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Abstract
This empirical study aims to test the validity of the environmental Kuznets curve (EKC) hypothesis for China within the
framework of (Narayan and Narayan Energy Policy 38(1):661–666, 2010) approach. To this end, the study employs a recently
developed Fourier ARDL procedure and time-varying causality test over the period 1965–2016 to analyze the short- and long-
term relationships between economic growth, economic complexity index, energy consumption, and ecological footprint. The
findings of the Fourier ARDL procedure confirm the existence of cointegration among the series. Moreover, the results of this
study demonstrate that energy consumption and ecological complexity increase ecological footprint in both the short- and long
term. However, the short-term elasticity of economic growth is smaller than the long-term elasticity, implying that the EKC
hypothesis is not valid for China. This finding is robust as it is confirmed by the time-varying causality test. The overall results
illustrate that economic complexity has an increasing impact on ecological footprint, and economic growth is not effective to
solve environmental problems in China. Therefore, the Chinese government should encourage a more environmentally friendly
production process and cleaner technologies in exports to reduce environmental pollution.
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Introduction

Today, air, water, and soil pollution pose a great danger for
both human health and national economies. Despite the im-
proving efficiency level, the increase in the level of pollution
continues due to the human demand for natural resources. Air
pollution in particular increased significantly over the last
half-century. Considered as one of the most important air pol-
lution indicators, carbon dioxide (CO2) emissions increased
worldwide by 172% from 1967 (12,068 million tons) to 2016
(32,913 million tons; BP 2019). However, CO2 emissions are
only an indication of air pollution. Wackernagel and Rees

(1996) have developed a more comprehensive environmental
pollution indicator by including water and soil pollution as
well as air pollution. This indicator, called an ecological foot-
print (EF), measures human pressure on the environment as a
global hectare area (gha) and reflects complex environmental
issues (Wang et al. 2018).

Additionally, the EF represents human natural resource
demand, while biocapacity represents the natural resource
supply. By comparing the EF with biocapacity, the biologi-
cally productive area required for human consumption can be
measured. If the demand for natural resources exceeds supply,
then ecological deficit occurs. Meanwhile, the EF indicates
the degree of human resource consumption that exceeds envi-
ronmental limits (Yilanci and Pata 2020). For the first time,
the world’s EF was higher than biocapacity in 1970, therefore
illustrating that people live beyond the earth’s capacity
(Hubacek et al. 2009). The problem, defined as the “ecologi-
cal deficit,” continues to increase year by year. In connection,
the worldwide EF increased by 133% from 1967 to 2016.
Similarly, the carbon footprint, which is an indicator of air
pollution within the EF, increased by 191% in the same period
(Global Footprint Network 2019). When both CO2 emissions
and EF are examined, it is evident that worldwide
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environmental conditions are worsening. Therefore, determin-
ing the factors affecting environmental pollution and thus tak-
ing various measures is essential for a better future.

Fossil fuel-based energy consumption (EC) and economic
development are the most important macroeconomic indica-
tors that affect environmental degradation. On the one hand,
many studies have proven that an increase in fossil fuel use
reduces environmental quality (Saboori and Sulaiman 2013;
Bölük and Mert 2014). On the other hand, Grossman and
Krueger (1991) determine that there is an inverted U-shaped
quadratic relationship between economic development and
environmental pollution indicators such as dark matter, sulfur
dioxide (SO2), and suspended particles. This relationship,
which is described by Panayotou (1993) as the environmental
Kuznets curve (EKC), implies that as the income level in-
creases in the early stages of economic development, environ-
mental pollution increases at first but then declines after
attaining a certain threshold level of income. This theoretical
proposition states that the environment deteriorates because
the environmental pressure is higher in the early stages of
economic growth (Narayan and Narayan 2010). Despite this,
at high-income levels, economic development positively af-
fects the environmental quality (Stern 2017).

