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Abstract

In this paper, we use (Yilanci et al. 2020) Fourier autoregressive distributed lag (ARDL) model to study the correlation
between health expenditures, CO, emissions, and GDP fluctuations in BRICS countries from 2000 to 2019. The Fourier
ARDL model has the function of bootstrap repeated simulation calculations, so that small samples can also achieve the
advantages of finer inspection results. In this paper, we find that in the long term, Brazil and China are countries that both
have cointegration relationships in health expenditure, CO, emissions, and economic growth. With CO, emissions as the
dependent variable and health expenditure and economic growth as independent variables, in the short term, there is a nega-
tive causal relationship between India’s CO, emissions and health expenditure; other countries only show the relationship
between CO, emissions, health expenditure, or economic growth one-way relationship. This paper also has some policy
suggestions on health expenditures and CO, emissions in the BRICS countries at the end.
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Introduction

In 2020, COVID-19 epidemic swept the world suddenly,
accompanied by large-scale shutdowns around the world,
leading to the interruption of domestic and foreign trade,
reduced investment, and low consumption. The global
economy is in a deep recession. Although governments have
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adopted large-scale fiscal stimulus policies, the actual effect
is still highly uncertain. During the epidemic, how the global
economy finds new growth drivers is particularly important.
There is no doubt that in terms of economic growth poten-
tial, the BRICS, as representatives of developing countries,
deserve more attention than developed countries. Accord-
ing to estimates from the International Monetary Fund’s
October 2020 World Economic Outlook Report, from 2021
to 2022, among the BRICS countries, China’s economic
growth is forecast to be 8.1 and 5.6%, respectively; India
will be 11.5% and 6.8%, respectively; Russia will be 3.0%
and 3.9%, respectively; South Africa will be 2.8% and 1.4%,
respectively; and Brazil will be 3.6% and 2.6%, respectively.
In the same period, the forecast growth rates of advanced
economies are only 4.3% and 3.1%.!

However, restricted by their own endowments, the eco-
nomic development model of the BRICS countries is char-
acterized by high pollution and high energy consumption,

! Data Source from International Monetary Fund, World Eco-
nomic Outlook, website address: https://www.imf.org/ external/
datamapper/NGDP_RPCH@WEO/CHN/BRA/IND/RUS/ZAF/
ADVEC?year=2021.
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such as large-scale investment in traditional energy
sources and excessive development of mineral resources.
The direct consequence of this model is that it has brought
about an increase in carbon emissions and increased envi-
ronmental pollution, thereby restricting economic growth.
According to the “BP Statistical Yearbook of World
Energy (2020),” among the BRICS countries, China cur-
rently has the highest carbon emissions in the world. The
total carbon emissions of China in 2020 accounted for
28.8% of the total global emissions; India accounted for
7.3% and is the third highest in the world. The carbon
emissions of Russia, Brazil, and South Africa are 4.5%,
1.3%, and 1.4%, respectively. In 2020, the total carbon
emissions of the BRICS countries accounted for 43.3% of
the total global carbon emissions (see Fig. 1).2

In addition, with the increase in life expectancy, the
impact of medical and health expenditure on economic
growth cannot be ignored. According to statistics from
the World Health Organization, in 2018, the average life
expectancy in China, Brazil, and Russia was 76.4, 76.8, and
72.7 years, respectively; the average life expectancy in India
and South Africa was 68.8 and 63.6 years. The average age
of the population of the BRICS countries is 71.2 years old
(see Fig. 2).3

Due to the needs of economic development, the total
amount of carbon dioxide emissions is still increasing day
by day, posing many threats to the health of the residents of
the BRICS countries. Considering the inevitability of the
current economic development of the BRICS countries and
the necessity of fossil energy demand, the CO, emissions

2 Data source from British Petroleum (bp) website address: https://
www.bp.com/content/ dam/bp/businesssites/en/  global/corporate/
pdfs/energy-economics/statistical-review/bp-stats-review-2020-co2-
emissions.pdf.

3 WHO, World Health Statistics—Monitoring Health for the Sustain-
able Development Goals (SDGs): https://apps.who.int/iris/bitstream/
handle/10665/272596/9789241565585-eng.pdf.
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of the BRICS countries may remain high, which will have
a series of negative effects on the environment and climate.
At the same time, it will also have a considerable impact on
medical and health expenditure.

However, from some existing research results, due to a
series of complex factors such as economic development
level, population aging, medical and health supply resources,
and years of education, it is still controversial whether CO,
emissions will promote population aging and the impact
of medical expenditure. The greenhouse effect caused by
CO, emissions and other greenhouse gases will also cause
certain changes in the climate, which in turn will have a
negative impact on human health. Compared with the 1880s,
the Earth’s surface temperature has risen by an average of
1.5 °C.* Scientists believe that the rise in the surface temper-
ature is of earth due to the increase of CO, and endothermic
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Fig.2 The average life expectancy of the BRICS countries in 2018

4 The Intergovernmental Panel on Climate Change (IPCC) is the
United Nations body for assessing the science related to climate
change. See: Reports, Global Warming of 1.5 °C, October, 2018.
https://www.ipcc.ch/sr15/
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gases such as methane, nitrous oxide and fluorinated gases.
Scientists generally believe that if certain measures are not
taken to control the emission of endothermic gases such as
CO,, the content of CO, in the air will reach 0.1% by the
beginning of the twenty-second century, twice as much as
before the industrial revolution. Therefore, corresponding
measures should be taken to control CO, emission, reduce
its direct and indirect effects, and avoid certain damage to
human health (such as household air pollution causes non-
communicable diseases including stroke, ischemic heart
disease, chronic obstructive pulmonary disease, and lung
cancer’).

Based on previous studies, this paper uses the Fourier
autoregressive distributed lag (ARDL) model to explore
the relationship between CO, emissions, health expendi-
tures and economic growth in the BRICS countries. The
Fourier ARDL model considers both long-term and short-
term effects. It can test whether the three variables have a
cointegration relationship in the long-term and whether there
is Granger causality in the short-term. Fourier ARDL model
(Yilanci et al., 2020) in addition to retaining the advantages
of McNown et al. (2018) bootstrap ARDL model with small
sample verification, it can be more subtle with number of
decimal (smooth break) representation instead of integer
number (sharp break).

The topic of this paper is relatively novel. There are
many academic literatures in the field of medical and
health expenditure, and a lot of analysis on the influencing
factors of health (medical and health) expenditure has also
been done. However, there are relatively few empirical
studies on the impact of CO, emissions (air pollution) on
healthcare expenditures, especially for the BRICS coun-
tries. This paper mainly uses the health expenditure data
from 2000 to 2018 in the World Bank database. The Fou-
rier ARDL model, because its Fourier bootstrap ARDL
model is suitable for small samples, can solve the problem
of insufficient validity of the test results, and it is also the
main contribution to the empirical results in the model
method used in this paper. The shortcoming of this paper
is that only health expenditure is used as an indicator of
medical and healthcare. In future study, other indicators
related to health and medical care should be added as vari-
ables and in this way can the empirical results of carbon
dioxide emissions, health expenditures, and economic
growth be explained more reasonably.

5 World Health Organization (WHO), Newsroom, Household air
pollution and health, 2021, Sep. 22. See: https:// www.who.int/news-
room/fact-sheets/detail/household-air-pollution- and-health.
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Literature review

The theory of factors affecting economic growth has been
discussed by scholars from a long time ago. Generally
speaking, the economic growth refers to the continuous
increase of material products and services produced by a
country or region. It means the expansion of economic scale
and production capacity, which can reflect the growth of a
country or region’s economic strength. Economic growth
also means the expansion and improvement of many fac-
tors that determine productivity. The growth of productivity
mainly depends on a country’s natural resource endowment,
the accumulation of material capital and the improvement
of quality, the accumulation of human capital, the improve-
ment of the institutional environment, and the improve-
ment of technological level. The mode of economic growth
can be attributed to two types of expanded reproduction,
namely, connotative expanded reproduction and extensional
expanded reproduction. The expansion of reproduction is
mainly through increasing the input of production factors
to achieve the expansion of production scale and economic
growth. The expansion of the connotation of reproduction
is mainly to use technological progress and scientific man-
agement to improve the quality and efficiency of production
factors, and to realize the expansion of production scale and
the improvement of production level.

