 
or more countries with somehow similar population, 
health systems and trade behavior are used. Moreover, 
country legislation and statutory framework as 
a moderator in the relationship of these variables will 
also provide a new insight to the researchers. In addi-
tion, the regional comparison would also be a novel 
attempt in the existing body of literature.
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