In short, the EKC hypothesis claims that a better
environment and sustainable growth will be accompanied by
economic development. Nevertheless, income and square of
income can be highly correlated. When testing the EKC
hypothesis, using cubic or quadratic models can cause
collinearity or multicollinearity problems. To overcome this
problem, Narayan and Narayan (2010) propose testing the
EKC hypothesis by comparing the short- and long-term in-
come elasticity of linear models. They state that if short-term
income elasticity is found to be higher than the elasticity in the
long-term, then this indicates that environmental pollution
will decrease over time, and the EKC hypothesis is valid.
Brown and McDonough (2016) state that short- and long-
term coefficients would not demonstrate the EKC shape and
thus criticize Narayan and Narayan’s (2010) work. The valid-
ity of this criticism has not yet been proven, and the test of the
EKC hypothesis by Narayan and Narayan’s approach con-
tinues in current studies (see, e.g., Dong et al. 2018a).

In the studies testing the validity of the EKC hypothesis,
CO2 emissions are widely used as the dependent variable
(Danish et al. 2017; Pata 2018a, b, 2019; Chen et al. 2019a;
Munir et al. 2020). However, in recent studies, EF is also used
to test the EKC hypothesis as an indicator of environmental
pollution (Liu et al. 2018; Yilanci and Ozgur 2019).
Furthermore, researchers investigate the validity of the EKC
hypothesis by including different explanatory variables such
as economic complexity, globalization, and democratization
as well as income and EC (Can and Gozgor 2017; Usman
et al. 2019; Bilgili et al. 2020). The economic complexity
developed by Hidalgo and Hausmann (2009) is, briefly, a

combination of a country’s productive output. In other words,
it is a measure of a country’s ability to produce high value-
added products and its productivity (Hausmann et al. 2014). In
a society with advanced inputs, the level of productive output
increases. Inputs include the level of knowledge and skills
such as technology, human capital, institution, and legal sys-
tem (Lee and Vu 2019). Therefore, economic complexity de-
fines a country’s skill-based and knowledge-based efficient
production capacity (Can and Gozgor 2017). Countries with
higher economic complexity can produce more productivity
products. Since the economic complexity index (ECI) is cal-
culated only with the trade data of the United Nations, pro-
ductivity products are based only on exports. The high ECI
indicates that both high-complexity products and a wide vari-
ety of products are produced in a country. Differences in the
complexity of the economy explain the diversity and sophis-
tication of the products exported by countries. The ECI is
calculated in terms of ubiquity and diversity of highly com-
plex products. In complex economies, individuals and com-
panies produce more diverse products with large networks and
comprehensive knowledge and skills. On the contrary, sim-
pler economies produce fewer and simpler products in a nar-
row space. In this context, economic complexity is an indica-
tor of a country’s economic development level.

As this indicator is a part of economic development, it also
relates to environmental pollution. Simple economies gener-
ally focus on the production of agricultural products and raw
minerals and thus cause limited environmental degradation.
However, more developed and industrialized economies,
which have become more complex with the diversification
in production, cause excessive environmental degradation
(Swart and Brinkmann 2020). Finally, at high levels of eco-
nomic complexity, economies become more environmentally
friendly as they develop their levels of technology and knowl-
edge. At such a stage, countries can reduce environmental
pollution by producing more complex products with clean
production technologies.

For the reasons mentioned above, economic complexity
index, economic growth, and fossil fuel-based EC can affect
environmental pressure. In this context, the main scope of this
study is to investigate the EKC hypothesis, including the ef-
fect of Chinese economic complexity and EC in the analysis.
The study contributes to the existing literature in two respects:
(i) To the best of our knowledge, this is the first attempt to test
the impact of the ECI on EF in China. (ii) The study for the
first time investigates the EKC hypothesis using newly devel-
oped Fourier ARDL approach and a time-varying causality for
China within the framework of Narayan and Narayan (2010).
For these two reasons, we expect the study to enrich the
existing literature.

The remainder of the study is designed as follows. The next
section provides brief information about the economic and
environmental situation in China. The following section
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describes the EKC literature, first summarizing studies on the
EKC hypothesis for China, then investigating the studies
based on Narayan and Narayan’s (2010) approach, and, final-
ly, examining the literature on economic complexity and en-
vironmental pollution nexus. The following section presents
the data and econometric methodology used in this work. This
is followed by empirical results and discussion. Finally, the
last section concludes the study and suggests specific environ-
mental policy implications for China.