The core purpose of the theory of economic growth is to
find the most fundamental and important factor that deter-
mines economic growth. The earliest economic growth mod-
els are well-known economic growth models in development
economics proposed by Harrod (1939) and Domar (1947),
respectively. Based on Keynesian theory, appeared shortly
after the great crisis of 1929-1931, but it was not the “ortho-
dox” theory of economic growth theory, because the model
concluded that “economic growth is unstable.” The eco-
nomic growth theory of Harrod-Domar model is the long-
term and dynamic result of Keynes’s short-term static analy-
sis. The model assumes that the whole society produces only
one product, which can be used for both consumption and
production; there are only two factors of production: labor
and capital, the ratio of the two is fixed; the return to scale
is unchanged, that is, the unit product cost does not change
with changes in production scale; there is no technologi-
cal advancement. Harrod-Domar model economic growth
theory attributes the fundamental factor that determines eco-
nomic growth to savings, because if a country’s economic
growth mainly depends on capital accumulation, then capital
accumulation will experience diminishing returns, and even-
tually growth will stagnate and capital accumulation will
exist. At an optimal level, if a society’s savings rate is too
high, it will lead to the phenomenon of “economic dynamic
failure” and reduce people’s long-term happiness. Hahn and
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Matthews (1964) used Harrod’s (1939) economic growth
theory model as a starting point to investigate the literature
that contributed to economic growth theory in the 25 years
from 1939 to 1963. After extensive research on economic
growth theoretical models, they believe that the motivation
of economic growth subjects needs to be analyzed in a sub-
stantive and deterministic way; at the same time, they con-
sider the concept of the entire world as an underdeveloped
economy, even in advanced sectors. The evolution of the
country may not be properly understood separately from the
underdeveloped sector.

Among the economic growth models, the Solow-Swan
(1956) model can be said to be the basis of the modern eco-
nomic growth theoretical model, and it has built the research
framework of the modern growth theory. Economic growth
theory is to study the long-term development behavior of
economic growth. Another concept of long-term economic
development is stability. Solow (1956) believed that if there
are some phenomena in economic growth, such as (1) per
capita real output grows at a consistent rate; (2) real capital
stock grows at a roughly constant rate, and at this rate exceed
the growth rate of labor input; (3) the growth rate of actual
output and the growth rate of capital stock are roughly the
same; (4) the effective demand changes sharply, occasionally
causing strong changes, and the profit rate of capital shows
level trends and other phenomena indicate that the economy
is roughly on the path of economic growth. Solow (1970)
also believed that the modern economic growth theory was
used to analyze the characteristics of a stable state and was
used to investigate whether an economy that was not initially
in a stable state could enter a stable state under a specific
law of motion. The Ramsey-Cass-Koopmans model inte-
grated the optimal choices of consumers into the model to
achieve the endogenous savings rate and the endogenous
growth model with externalities or human capital, through
the comparison of the Solow-Swan model. The basic ele-
ments can be reinterpreted to extend the Solow-Swan model;
the endogenous technological progress model discusses how
to give Solow the rate of technological progress in the Solow
hope model a reasonable economic explanation; the lifetime
population and labor supply model, discuss this is how to
give a reasonable economic explanation for the population
growth rate in the Solow-Swan model. Economists gener-
ally refer to the study of the Solow-Swan model and its fol-
lowers as exogenous growth economics. Cass (1965) and
Koopmans (1965) introduced the theme of Ramsey (1928) to
internalize the savings rate after the separable utility frame-
work, so as to prevent the inefficiency of dynamic accumula-
tion that may occur in the original Solow-Swan model and
maintain the conclusion of conditional convergence in the
Solow-Swan model.

Arrow (1962) described how companies have learned
how to produce more efficiently in the process of continuous

investment. Romer (1986) followed the concept of Arrow
(1962) to construct the first endogenous growth model.
Uzawa (1964) constructed a two-sector endogenous growth
model, which is roughly divided into two categories: techno-
logical progress with increasing product quantity and tech-
nological progress with product quality improvement. Lucas
(1988) explained the reasons for technological progress from
the perspective of human capital, thinking that the rate of
change of human capital represents the rate of technological
progress. Human capital promotes technological progress
to increase the rate of return of capital and accelerate eco-
nomic growth. Becker et al. (1990), Rosenzweig (1990), and
Ehrlich and Lui (1991) discussed the impact of labor sup-
ply capacity and capital investment on economic growth.
Aghion and Howitt (1992) proposed a set of endogenous
technological innovation models based on R&D. They
emphasized three common propositions: first, technologi-
cal innovation is the core and source of economic growth;
second, technological innovation is endogenous, and is the
result of R&D efforts that stem from entrepreneurs’ profit
maximization; third, innovation. The product is inherently
different from other economic products; once it is created,
it can be copied continuously without cost. The proposal of
this model provides a reasonable explanation for the two
empirical facts of global economic growth—the continuous
positive and non-decreasing growth of long-term per capita
income in many countries and the difference in transnational
per capita income. Braun (1993) divides the research work
of population growth rate or labor supply endogenous into
two aspects: population migration and endogenous selection
of fertility, and endogenous selection of fertility follow the
research work of Becker and Barro (1989).

Rao and Cooray (2008) studied three East Asian coun-
tries (Singapore, Malaysia, and Thailand) with high growth
rates. The data period were from 1970 to 2004 and found
that the economic growth effect of the medium and short-
term investment rate was much higher than the long-term
effect. Barro (2016) studied China’s economic growth rate
from data on economic development in emerging countries.
He believes that China is a successful case of integration of
middle-income countries, but China cannot always deviate
from the global historical experience. The per capita growth
rate is likely to drop from about 8 to 3-4% yearly. Saccone
(2017) studied the main determinants of rapid economic
growth in 38 emerging economies from 2000 to 2014. He
found that the increase in investment growth rate and the
increase in human capital are closely related to the decline in
the age dependency ratio. Twinoburyo et al. (2018) believe
that although monetary policy and economic growth are
generally ambiguous, monetary policy is important for both
short- and long-term growth. In this paper, we focus on
the relationship between carbon dioxide emissions, health
expenditures and economic growth in the BRICS countries.

@ Springer
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CO, emissions and economic growth

Since the economic growth model of developing countries
consumes a lot of energy, promoting economic growth
will also bring about changes in carbon dioxide emissions.
Therefore, most scholars study the relationship between
carbon dioxide emissions and economic growth in develop-
ing countries. Different scholars use different econometric
models to study the relationship between energy consump-
tion, carbon dioxide emissions and economic growth, and
come to two different conclusions: positive correlation and
negative correlation.

When the country uses traditional energy, some schol-
ars have found that economic growth will increase CO,
emissions. Adebayo and Akinsola (2021) analyzed the
time-series data from 1971 to 2018 and used the wavelet
coherence method to study the relationship between energy
consumption, CO, emissions, and economic growth in Thai-
land. The results showed that changes in economic growth
led to changes in the frequency of carbon dioxide emissions.
In addition, both short-term and long-term CO, emissions
are positively correlated with GDP growth. Kong (2021)
used the asymmetric ARDL model and data from 1985 to
2019 to analyze the impact of China’s financial develop-
ment, energy consumption, foreign direct investment, and
economic growth on carbon dioxide emissions. The results
show that actual GDP has a significant positive impact on
CO, emissions. Kongkuah et al. (2021a) used Paris-Win-
sten regression to estimate a panel-corrected standard error
model and studied the relationship between energy con-
sumption, carbon dioxide emissions, and economic growth
in the OECD and “Belt and Road” initiative countries. The
study found that the Organization for Economic Cooper-
ation while the economic growth rate is higher than that
of the “Belt and Road” countries, CO, emissions is also
higher. Regmi and Rehman (2021) used the ARDL method
time series data with cointegration test from 1971 to 2019
to reveal the impact of CO, emissions on Nepal’s energy
use, energy consumption, fossil fuels, population growth,
and economic progress impact. In the long-term analysis,
fossil fuel energy consumption and energy utilization will
also have an impact on CO, emissions. The short-term anal-
ysis results showed that there is a production relationship
between fossil fuel energy consumption, energy utilization,
and CO, emissions. Granger causality test results verify the
one-way connection between variables. Huong et al. (2021)
used the Kaya identity and decomposition method to ana-
lyze the relationship between various factors that produced
CO, and economic growth in Vietnam from 1990 to 2016,
and found that the increase in Vietnam’s industrialization
level promoted economic growth at the cost of consuming a
large amount of fossil fuels will lead to an increase in CO,

@ Springer

emissions. Oztiirk and Suluk (2020) used the Generalized
Moment Method (GMM) and panel data of G7 countries
from 1991 to 2014 to study the relationship between CO,
emissions, energy consumption and economic growth, and
found that there is an inverse relationship between CO,
emissions and economic growth causal relationship. Ahmad
et al. (2020a) used the GMM method to study the dynamic
interaction between sustainable investment, air pollution,
and sustainable development in the panel data model of 27
provinces and cities in China from 1996 to 2017. At the
national, provincial and municipal levels of the Chinese
economy, sustainable development and air pollution are
absolutely interdependent. Li et al. (2021) used the STIR-
PAT model to conduct an empirical test on panel data from
30 provinces in China from 2011 to 2017 to explore the
impact of energy structure and digital economy on carbon
dioxide emissions. The results show that the increase in the
energy structure of non-resource-based provinces dominated
by coal has a greater impact on the carbon dioxide emis-
sions of resource-based provinces. The coal-based energy
structure has a significant driving effect on carbon dioxide
emissions. Mongo et al. (2021) used 15 European countries
ARDL model and 23 years of data to analyze the impact
of per capita GDP, environmental innovation, renewable
energy consumption, and economic openness on carbon
dioxide emissions, and the results show that in the short
term, environmental innovation investment tends to increase
carbon dioxide emissions due to the induced rebound effect.
However, in the long term, investing in green technologies
tends to reduce carbon dioxide emissions.