The economic and environmental situation
in China

China’s ability to reduce environmental pollution is an im-
portant issue not only for the country but also for the whole
world. China has the world’s second-largest economy,
with current USD 13.608 trillion (constant USD 10.797
trillion) income in 2018 (World Bank 2020). In addition,
China is the largest exporting country in the world. China
ranked 33 out of 129 countries in terms of economic com-
plexity in 2017 (OEC 2020). Economic complexity has
increased in the country, especially since the 2000s.
China’s large economy, high exports, and mid-upper eco-
nomic complexity are based on an open economy model.
After the 1978 economic reform, China experienced an
extraordinary average growth rate of 9% between 1978
and 2012 (Li et al. 2016). This rapid growth caused the
natural resource base to deplete and overload (Chen et al.
2007). Moreover, the concurrent, exponential increase in
fossil fuel consumption has caused destructive and disrup-
tive effects on the environment (Chen et al. 2019a); China
has been the largest coal consumer on the Asian continent
for a significant period of time. Since the 2008 global cri-
sis, China has had an average annual growth rate of 6%.
Although this has decreased compared to the past, environ-
mental pollution has not decreased in the same proportion.
In terms of environmental performance index, China ranks
120th among 180 countries, indicating that the country has
poor environmental quality (Wendling et al. 2018).
Though China is rich in natural resources, it lacks per
capita resources and efficient technology (Hubacek et al.
2009). In 2016, China continued to have the world’s larg-
est total EF, at 5.195 billion gha (Global Footprint
Network 2019). However, in the last 4 years, both the total
and per capita EF in China have started to decrease slight-
ly. The per capita EF of China, which was 3.72 gha in
2013, dropped to 3.62 gha in 2016. Nevertheless, com-
pared to the 1970s, human pressure on the environment
has increased by over three times in the country. China
has had an ecological deficit since 1969, and the
biocapacity increase has been limited and thus not met

the EF requirement. Figure 1 illustrates the ecological bal-
ance of the analysis period in China.

Figure 1 indicates that the ecological balance was achieved
in China between 1965 and 1968. Per capita, EF first
exceeded by a small amount in 1966, and this deterioration
has increased since 1969. The ecological deficit continued to
increase and reached 2.7 gha in 2013. This demonstrates that
environmental conditions are not sustainable in China.
Therefore, determining the factors affecting environmental
problems in China is an important issue for both the country
and the world as a whole.

Literature review

In the “Introduction” section, we mentioned various studies
that investigate the validity of the EKC hypothesis using CO2

emissions and the EF as a dependent variable. The number of
studies testing the EKC hypothesis is constantly increasing.
Since there are numerous studies examining the EKC hypoth-
esis, we focused only on specific literature. In our study, we
divided the literature section into two parts: (a) studies testing
the EKC hypothesis for China, and (b) studies testing the EKC
hypothesis by including the ECI in the analysis.

Environmental pollution and growth nexus studies
for China

Many researchers have investigated the validity of the EKC
hypothesis for China using quadratic and cubic models. Some
of the researchers found that the EKC hypothesis is valid for
China. For instance, Shen (2006) performed a simultaneous
equation model from 1993 to 2002, concluding that the EKC
hypothesis is valid for chemical oxygen demand, arsenic, and
cadmium emissions. The study also indicates a U-shaped
curve for SO2 and no relationship between dust fall and
economic growth. Jalil and Mahmud (2009) utilized the
ARDL approach from 1975 to 2005 to confirm the validity
of the EKC for CO2 emissions. Yin et al. (2015) used panel
data from 2000 to 2012 to demonstrate that the EKC hypoth-
esis is valid for CO2 emissions. Aslan and Gozbasi (2016)
employed a fully modified ordinary least squares (FMOLS)
and Granger causality test during the period between 1997 and
2013. They illustrated that the EKC hypothesis is valid for
CO2 emissions from transportation, solid, liquid, and gaseous
fuel consumption but that there is no inverted U-shaped rela-
tionship between income level and CO2 emissions from
residential buildings and commercial and public services,
manufacturing industries and construction, electricity and
heat production, and aggregate emissions. Hao et al. (2016)
used a spatial Durbin model for 29 Chinese provinces over the
period 1995–2012 and concluded that the EKC hypothesis is
valid for CO2 emissions. Li et al. (2016) employed panel data
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from 1996 to 2012 and verified the validity of the EKC
hypothesis in 28 Chinese provinces for CO2, industrial
wastewater, and industrial waste solid emissions. Wang
et al. (2016) applied stochastic impacts by regression on pop-
ulation, affluence, and technology (STIRPAT) model over the
period 1990–2012 and provided evidence in support of the
EKC hypothesis for SO2 emissions. Cheng et al. (2017) per-
formed a dynamic spatial panel model in 30 Chinese prov-
inces for the period of 1997–2004 and detected an inverted U-
shaped relationship between income level and CO2
emissions. Dong et al. (2017) utilized the Pedroni
cointegration test, FMOLS, and dynamic least square
(DOLS) estimators from 1995 to 2014 and demonstrated that
an inverted U-shaped relationship exists between income and
CO2 emissions. Wang et al. (2016) applied stochastic impacts
by regression on population, affluence, and technology
(STIRPAT) model over the period 1990–2012 and provided
evidence in support of the EKC hypothesis for SO2 emissions.
Cheng et al. (2017) performed a dynamic spatial panel model
in 30 Chinese provinces for the period of 1997–2004 and
detected an inverted U-shaped relationship between income
level and CO2 emissions. Dong et al. (2017) utilized the
Pedroni cointegration test, FMOLS, and dynamic least square
(DOLS) estimators from 1995 to 2014 and demonstrated that
an inverted U-shaped relationship exists between income and
CO2 emissions. Riti et al. (2017) used the ARDL approach,
impulse response, and variance decomposition analyses from
1970 to 2015 and verified the EKC hypothesis for CO2