Chen and Lee (2020) found that when the country uses
technological innovation and uses clean energy, economic
growth will also reduce CO, emissions. Ahmad et al.
(2020b) use the data of 28 provinces in China from 1998
to 2016 to explore the heterogeneous influence of FDI and
income on the development level of China’s carbon dioxide
emissions. Among them, they found that using fossil fuels
is cheaper than using renewable energy. Provinces aiming to
achieve rapid economic growth continue to use fossil fuels,
which hinders clean production. Yang et al. (2021a), using
the ARDL method and data from 1995 to 2014, analyzed 24
economies in China’s Silk Road Economic Belt (SREB) and
studied capital formation, renewable energy and CO, emis-
sions, and the relationship between economic growth. Their
research found that the use of clean energy can significantly
reduce carbon dioxide emissions and promote economic
growth. Isik et al. (2020) used panel bootstrap cointegration
to examine the impact of the increase in renewable energy
consumption and international tourism income in G7 coun-
tries from 1995 to 2015 on CO, emissions. The results show
that the increase in renewable energy consumption affects
France, Italy, and the UK. And the US carbon dioxide emis-
sions have a negative impact. Alvarado et al. (2020) explored
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whether economic development and human capital would
reduce the consumption of non-renewable energy. They
studied the 1980-2015 data of 27 OECD member countries
and found that economic development did not reduce the
energy consumption of fossil sources. Alvarado et al. (2021)
used quantile regression to analyze the ecological footprint
and environmental degradation in Latin America. The study
found that the impact of natural resource rents and economic
complexity on the distribution of the entire ecological foot-
print is heterogeneous. They also found that the use of quan-
tile regression methods is suitable for the analysis of envi-
ronmental degradation in countries that are highly dependent
on natural resource rents and income inequality. Ahmad
et al. (2021a) studied the short-term and long-term hetero-
geneous links between urban concentration, non-renewable
energy use intensity, environmental emission index, and eco-
nomic development in 31 provinces and regions in China.
The data period is from 2004 to 2017. They found that there
is a one-way positive correlation between the intensity of
non-renewable energy use and the environmental emission
index, and there is a two-way positive correlation between
the short-term and long-term urban concentration of cross-
regional development levels and economic development.
Karim et al. (2021) used quantile regression model and data
from the period from 2013 to 2019, covering UK FTSE
All-share non-financial firms, and the results showed that
capital expenditure and internal governance disclosed car-
bon emissions in all quantiles all have positive effects. Lu
et al. (2021) used Bayesian quantile regression and panel
threshold regression as well as data from 30 provinces in
China from 2007 to 2017 to test the linear and non-linear
effects of environmental regulations on health expenditures.
The empirical research results show that there is significant
heterogeneity in the impact of environmental regulations
on health expenditures. Environmental regulations for the
median health expenditure are negatively correlated with
health expenditure. Zangoei et al. (2021) used the seemingly
uncorrelated regression (SUR) of 14 developing countries
from 1986 to 2016 to study the relationship between foreign
investment, alternative energy consumption, and economic
growth. They found that alternative energy promoted the
economy. While increasing, it will reduce CO, emissions.
Ahmad et al. (2020c) studied the heterogeneous causality
between urbanization, power consumption intensity, water-
based pollutant emissions, and GRP in 29 provinces in
China from 1999 to 2018. They used the CCEMGA model
to estimate and found that there is a unidirectional positive
causal relationship between urbanization and the intensity
of electricity consumption and the growth of water-based
pollutant emissions.

In the process of urbanization in developing countries,
transportation infrastructure will be constructed and popu-
lation migration will occur. While these behaviors promote

economic growth, they will also affect CO, emissions. Some
scholars have carried out research based on this and found
that in the process of urbanization, economic growth will
increase CO, emissions. Theonu et al. (2021) used panel
quantile regression analysis to study the impact of Sub-
Saharan Africa (SSA) countries, economic growth, interna-
tional trade and urbanization on CO, emissions. Their study
found that these regions are in the process of urbanization,
and GDP growth has promoted CO, emissions. Kongkuah
et al. (2021b) tested the dynamic relationship between the
EKC hypothesis and China’s ecological economic variables,
and the results showed that economic growth, energy con-
sumption, and trade significantly increased carbon dioxide
emissions. In the long term, urbanization has significantly
reduced the pollution caused by carbon dioxide emissions.
Hossein et al. (2021) studied the relationship between Iran’s
taxation, private sector investment and other economic indi-
cators related to economic growth, the process of urbani-
zation, and CO, emissions, using the Bayesian causal map
(BCM) analysis method to analyze the relationship between
1980-2018 analysis of the data of the year found that in the
process of urbanization in Iran, different economic indica-
tors have different effects on CO, emissions, but they will all
lead to an increase in CO, emissions. Adamu et al. (2020)
used dynamic ordinary least squares (DOLS) and ARDL
boundary test cointegration methods as robustness tests to
analyze the relationship between Nigeria’s CO, transport
and economic growth, urbanization, and rural population
from 1971 to 2018. The results of the study show that the
process of rural population migration to cities, economic
growth has also resulted in a substantial increase in CO,.
Munir and Ameer (2021) used the “Stochastic Influence
by Regression on Population, Affluence, and Technology”
(STIRPAT) model to analyze the relationship between
urbanization, economic growth, technological progress,
trade liberalization, and environmental pollution in emerg-
ing economies in Asia and Africa from 1975 to 2018. Their
research found that economic growth has increased CO,
emissions. Ahmad et al. (2021b) used the modified “Sto-
chastic Influence by Regression on Population, Affluence,
and Technology” (STIRPAT) econometrical method to study
the relationship between the inward foreign direct invest-
ment (IFDI) and overall carbon emissions in 27 provinces in
China and the data period is from 1999 to 2017. As a result
of the research, the link between IFDI and overall carbon
emissions is an inverted “U” shape. Zhang and Zhang (2021)
used data from 2000 to 2018 and the panel vector autore-
gressive model estimated by GMM to analyze the relation-
ship between China’s transportation infrastructure, income
inequality, carbon dioxide emissions, and economic growth.
Their study found that different infrastructures promote eco-
nomic growth, but increase CO, emissions.
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In addition to the causality test, some scholars have also
tested the symmetry relationship between CO, and economic
growth and have reached different conclusions. Ghazouani
(2021) used NARDL and ARDL bounds test and time-series
data from 1972 to 2016 to study the impact of Tunisian
crude oil prices, FDI inflows, and economic growth on CO,
emissions. Their study found that there is a two-way sym-
metric relationship between economic growth and carbon
dioxide emissions. Namahoro et al. (2021) used panel data
from 1980 to 2016, using nonlinear autoregressive distribu-
tion lag (NARDL) and causality tests, to study the popula-
tion growth of seven East African countries (EACs) at the
regional and national levels and the relationship between
economic growth, carbon dioxide, and energy consumption.
Their research found that there is an asymmetric relation-
ship between economic growth and CO, emissions in dif-
ferent countries. Yang et al. (2021b) use the panel data of
the Organization for Economic Cooperation and Develop-
ment (OECD) from 1971 to 2016 to study the long-term
impact of economic globalization and population aging on
CO, emissions. The results show that economic globaliza-
tion and population aging have reduced long-term carbon
dioxide emissions. Xiangyu et al. (2021) used the quantile
autoregressive lagged (QARDL) approach to study the non-
linear effects of US energy consumption, economic growth,
and the number of tourists on CO, emissions. The results
show that there is an asymmetry between short-term eco-
nomic growth and CO,. Cheikh et al. (2021) implemented
a regime-switching model, that is, under the framework of
nonlinear panel smooth transition regression (PSTR), they
studied the relationship between energy consumption and
economic growth in the Middle East and North African
(MENA) and found that economic growth has significant
effects asymmetry impact on CO, emissions.