emissions. Dong et al. (2018b) conducted the Bayer-Hanck
cointegration test, ARDL approach, and vector error correc-
tion model (VECM) over the period 1993–2016. They stated
that the EKC hypothesis is valid and that economic growth
will begin to decrease CO2 emissions by approximately 2028.

Zhang and Zhang (2018) employed the ARDL bounds test
over the period 1982–2016 and verified the validity of the
EKC for CO2 emissions. Chen et al. (2019a) performed the
ARDL approach and VECM from 1980 to 2014. The authors
included renewable energy production as an independent
variable in the analysis and found that the EKC hypothesis
is valid for CO2 emissions. Gokmenoglu et al. (2019) utilized
the ARDL bounds test and VECM from 1971 to 2014 to
conclude that the EKC hypothesis is valid for CO2

emissions. Zhao et al. (2020) utilized the generalized method
of moments for 30 Chinese provinces from 2005 to 2015 and
concluded that the EKC hypothesis is valid for CO2

emissions.
Contrary to these studies, the following research studies

reach the opposite outcome. Wang et al. (2011) utilized a
panel cointegration test and error correction model, covering
the period of 1995–2007 for 28 provinces in China. They
found a U-shaped relationship between CO2 emissions and
income level. Pao et al. (2012) used an improved grey model
from 1980 to 2009, finding that the estimated results cannot
support the EKC hypothesis for CO2 emissions. Yang et al.
(2015) used extreme bound analysis to investigate the rela-
tionship between seven pollution indicators (CO2, SO2, indus-
trial SO2, industrial wastewater, industrial smoke, industrial
gas, and industrial gas discharge), trade, foreign direct invest-
ment, population density, abatement expenditure, and income
level in 29 Chinese provinces over the period 1995–2010. The
authors determined that the EKC hypothesis is not valid and
that there is an increasing monotonic relationship between
economic growth and pollutants, such as CO2 emissions and
industrial gas. He et al. (2017) conducted the STIRPAT re-
gression model over the period 1995–2013 in 29 provinces of
China and concluded that the obtained results do not confirm
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the EKC relationship between income level and CO2

emissions. Liu et al. (2018) examined the relationship between
export diversification, income, and EF over the period 1990–
2013. They concluded that though the EKC hypothesis is
valid in Korea and Japan, it is not in China. Xu et al. (2018)
used a panel cointegration test and VECM for 29 Chinese
provinces, covering the period of 1985–2015, finding that
the EKC is not valid for SO2 emissions. Chen et al. (2019b)
used the Pedroni cointegration test and panel Granger causal-
ity test over the period 1995–2012. They indicated that the
EKC is not supported in the western and central regions for
CO2 emissions, while confirming the validity of the curve in
the eastern region. Gui et al. (2019) applied a spatial panel
model for 285 Chinese cities covering the period of 2006–
2015 and determined that the EKC hypothesis is not valid
for municipal solid waste generation. The authors also found
that economic growth deteriorates environmental quality.

Given the above literature, 15 studies determined that the
EKC hypothesis is valid, while the other eight were unable to
confirm it. For China, only Liu et al. (2018) tested the EKC
hypothesis using EF. In many studies, findings differ accord-
ing to the environmental pollution indicator used. Although
there are several studies in the literature testing the EKC hy-
pothesis for China, no consensus has been reached (Xu 2018).
To our knowledge, only two studies examined the EKC hy-
pothesis using linear models for China. In the first study,
Narayan and Narayan (2010) used the panel Pedroni
cointegration test for the Middle East, South Asia, Latin
America, East Asia, and Africa regions covering the period
of 1980–2004. They demonstrated that the EKC hypothesis is
not valid in China and approximately 65% of the sample for
CO2 emissions. In the second, Dong et al. (2018a) performed
the ARDL approach and VECM for China over the period
1965–2016. They verify the EKC hypothesis for CO2 emis-
sions. The findings of these two studies hence differ from each
other.

Economic complexity and environmental pollution
studies for various countries

Some studies in the literature examine the impact of economic
complexity on environmental pollution. In the first of these
studies, Can and Gozgor (2017) used DOLS covering the
period of 1964–2014. They proposed that EC increases CO2

emissions, while economic complexity suppresses environ-
mental pollution. The findings of this study confirmed the
validity of the EKC hypothesis for France. Moreover,
Dogan et al. (2019) applied a panel quantile regression ap-
proach for 55 countries over the period 1971–2014. They
indicated that the EKC hypothesis is valid in high-income
countries, while there is a U-shaped relationship between
CO2 emissions and economic growth in higher-middle-
income and lower-middle-income countries. They also

concluded that economic complexity stimulates environmen-
tal degradation in lower- and higher-middle-income countries,
while it mitigates CO2 emissions in high-income countries.
Lapatinas et al. (2019) performed fixed-effects two-stage least
squares from 2002 to 2012. They concluded that economic
complexity declines overall environmental pollution while
stimulating particular air quality indicators such as CO2

emissions and fine particular matter. Their results also
indicated that the EKC hypothesis is valid for 88 developing
and developed countries. Neagu (2019) used cointegrating
polynomial regression, panel FMOLS, and DOLS estimators
for 25 selected European Union (EU) countries from 1995 to
2017, discovering an inverted U-shaped relationship between
economic complexity and CO2 emissions for the whole panel
and Belgium, France, Finland, Italy, Sweden, and the UK.
Neagu and Teodoru (2019) utilized the Pedroni cointegration
test, FMOLS, and DOLS estimators for 25 EU countries over
the period 1995–2016. According to the study’s results, the
increase in economic complexity raises greenhouse gas emis-
sions in EU countries with both low and high economic
complexity. Swart and Brinkmann (2020) used the first differ-
ences and fixed effect estimators from 2002 to 2014, demon-
strating that economic complexity increases forest fires while
decreasing waste generation. They also claimed that economic
complexity has no impact on deforestation and air pollution in
Brazil. The results of this study support the validity of the
EKC hypothesis for waste generation and deforestation.

The impact of the ECI on environmental degradation can
vary depending on the country or country groups studied and
pollution indicators examined. None of the above studies have
analyzed the effects of the ECI on environmental pollution in
China. In addition, none investigate the impact of economic
complexity on the EF. Hence, this study aims to fill these gaps
in the current literature using the newly developed Fourier
ARDL procedure.

Data and econometric methodology

In this study, in order to test the EKC hypothesis for China
over the period 1965–2016, we used the following model:

lnEFt ¼ β1 þ β2lnGDPt þ β3lnECt þ β4lnECIt þ ut ð1Þ

where EF, GDP, EC, and ECI indicate per capita EF (gha),
per capita GDP (constant 2010 USD), per capita EC
(gigajoule), and ECI respectively. We compiled the data from
four different sources. The EF data are obtained from the
Global Footprint Network (2019); the GDP data are derived
from World Development Indicators (World Bank 2020); the
EC data are extracted from British Petroleum Statistical
Review of World Energy (BP 2019); and the ECI data are
collected from OEC (2020). Because China is a developing
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country, we expect the coefficient of ECI (β3) to be positive.
Using the logarithmic form of the variables, we aimed to cal-
culate elasticity and reduce heteroskedasticity problem.