CO, emissions and health expenditure

The amount of CO, emissions will affect the health of resi-
dents, which will change health expenditures. Some schol-
ars have conducted research on this. Although they have
used different methods, most of them have come to a similar
conclusion that the increase in CO, emissions will increase
medical expenditures. Samah et al. (2020) used the dynamic
panel data system GMM estimation model to study the rela-
tionship between health expenditures and CO, emissions in
Malaysia under the impact of COVID-19. Studies have found
that the increase in health expenditures will increase CO,
emissions. Giindiiz (2020) used the hidden cointegration
approach to analyze the impact of the US carbon footprint
on health expenditures. The study used time-series data from
1970 to 2016. The results showed that the long-term car-
bon footprint and health expenditures have a cointegration
relationship. Moreover, an increase in the carbon footprint
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will increase the health expenditure budget. Oyelade et al.
(2020) used Panel quantile regression to study the impact
of CO, emissions and public health expenditures in Anglo-
phone Countries in West Africa from 1990 to 2013, and
found that the increase in CO, will increase public health
expenditures. Taghizadeh-Hesary and Taghizadeh-Hesary
(2020) used panel vector error correction model (VECM)
and panel generalized moment method (GMM) to analyze
the data of ten Southeast Asian countries from 2000 to 2016,
and studied the relationship between energy use and health
expenditure. The study found that the increase in CO, emis-
sions brought about by the use of fossil fuels will cause an
increase in per capita health expenditure, while the use of
renewable energy will reduce per capita health expenditure.
Travassos et al. (2020) discussed the impact of Brazilian
diet on carbon, water and ecological footprint from the per-
spective of dietary environmental impact and sustainable
diet. They used independent t test and ANOVA test, and the
study found that the diet of Brazilian adults and the asso-
ciated environmental impact are very large. In particular,
beef consumption accounts for the largest share. Akbar et al.
(2021) used a panel VAR model to analyze the relationship
between health expenditure, carbon dioxide emissions and
the human development index (HDI) in 33 OECD coun-
tries from 2006 to 2016, and found that there is a two-way
causal relationship between health expenditure and carbon
emissions, which shows that carbon dioxide emissions sig-
nificantly increase health expenditures. Apergis et al. (2020)
studied the long-term dynamic relationship between environ-
mental pollution and health care expenditures in four global
income groups. They used data from 178 countries from
1995 to 2017. The study found that for every 1% increase in
CO, emissions, health expenditures would increase by 2.5%.

However, some scholars have reached different con-
clusions. Eckelman et al. (2020) studied the relationship
between greenhouse gas emissions from energy consump-
tion in various states in the USA and public health expendi-
tures. The study found that there is no obvious relationship
between CO, emissions and public expenditures. Erdogan
(2020) used a panel causality test to analyze the relation-
ship between CO, emissions and medical expenses in the
Brazil, Russia, India, China, South Africa, and Turkey
(BRICS) countries from 2000 to 2016. The results show
that only China there is a one-way positive causal relation-
ship between health expenditures and CO, emissions. In
other selected countries, this relationship has not yet been
discovered.

Health expenditure and economic growth
Some scholars have found that there is a direct effect

between economic growth and health expenditure. Schol-
ars have used different measurement methods to analyze
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different countries or regions and have reached a similar
conclusion, that is, there is a positive correlation between
economic growth and health expenditure. Modibbo and
Saidu (2020) used data from 2000 to 2017 and the gener-
alized method of moments to study the impact of health
expenditure on economic growth in 45 African countries.
The study shows that average health expenditure has a pos-
itive and significant impact on economic growth in Africa.
Rizvi (2019) used the sample data from 20 developing
countries in South Asia, East Asia and the Pacific region
from 1995 to 2017, established the production function
based on the standard neoclassical “slow growth model”
in steady state, and studied the relationship between insti-
tutional quality, health expenditure and economic growth.
Ahmad et al. (2021c) analyzed the dynamic and interactive
causality among urban agglomerations, carbon emissions,
and the economic performance of health expenditures in
China’s development gap. The study found that health
expenditure growth and carbon emissions growth and
GDP growth have a two-way positive causal relationship.
The research results showed that the impact of develop-
ment differences is different. If health expenditure adjusted
by the quality of government expenditure increases by
100%, the economic growth rate will be Increase by 5%.
Ibukun and Osinubi (2020) used static (aggregating OLS
and fixed/random effects) and dynamic (GMM) estima-
tion methods to study the relationship between health
expenditure, environmental quality and economic growth
in 47 African countries. The study found that economic
growth has an effect on health expenditure has a positive
and significant impact. Gok et al. (2018) studied the rela-
tionship between health expenditure efficiency and eco-
nomic growth in the emerging economies of the BRICS
and Mexico, Indonesia, South Korea and Turkey (MIST)
countries from 2008 to 2012 the study found that eco-
nomic growth can significantly improve the efficiency of
health expenditures. Atems (2019) used a dynamic panel
data model to study the relationship between public health
expenditure and economic growth in various states in the
United States from 1963 to 2015. The study found that
there was a positive correlation between public health
expenditure and growth.

Other scholars have found that there is not only an indi-
rect effect, but also an indirect effect or structural effect
between health expenditure and economic growth. Yang
(2019) used a panel threshold model and panel data from
21 developing countries from 2000 to 2016 to analyze the
relationship between economic growth and national health
expenditure under different levels of human capital. The
results showed that the relationship between economic
growth and health expenditure related to human capital.
Specifically, when the level of human capital is low, eco-
nomic growth and medical expenditure are significantly

negatively correlated. When human capital is at a medium
level, the impact of health expenditure on economic
growth is positive, but not significant. When the level
of human capital is high, the positive impact of health
expenditure on the economy will be greatly enhanced.
Somé et al. (2019) used 2000-2015 data from 48 Afri-
can countries in the panel data regression framework to
conduct an empirical study on the relationship between
economic growth, the medical industry and health expen-
ditures in Africa. Their study found that health expenditure
has a direct and indirect significant impact on economic
growth, but overall health expenditures always promote
economic growth.

There is little research literature on the relationship
between CO, emissions, health expenditure, and economic
growth. Wang et al. (2019a) used data from 1995 to 2017,
and the autoregressive distributed lag (ARDL) model to
study the dynamic relationship between Pakistan’s carbon
dioxide emissions, health expenditure and economic growth
under the condition of gross fixed capital formation and per
capita trade. The results show that there is a long-term causal
relationship between health expenditure, CO, emissions and
economic growth in Pakistan. There are two-way Granger
causality between health expenditure and carbon dioxide
emissions, health expenditure, and economic growth. There
is a short-term one-way causal relationship between carbon
dioxide emissions and health-related expenditure. Wang
et al. (2019b) used annual time series data from 1975 to
2017 and applied the autoregressive distributed lag (ARDL)
cointegration model to study the medical expenditure and
CO, emissions of 18 Organization for Economic Coopera-
tion and Development (OECD) countries Whether there is
a long-term relationship between quantity and per capita
income per capita GDP. Their research found that when
real per capita GDP is used as the dependent variable, the
Netherlands has a cointegration relationship; when health
expenditure is the dependent variable, New Zealand has a
cointegration relationship; when carbon dioxide emissions
are the dependent variable, the United States has a cointe-
gration relationship. The main results indicate that there is a
short-term relationship between these three variables. Spe-
cifically, there is a two-way causal relationship between GDP
growth and medical expenditures in the USA and Germany.
There is a causal relationship between GDP growth and CO,
emissions in Canada, Germany, and the USA, and there is a
causal relationship between carbon dioxide emissions and
health expenditures in Norway and New Zealand causal rela-
tionship. Wang et al. (2020) used the Bootstrap ARDL to
test the relationship between China’s health expenditure and
carbon dioxide emissions in the context of economic growth.
The results show that long-term carbon dioxide emissions
and health expenditures have a very significant impact on
China’s economic development. In addition, they also found
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that there is a two-way causal relationship between China’s
CO, emissions and health expenditure, and there is a two-
way causal relationship between economic growth and
health expenditure.

Coccia (2021) studied more than 160 countries that
the per capita gross domestic product (GDP), health care
expenditures and air pollution of each country are key fac-
tors related to COVID-19 mortality. Countries with higher
health sector expenditures have lower COVID-19 mortality
rates and fewer days of population exposure (PM2.5) to more
than safe levels. Ahmad et al. (2021d) studied the data of 27
provinces in China from 1999 to 2018. The STIRPAT model
is used to examine the heterogeneous dynamic relationship
among healthcare expenditures, land urbanization, and
carbon dioxide emissions at different development levels.
The results show that there is a bilateral causal relationship
between the growth of carbon dioxide emissions and the
growth of health care expenditures, and the relatively more
developed (underdeveloped) regions show a stronger (weak)
influence. Atuahene et al. (2020) used a dynamic group to
study the relationship between China and India’s carbon
dioxide emissions, economic growth, and health spending.
The study uses data from 1960 to 2019, and uses the general-
ized method of moments (GMM) data model for estimation.
Their research found that there is a significant relationship
between the three. During the study period, carbon diox-
ide emissions had a significant positive impact on health
expenditures in both countries, while economic growth had
a negative impact on health expenditures.

From our literature review, some scholars have recently
studied the ARDL model (Adamu et al., 2020; Kong, 2021;
Mongo et al., 2021; Yang et al., 2021a, b), and some scholars
use the NARDL model (Ghazouani, 2021; Namahoro et al.,
2021), and Xiangyu et al. (2021) use the QARDL model for
empirical testing. The Fourier ARDL model, we used, is
similar to the newly developed ARDL, but it uses bootstrap
Monte Carlo simulation to make the results of the variable
test more delicated. The Fourier ARDL model is based and
derivated on Pesaran et al. (2001) ARDL bounds test model
and McNown et al. (2018) bootstrap ARDL model.

Empirical data and methods
Data

We discussed the health expenditure, CO, emissions, and
economic growth of the BRICS in this paper. The data of
health expenditure and economic growth came from the
World Bank database; the data of CO, emission came from
public data provided by British Petroleum (BP). How-
ever, because the time-series data of health expenditure is
very short, from 2000 to 2019, our other variables of CO,
emissions and economic growth data have to be adjusted
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accordingly. We use the Fourier ARDL method and simi-
lar Monte Carlo simulation methods to bootstrap variables
10,000 times, so even a short database like variable of health
expenditure can be showed significant results in time-series
and we used E-views 10 to implement econometrical equa-
tions of Fourier ARDL.

Model method

According to the papers of Gallant (1981) and Gallant and
Souza (1991), they pointed out that a small number of low-
frequency components of Fourier approximation can cap-
ture an unknown number of progressive and sharp struc-
tural brakes. Yilanci et al. (2020) used bootstrap with sharp
brakes (using the Dummy variable). ARDL is modified to
Bootstrap ARDL with smooth break (using Fourier func-
tion). Pesaran et al. (2001) and the subsequent ARDL model,
we can write the following ARDL bounds test model:

AY,=cta¥ 4 pX_ + D OAY, + Y 5K+ X Dy
ey

The above equation does not require feedback from Y to
X. This means that we cannot allow two or more variables
(weak) to be endogenous, and the researchers ignored this
assumption in the empirical significance of Pesaran et al.
(2001) ARDL bounds test. This does not exclude the cointe-
gration relationship between regressions, nor does it assume
that there is no (short-term) Granger causality between the
dependent variable and the regression. It assumes that the
regression variable is weakly exogenous. In the long-term,
these regression variables are not affected by the dependent
variable, but this does not exclude the cointegration relation-
ship between the regressions, nor does it assume that there
is no (short-term) Granger causality between the regres-
sion and the dependent variable. The researchers ignored
this assumption in the empirical implications of the ARDL
bounds test.

According to the research of Pesaran et al. (2001) for the
following hypotheses, the cointegration test requires F-test
or f-test:

Hy:a=p=00rH,:a=0

McNown et al. (2018) suggested supplementing the exist-
ing F-test and #-test for cointegration proposed by Pesaran
et al. (2001) by adding an additional F, test. McNown
(2018) et al. improved the ARDL bounds test of Pesaran
et al. (2001) and used the bootstrap ARDL method test to
distinguish all three defined cointegration, non-cointegra-
tion, and degeneration cases. They set the degeneration cases
as follows:
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(1) When the test result is significant in the F-test and z-test
of the lagged independent variable, and the ¢, test of
the lagged dependent variable is not significant, it is
degeneration situation #1.

(2) When the test result is significant in the F test and t
test of the lagged dependent variable, but the lagged
independent variable is not significant, it is degenera-
tion case #2.

Pesaran et al. (2001) proposed a critical value for degen-
eration case #2, but there is no critical value for degeneration
case #1. To exclude degeneration case #1, the order of integra-
tion of the dependent variable must be /(1) but Perron (1989)
thought the unit root test is un-reliable for its low degree of
inspection.

The advantage of the bootstrap ARDL test is that the endog-
enous problem has no effect on the size and power character-
istics of the ARDL bounds test frame. Using the asymptotic
threshold of Monte Carlo simulation can help solve this prob-
lem. Another feature is that it can solve the sample on the time-
series. The problem of insufficient in the World Bank database,
only 19-year samples of health expenditures (2000-2018) can
be obtained, and the bootstrap ARDL test can solve this kind
of problem efficiently. McNown et al. (2018) also proposed an
extension of the ARDL test framework for alternative degen-
eration scenarios, with a threshold generated by the bootstrap
ARDL test.

Therefore, the recommended Bootstrap ARDL test can bet-
ter understand the cointegration status of the time-series in
the model. Yilanci et al. (2020) followed Becker et al. (2006)
and Ludlow and Enders (2000) and allowed the use of single
frequency. For example, we want to use GDP as a control vari-
able to test whether CO, affects health expenditures, and then
the model can be expressed as:

HEZ = + OCIGDPI + a2C02t + &, (2)

HE is health expenditure, GDP is gross domestic produc-
tion, CO, is carbon dioxide emissions, and Eq. (2) is extended
to the 3-variable ARDL situation. The transform model is fol-
lowing as:

AHE, = fy+ f\HE,_, + },GDP,_, + ;CO,_ + Y ¢ AHE, ,
+ Z: 6;AGDP,_; + Z: @ ACO,,_, +e, 3)
uPr=Ph=p=0 )
Hy . p=0 (5)
Hye : pp=p3=0 ()

The above model, Eq. (3), can also incorporate dummy
variables to capture the structural break D,. We can think

of this model as a Bootstrap ARDL with obvious structural
breaks. Since Gallant (1981) and Gallant and Souza (1991)
showed that a small amount of low-frequency components of
the Fourier approximation can capture an unknown number
of progressive and sharp breaks, we use the following Fourier
function to replace the dummy method variables:

d@t) = Zn o, (sin 2”kt) + Zk 1b’< os<2§kt> @)

d(t) = yl(sm ) + yzcos( 27;’“) ¥

The Fourier ARDL model is estimated as follows:

AHE, = f, + yl(sin@) +yzcos(¥>

-1

+BHE,_| + p,GDP,_, + f;CO,,_, + )" a/AHE,,
+ Z 8/AGDP,_; + Z B,ACO,,_; +e, 9)
Hop =P =p=0 (10)
g P =0 (11
Hoe i py=P3=0 (12)

Following the research of Christopoulos and Leon-
Ledesma (2011) and Omay (2015), we use all values of k in
the interval of k=[0.1, ..., ..., 5] to estimate Eq. (9), where
the increment is 0.1 and the k that produces the smallest
residual sum of squares is selected. Christopoulos and Leon
Ledesma (2011) proposed that fractional frequencies repre-
sent permanent breakpoints, while integer frequencies rep-
resent temporary breakpoints. Therefore, we use bootstrap
ARDL to estimate the critical values of F*, ¢;* and #,* and
Fourier frequency (smooth) to transfer the breakpoints. A
detailed description of the bootstrap ARDL can be found in
the paper by McNown et al. (2018).

Empirical results and policy
recommendations

Empirical results

When we are studying the correlation between health
expenditures, carbon dioxide emissions and economic
growth in the BRICS countries, because the results of
empirical data of Russia show nonstationary of 1(2), if
we use the data and these will get so-called spurious
regression, so we did not use data of Russian in the whole
paper. Table 1 is a descriptive statistical analysis of the
three variables of health expenditures, CO, emissions,
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Table 1 Description of statistics

Economies Brazil China India South Africa
Variables CO, Health GDP Co, Health  GDP CO, Health  GDP Cco, Health GDP
Mean 2.5801  2.7568  3.8384  3.8274  2.1462  3.5093  3.8274  2.1462  3.5093  2.6109  2.5757  3.7173
Maxi 27029  3.0109  4.1220  3.9655  2.6443 39425 39655  2.6442 39424  2.6521 27762 3.9034
Mini 24803  2.3911 34516  3.5266 1.6269 29820  3.5266 1.6268 29819  2.5284 22279  3.3983
Sd. Dev 0.0782  0.2330  0.2360  0.1542 03673  0.3452  0.1542 03672 0.3452  0.0410 0.1640  0.1502
Skew 0.2183 —-0.4722 —-0.4437 -0.8647 —-0.0391 -0.2036 -0.8647 —-0.0390 —-0.2035 -0.9490 -0.7664 —1.0043
Kurt 1.5111 1.5997 1.6803 23111 1.4766 1.5194 23111 1.4765 1.5194 25437  2.5333  2.8912
J-B 1.8056  2.1395 1.8970  2.5992 1.7452 1.7684  2.5992 1.7452 1.7684  2.8579 1.9257  3.0348
*#% #% and * indicate the null hypothesis is rejected at the 1%, 5%, and 10% levels
Table 2 Unit root tests Country Level First difference
ADF PP KPSS ADF PP KPSS
Brazil CO, —0.8169 —0.8169 0.5170%*  —=3.6976%*  —3.6982 0.1229
Health —4.7396%**  —0.8245 0.4747#*  —2.2098 —2.5433 0.1622
GDP —3.7380%* —0.9982 0.4500% —2.6009 —2.5650 0.1689
China CO, —3.9374%*%  —3.3594%*% (0.5165%* —1.1463 —1.3744 0.4743%*
Health —1.2941 -0.4197 0.5508**  —2.3987 —2.4306 0.1698
GDP —1.5235 —1.1595 0.5481%*  —1.8313 —1.8397 0.2554
India CO, —3.9374%*%  —3.3594**% (0.5165%* —1.1463 —1.3744 0.4743%%*
Health —1.2941 -0.4197 0.5508**  —2.3987 —2.4306 0.1698
GDP —1.5235 —1.1595 0.5481**%  —1.8313 —-1.8397 0.2554
South Africa CO, —1.9808 —2.2580 0.4260* —3.5901*%*  —3.5685%* 0.3577*
Health —1.2802 —1.2590 0.4655*%*  —2.9929% —-2.9632*  0.1411
GDP —1.5844 —1.5841 0.4012* —2.7001* —-2.7507*  0.2583

and economic growth in the BRICS countries after tak-
ing natural logarithm of the variables. All statistical data
verification results are left-skewed with right long tail,
only Brazil’s carbon dioxide emissions are left-skewed
with right long tails, and the dynamic test results are all
low-spread peaks (< 3), while the kurtosis data of South
Africa’s GDP is It is 2.8912 which is closest to the stand-
ard kurtosis (=3). The analysis results show that the data
distribution is relatively stationary and there are fewer out-
liers, which meets the requirements of empirical analysis.

Table 2 shows the results of the unit root test for the sta-
tionary of the three variable time-series data. The unit root
test is divided into the level item /(0) test and the first-order
difference item /(1) test. The three variables only satisfy
1(0) or I(1) test can use the Fourier bootstrap ARDL for
cointegration test. In order to determine the stability of the
unit root test results, we use the three commonly used ADF,
PP, and KPSS by scholars in academic and the unit root test
to ensure the reliability of our empirical test. The test results
show that the three variables of the four countries meet the
standard, except Russia, so the time-series data is stationary.
In addition, after the unit root test is completed, the Akaike
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information criteria (AIC) needs to be determined. In this
paper, we use the AIC criteria to select and judge the small-
est AIC as the best lag period. It is generally believed that
while the BRICS countries consume a large amount of high-
polluting energy to promote economic growth, it will affect
the health of residents and thus affect health expenditure.
Therefore, CO, emissions and health expenditure should
have a long-term cointegration relationship.

However, Table 3 is a test of the cointegration relation-
ship between health expenditures and carbon dioxide emis-
sions. The test results show that there is no long-term coin-
tegration relationship between health expenditures and CO,
emissions in the BRICS countries. From the perspective
of the frequency of Fourier changes, in Brazil (1.5), China
(2.5), India (2.5), and South Africa (3.6), the frequency of
changes in CO, emissions to health expenditures is longer
than that of health expenditures to carbon dioxide emissions.

The short-term causality test in Table 4 shows that the
CO, emissions of Brazil, China, and India are causally
related to health expenditures after a period of lag. Spe-
cifically, Brazil’s CO, emissions have a negative causality
relationship with health expenditures, while China’s health
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Table 3 Cointegration analysis (2 variables)

Country Dependent variablel ~ frequency AIC Y F* F t*dep Laep Mindep  Tindep Result
Independent variable
Brazil CO, | Health 1.5 —-6.31 19.62%%% 1278 7.099 —-4.635 -—-3.163 4.607 2.995 No cointegration
Health | CO, 14 —-396 4.352% 3393 0.733 -2.024 0.190 1.101 —0.261 No cointegration
China CO, | Health 2.5 —-6.10 0.465 3315 1.567 —-1.866 —0.484 1.098 0.484 No cointegration
Health | CO, 0.5 —5.16 33.33%% 4541 1.235 -2.348 —1.300 0.783 1.119  No cointegration
India CO, | Health 2.5 -6.10 1.183 3.167 1.567 —-1915 -0.484 1.030 0.484 No cointegration
Health | CO, 2.5 —-6.10 5.893*% 3002 1.567 -1.614 —0.484 1.095 0.484 No cointegration
South Africa CO, | Health 34 -5.59 0.087 5.286 2.752 —-2.850 —-0.650 2.385 0.038 No cointegration
Health | CO, 2.6 -359 1.7791 7.063 6.547 —3.238 -3.263 2.072 2.682 No cointegration
#Hk k% and * indicate the null hypothesis is rejected at the 1%, 5%, and 10% levels.
Table 4 Granger causality analysis based on Fourier ARDL model
Country ACO, equation AHealthequation
Brazil A CO,CO2, na 4.173%%% (0.002)(-)
A Health, Health,_, 0.175 (0.864)(-) na
China A CO,CO2, na 0.885 (0.398)(+)
A Health, Health,_, 16.890* (0.000)(-) na
India A CO,CO2, na 5.765%** (0.000)(-)
A Health, Health,_, 8.873*** (0.000)(-) na
South Africa A CO,CO2, na 1.343 (0.210)(-)
A Health, Health,_, 1.2405 (0.201)(+) n.a
Country Health, = CO, CO, => Health,
Brazil X v(=)
China v(-) X
India v(=) v(=)
South Africa X X

Values in bold refer to the case of cointegration and the causality test involved both lagged level and lagged differenced variables. Those values
not in bold refer to the case of no-cointegration where the causality test involved only lagged differences

Brazil China
co, —> Health co, b Health
India
co, [T Health

Fig.3 Granger causality analysis based on Fourier ARDL model (2
variables)

expenditures also have a negative causality relationship
with CO, emissions. Only India’s CO, emissions and health
expenditures have a two-way negative causality relationship.
The CO, emission is a kind of environmental pollution. In
the long term, this means that it has a significant negative
impact on the health of Brazil and India. In China and India,

health expenditure is negatively correlated with CO, emis-
sions, which means that increasing health expenditure will
help reduce environmental pollution (see Fig. 3).

Brazil established the Unified Health System (Sistema
Unico de Saidde, SUS) in 1988, and Brazil has made pro-
gress in achieving universal health coverage. Since then,
Brazil has achieved access to healthcare services for almost
everyone in implementing health plans and organizing the
health system. However, the implementation of austerity fis-
cal policy in 2016 has led to geographical inequality, insuf-
ficient funds and poor cooperation between the private sec-
tor and the public sector, threatening its sustainability and
fulfilling its ability to provide health care for all. In recent
years, due to the weak recovery of the international econ-
omy, sluggish commodity prices, and structural problems in
the domestic economy, the Brazilian economy has gradually
fallen into recession. As far as Brazil’s national finance is
concerned, its manufacturing capacity is not strong, mainly
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Table 5 Cointegration analysis (3 variables)

Country Dependent variablel  frequency AIC Y F t*dep Liep Pidep  Tindep Result
Independent variable

Brazil CO, | Health, GDP 1.5 -6.20 7.81** 6568 2.860 —3.384 —2451 7277 3.862 No cointegration
Health | CO, GDP 1.9 —6.58 96.*%** 5444 0389 -1.633 —-0.014 5236 0.563 No cointegration

China CO, | Health, GDP 0.4 —7.06 13.#** 6488 9.122 —-3.521 —4997 7.639 9.250 Cointegration
Health | CO, GDP 0.5 —-6.09 9.7#¥*¥* 7635 6583 —4.074 —4.149 9.883 7.467 No cointegration

India CO, | Health, GDP 0.4 -7.06 0.1872  7.183 9.122 —-3.467 —-4997 8383 9.250 Cointegration
Health ICO, GDP 0.5 —-691 7.27** 8.053 6.583 —4274 —4.149 10.656 7.467 No cointegration

South Africa CO, | Health, GDP 2.8 -6.34 1.632 6.057 1.688 —3.267 —1.994 7.701 2.531 No cointegration
Health | CO, GDP 1 —6.54 3.844*% 12.03 4943 -47092 -0.349 14791 4.703 No cointegration

#Hk k% and * indicate the null hypothesis is rejected at the 1%, 5%, and 10% levels

relying on bulk commodities. Especially after the COVID-
19 epidemic, under the impact of the epidemic, the demand
for bulk commodities has fallen, and the stagnation of logis-
tics and shipping has caused poor transportation, which has
led Brazil to rely on the channels for obtaining finance for
commodity exports have weakened. If the efforts to fight
the epidemic are not supported by the economy, there will
be many difficulties. The implementation of a high-welfare
social security policy has made Brazil’s finances more
overwhelmed, and at the same time inhibited the increase
in social labor productivity. At present, Brazil has the largest
social security system in the world, covering many aspects
such as free medical care, free education, relief funds and
pensions. Brazilians enjoy the treatment of developed coun-
tries. Brazil’s pension is equivalent to 97% of Brazil’s aver-
age salary after tax, which is much higher than the 69% of
OECD countries. Brazil’s debt level is getting higher and
higher, and heavy debt is equivalent to a large overdraft of
future wealth in advance. The economic recession of Brazil
has also brought about a reduction in the quality of medical
services and health expenditures. In terms of carbon dioxide
emissions, Brazil is different from other BRICS countries.
The main source of carbon emissions is deforestation. For
the Brazilian government, developed countries should bear
the greatest responsibility for carbon dioxide emissions and
global warming, and have the obligation to contribute to
the development initiatives to protect forests and improve
the income of people in the Amazon region. The Brazilian
government pledged to reduce illegal deforestation to zero
by 2030.

Table 5 examines the long-term cointegration relation-
ship between health expenditures, CO, emissions and eco-
nomic growth in the BRICS countries. The test results show
that only China and India, when CO, emissions are used
as the dependent variable, health expenditures, and eco-
nomic growth are regarded as independent variables. The
Fourier frequency (smoothed) for Brazil and China are both
0.4 (k = 0.4). The Fourier ARDL model is an improvement
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of the McNown et al. (2018) Bootstrap ARDL test (sharp
break), which can show the part of the breakpoint in a more
subtle way (decimals replace integers). From a long-term
perspective, the three variables of health expenditure, carbon
dioxide emissions, and economic growth in Brazil and China
have a cointegration relationship, which can well explain
the economic development models that Brazil and China
have adopted in recent years with high-polluting energy.
In terms of the medical system, the Indian government has
also seen an imbalance between the two major policy goals
of economic development and social equity. Public policies
are clearly tilted towards the upper classes of society, ignor-
ing the interests and needs of the middle and lower classes
of society. The Indian government strengthens the fairness
of the medical security system, adheres to the principle of
“government-led and market-participated” in the provision
of medical services, and increases financial investment in
medical and health care. In terms of carbon dioxide emis-
sions, India is one of the five BRICS countries with car-
bon dioxide emissions and a major environmental pollution
country. The Indian government’s commitment is a neces-
sary prerequisite for achieving air quality improvement. In

Table 6 The results of long-term estimation analysis based on Fourier
ARDL model

Country ACO, equation AHealthequation

China A C0,C0O2,_; n.a n.a
A Health, Health,_, 3.133%% (0.019)(+) n.a
A gdp,gdp,_;. 3.830%%% (0.002)()  na
India A C02,CO2,_; n.a n.a

A Health, Health,_ -0.865 (0.432)(-) n.a

Agdp,gdp,_;. 0.0493 (0.932)(+) na

##% k% and * indicate the null hypothesis is rejected at the 1%, 5%,
and 10% levels
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Table 7 Granger causality analysis based on Fourier ARDL model (3 variables)
Country ACO, equation Healthequation
Brazil A CO,CO2, n.a 44.779%* (0.00) (-)

A Health, Health,_, 1.728 (0.309)(-) n.a

A gdp,gdp, . 2.613%* (0.102)(+) 22.6184%* (0.000)(+)
China A CO,CO2, n.a 0.501 (0.600)(+)

A Health, Health,_, 0.493 (0.432)(-) n.a

A gdp,gdp, . 1.133 (0.932)(+) 0.908 (0.309)(-)
India A CO,CO2, n.a 0.557 (0.203)(+)

A Health, Health,_, 3.650%** (0.008)(+) n.a

A gdp, gdp, . 3.069*%* (0.012)(-) 0.898 (0.507)(-)
South Africa A CO,CO2,_; n.a -0.036 (0.965)(-)

A Health, Health,_, 0.076 (0.932)(-) n.a

A gdp,gdp, . 0.495 (0.691)(+) 1.997* (0.088)(+)
Country Health, = CO, GDP = CO, CO, => Health, GDP => Health,
Brazil X v(+) v(-) v(+)
China X X X X
India v(+) v(-) X
South Africa X X X v(+)

Values in bold refer to the case of cointegration and the causality test involved both lagged level and lagged differenced variables. Those values
not in bold refer to the case of no-cointegration where the causality test involved only lagged level

2019, India released the National Clean Air Plan (NCAP),
which plans to reduce pollution in 102 cities by 20-30%
within 5 years.

On this basis, Table 6 further examines the cointegration
relationship between China and India when the independ-
ent variables lag by one period. The results show that China
and India have a cointegration relationship with CO, emis-
sions when their health expenditures and CO, emissions
lag behind by one period. China to improve environmental
governance and effectively control pollution sources, gov-
ernment departments should establish a scientific vehicle
exhaust detection system, conduct real-time exhaust detec-
tion of locomotives on the road, and adopt scientific control
measures.

Control atmospheric pollutants in the production pro-
cess and rationally plan the industrial structure gradually
eliminate high-pollution and high-consumption industries,
and attach importance to industrial upgrading. The China
government should play the role of industry supervision,
strengthen supervision and management of high energy-
consuming industries, and give priority guidance; implement
policy incentives for key energy-saving enterprises, such as
adopting tax reduction policies, encouraging enterprises to
carry out technological innovation, reducing pollutant emis-
sions, and improving pollution control level. Strengthen
environmental legislation, establish a sound legal system,
promote the modernization of the ecological environment
governance system and governance capabilities, and improve

the environmental governance laws, regulations and policy
systems.

In recent years, due to the rapid development of the Inter-
net in China and its application to the medical system, medi-
cal resources can use Internet information, which greatly
improves the quality and effectiveness of medical care.
China has fully established a unified national medical secu-
rity information platform, continued to optimize the opera-
tion and maintenance system and safety management system,
perfected the “Internet+ medical health” medical insurance
management services, improved the “Internet + medical
health” medical insurance service fixed-point agreement
management, and improved the “Internet+ medical service
prices and medical insurance payment policies”, extending
medical insurance management services to “Internet + medi-
cal health” medical behaviors, forming a relatively complete
“Internet + medical health” medical insurance policy system,
service system and evaluation system. In this COVID-19
epidemic, the medical system has also played a great role in
the control of the Internet.

Table 7 conducts a lag period test and a short-term causal-
ity test between the health expenditures, CO, emissions and
economic growth of the BRICS countries. The lag period
test shows that under the conditions of one lag period, Bra-
zil’s economic growth and CO, emissions have a cointegra-
tion relationship; India’s health expenditure and economic
growth have a cointegration relationship with CO, emis-
sions; South Africa’s economic growth has a cointegration
relationship with CO, emissions. The results of short-term
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Fig.4 Granger causality analysis based on Fourier ARDL model (3
variables)

causality show that Brazil’s economic growth has a positive
causality relationship with CO, emissions and health expen-
ditures, and CO, emissions have a reverse causality relation-
ship with health expenditures; India’s economic growth has
a positive causality relationship with CO, emissions, and
CO, emissions have a positive impact on health. Expenditure
has a reverse causality; South Africa’s economic growth has
a positive causality on expenditure, and there is no obvious
causality in other countries (see Fig. 4).

In the context of the large gap between public medical
resources and people’s health needs, the South African
government encourages public—private cooperation, uses
the power of private institutions to strengthen the con-
struction of human resources in public hospitals, and at
the same time promotes private sector participation in
the provision of health services, so that more people can
access medical and healthcare services to improve the
efficiency and quality of service delivery. South Africa
has an extreme and persistently high unemployment rate,
which interacts with inadequate education, inadequate
health, crimes, and racial inequality and other economic
and social problems. Derivative problems damage invest-
ment and economic growth, thereby affecting employ-
ment. The dysfunction of the South African health system
and the conflict between infectious and non-communi-
cable diseases are racial and gender discrimination, the
immigrant labor system, the destruction of family life,
huge income inequality, and extreme violence. The health
sector is facing a serious human resource crisis, which
inevitably affects health and medical services. Despite
the substantial increase in social subsidies, macroeco-
nomic policies that promote growth rather than redistri-
bution have led to the persistence of economic inequality
between races. The public health system has been trans-
formed into a comprehensive and comprehensive national
service, but the failure of leadership and management and
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poor management have led to ineffective implementation
of generally good policies. The key aspects of primary
health care are not yet in place, and the health sector is
facing a serious human resource crisis. The health system
faces enormous challenges, many of which still exist.

Policy recommendations

The health expenditures of the BRICS countries have a
great role in promoting the production of healthy capital.
Since health expenditures can indirectly promote eco-
nomic development by improving the health of residents
and increasing the stock of healthy human capital, the gov-
ernments of the BRICS countries should increase health
expenditures. For example, the CO, emissions of Brazil
have an impact on the increase in medical expenditure.
If CO, emissions are not effectively reduced, increasing
medical expenditure can improve people’s health. This
investment will play a role in the production of health
capital. Economic growth has changed from relying on
traditional growth drivers such as physical capital invest-
ment and demographic dividends to relying on emerging
industries and innovation. The economic growth of Brazil
and South Africa has significantly boosted health expendi-
ture. Although Brazil has established a nationwide medical
system, the Brazilian government has invested very little
in the medical and health system over the years. This is
directly related to the strict fiscal austerity policy intro-
duced by the Brazilian government in 2016. Although the
economy of the BRICS countries is developing rapidly,
the cost of the extensive economic development model is
huge, and such as India, problems serious environmen-
tal pollution and damage to the ecosystem have become
increasingly prominent. If the BRICS countries want to
formulate reasonable economic policies and coordinate
health expenditures, economic growth, and environmen-
tal protection, they must coordinate the national health
expenditures, economic growth, coal consumption, capi-
tal, labor, CO, emissions, and other indicators to make an
accurate judgment and analysis in the direction.

The BRICS countries need to change their
economic development models and use
low-polluting alternative energy sources

Because China, India, South Africa, Brazil, and other coun-
tries have a long-term cointegration relationship between
economic growth and CO, emissions, that is, economic
growth and changes in CO, emissions are consistent, and
economic growth in the short-term has led to an increase
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in CO, emissions. Therefore, in order to avoid environ-
mental pollution and achieve sustainable economic devel-
opment, the government should look for cleaner energy
sources to promote economic growth. The government of
Brazil should continue the development of biomass etha-
nol, power energy conservation, and encourage the use of
renewable energy and biodiesel. These comprehensive pro-
jects will help reduce greenhouse gas and CO, emissions.
The Brazilian government strictly legislates, enforces and
punishes them to ensure the authority of environmental
protection. Encourage the participation and collaboration
of the government, enterprises and the public. Enhancing
environmental protection is an important measure to imple-
ment the scientific development concept. Enhancing envi-
ronmental protection is conducive to promoting economic
restructuring and the transformation of growth patterns,
and achieving faster and better development. The Chinese
government should use CO, emission reduction to lead the
improvement of various policies for power energy conser-
vation and emission reduction, formulate plans and play
a guiding and restrictive role, take multiple measures to
promote the effective consumption of new energy power
generation, and use low-carbon standards as a guide to
strengthen power and related fields and power coordinate
and coordinate all aspects of the system itself, accelerate
the development of new electrification, promote the clean
and low-carbon transformation of energy and power, and
simultaneously promote the reform of the electricity market
and the construction of the carbon market. The Indian gov-
ernment should increase power generation from non-fossil
fuels and renewable energy sources such as wind, solar,
and hydropower, continue afforestation to increase forest
coverage, absorb CO,, and reduce CO, emissions.

2. Brazil and India should pay attention to the indirect
effects of economic growth and coordinate economic growth
policies and health expenditure policies. Because the economic
growth of Brazil and India directly promotes the increase of
health expenditures on the one hand, economic growth has
increased CO, emission and the increase of CO, emissions
has reduced health expenditures. In terms of health expendi-
tures, Brazil should improve its industrial structure and recover
its industrial manufacturing capacity. Adjust the social secu-
rity system, reduce the proportion of pension after-tax salary
income, reduce the government’s financial burden, balance the
development of medical care, and reduce the poverty popu-
lation. This may lead to insufficient government investment
in the health industry and affect people’s health. Therefore,
relevant government departments must consider the indirect
effects of economic growth and maintain the coordination of
economic growth policies and health expenditure policies.
India should apply scientific methods to carry out emission
inventory compilation, data monitoring, air quality model
establishment, pollutant source analysis and cost—benefit

analysis, etc., to ensure that relevant policies and measures are
effective. When formulating air quality improvement goals and
plans, the impact of regional transmission on air quality should
be fully considered. Establish a systematic air quality monitor-
ing network combined with a strong monitoring mechanism to
ensure the effective implementation of policies and measures.
Only improving the deteriorating air quality is also an oppor-
tunity for India to adjust and optimize the energy and industrial
structure, thereby developing the economy, and also conducive
to technological innovation and stimulating its market develop-
ment. Since the government alone cannot provide basic medi-
cal services for all citizens, it is recommended that the medi-
cal and health authorities of the Indian government encourage
the development of private medical institutions, advocate
public—private cooperation and community participation,
and seek financial and technical assistance from international
non-governmental organizations. Establish a community-based
medical service organization to provide low-income people,
especially the poor, with quality-guaranteed medical services
with reasonable fees, and gradually realize the accessibility
of medical services. China should take rationalizing govern-
ment market relations as the core, improve the top-level design,
and comprehensively promote the implementation of medical
reform policies. Guided by the people sharing the prosperity of
economic development, governments at all levels have gradu-
ally increased financial investment in health care. Promote
the full introduction of social capital in the field of non-basic
medical and health services, create a good environment for the
development of private hospitals and promote the sustainable
and healthy development of private hospitals; expand the space
and connotation of medical services; promote the improvement
of digital technology of medical services and improve service
quality and efficiency.

South Africa should pay more attention
to the sustainability of the impact

of economic growth policies on health
expenditures

Although in the short term, South Africa’s economic growth
has a positive effect on health expenditures, in the long-
term; there is no significant cointegration relationship either
in the current period or in the lag period. This means that
the impact of economic growth on health expenditures
is not sustainable enough, which this may make the gov-
ernment need to invest frequently in health expenditures,
thereby reducing the efficiency of resource allocation, so the
South African government should pay more attention to the
sustainability of health expenditures by economic growth
policies.

In general, the BRICS countries should pay more atten-
tion to the “green effect” of economic growth in their future
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development, increase their efforts in environmental gov-
ernance, set phased and progressive carbon emission reduc-
tion targets, and achieve steady economic growth. Deepen
the transition to clean energy and gradually reduce the
dependence on fossil energy such as coal. Further optimize
the energy structure so that clean energy can be used more
safely and efficiently, increase the development of new
energy, and promote the comprehensive green transforma-
tion of the energy structure of the BRICS countries. The
BRICS countries should increase expenditures on the scale
of environmental and health expenditures, guide enterprises
to carry out technological innovations, and at the same time
encourage enterprises to improve technical efficiency, and
achieve the “U”-shaped goal of transcending environmental
regulations and economic growth; in the structure of envi-
ronmental and health expenditures The government should
increase the proportion of environmental research, environ-
mental health education and other projects, create an exter-
nal environment conducive to economic growth, and give
full play to the positive role of environmental public expen-
ditures in building a good external technological innovation
environment and enhancing social health human capital.

Conclusions

In this paper, we used the Fourier bootstrap ARDL model to
study the cointegration relationship and short-term causality
between health expenditures, CO, emissions, and economic
growth in the BRICS countries. The research results show
that, in the long term, Brazil and China have cointegration
relationships between CO, emissions as the dependent vari-
able and health expenditure and economic growth as the
independent variables. In the short term, under the test of
health expenditure and CO, emissions, in Brazil, CO, emis-
sions have a one-way impact on health expenditure; i China,
health expenditure has a one-way impact on CO, emissions;
Iin India, there is a two-way causal relationship between
CO, emissions and health expenditure. When economic
growth is added as the control variable, in the long term,
in China, health expenditure is positively correlated with
CO, emissions, mainly because China’s industrial develop-
ment promotes the increase of CO, emissions and medical
expenditure; at the same time, with the introduction of CO,
emission policies in China, there are a negative correlation
between economic growth and CO, emissions. When the
control of economic growth is added, in the short term,
Brazil’s economic growth not only promotes the growth of
health expenditure but also promotes the increase of CO,
emissions. However, with weak economic growth and a
sharp drop in federal government investment, Brazil’s pub-
lic medical care has deteriorated year by year, and private
medical care has flourished. The severe polarization between
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the rich and the poor and the uneven distribution of medical
resources have made Brazil. The average per capita expend-
iture on health has fallen instead of rising. India’s health
expenditure is positively correlated with CO, emissions,
while economic growth is negatively correlated with CO,
emissions; the CO, emissions formed by India’s economic
development mainly come from the increase in energy use
in electricity, transportation, and industry. The Indian gov-
ernment should increase power generation from non-fossil
fuels and renewable energy sources such as wind, solar,
and hydropower, continue to plant trees and increase forest
coverage to absorb CO,. The economic growths of South
Africa have promoted the growth of health expenditures.
The impact of South Africa’s economic growth on health
expenditure is not sustainable enough, and the South Afri-
can government should pay more attention to the impact of
sustainable economic growth policies on health expenditure.
The South African government needs to frequently invest
in health expenditures to improve the efficiency of resource
allocation.
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