Figure 2 presents the level values of the logarithmic vari-
ables on the right vertical axis and the first differenced values
of these variables on the left vertical axis. The levels of per
capita EF, per capita real GDP, and per capita EC have sig-
nificantly increased over time. Moreover, it is also evident that
the ECI increased from 1994 to 2014, while it decreased
sharply from 2014 to 2015. While the level values of the
variables have an increasing or decreasing trend, the first
differenced values of the variables are almost horizontal with
constant variance.

After examining the distribution of the variables, we tested
the relationship in Eq. (1) using a bootstrap ARDL bounds test
with a fractional Fourier frequency (FARDL) developed by
Yilanci et al. (2020). The FARDL cointegration test has sev-
eral attractive properties. Firstly, the regressors can be either
I(0) or I(1); secondly, the test allows endogenous structural
breaks; thirdly, the FARDL procedure can also provide effec-
tive and reliable results in small samples.

We can rewrite Eq. (1) in an unrestricted error correction
representation, as in Eq. (2), to apply the FARDL test:

ΔLEFt ¼ d tð Þ þ β2LEFt−1 þ β3LGDPt−1 þ β4LECt−1 þ β5LECIt−1 þ
∑p

i¼1α
0
iΔLEFt−i þ ∑q

i¼0δ
0
iΔLGDPt−i þ ∑w

i¼0φ
0
iΔLECt−i þ

þ∑v
i¼0ϕ

0
iΔLECIt−i þ et

ð2Þ

whereΔ and p are the first difference operator and lag length
respectively. d(t) is a deterministic term that can be defined as

d tð Þ ¼ β0 þ γ1sin
2πkt
T

� �
þ γ2cos

2πkt
T

� �
or d tð Þ

¼ β0 þ β1t þ γ1sin
2πkt
T

� �
þ γ2cos

2πkt
T

� �

where π = 3.1416, k is a particular frequency that is employed
for approximating structural breaks, and t and T show the
trend term and sample size respectively. We used a Fourier
approximation as the function can capture an unknown num-
ber of breaks of both gradual and sharp structural changes.We
determined optimal lag lengths and value of k that is in the
interval k = [0.1,…, 5], employing Akaike Information
Criteria (AIC). According to Christopoulos and Leon-
Ledesma (2011), integer frequencies are useful for temporary
breaks, while fractional frequencies imply permanent breaks.

Following Pesaran et al. (2001) and McNown et al. (2018),
we tested the null hypothesis of no cointegration relationship
using F test (FA), t test (t), and F test (FB), as in Eq. (3).

H0A : β1 ¼ β2 ¼ β3 ¼ 0; H0t : β1 ¼ 0; H0B : β2

¼ β3 ¼ 0: ð3Þ

Testing results of FA, FB, and t produced four different
cases:

& Case 1: Cointegration occurs when FA, FB, and t are
significant.

& Case 2: No cointegration occurs when FA,FB, and t are
insignificant.

& Case 3: Degenerate case #1 occurs when FA and FB are
significant but t is not significant.

& Case 4: Degenerate case #2 occurs when FA and t are
significant but FB is not significant.

All cases except case 1 imply that there is no cointegration
among the variables. Since the critical values are computed
using bootstrap simulations, they are based on the specific
integration properties of the empirical data; thus, the possibil-
ity of inconclusion about the hypotheses using traditional
ARDL bounds test is eliminated. In contrast, the performance
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of the bootstrap test is better in terms of power and size than
the asymptotic test (e.g., the ARDL bounds test), as described
by McNown et al. (2018).

Empirical results and discussion

The FARDL bounds testing procedure cannot be used when
any of the variables included in the analysis are stationary at
the second difference (i.e., I[2]). On the other hand, the time-
varying causality test is sensitive to the optimal lag length,
which varies according to the order of integration of the var-
iables. Therefore, the first step of our analysis was to deter-
mine the integration levels of the variables using several unit
root tests and tabulate the test results in Table 3 (see
Appendix). The results of the unit root test provided the sta-
tionarity condition of the FARDL bounds test. We then tested
the long-term relationship between the variables using the
FARDL test and presented the results in Table 1.

The results of the FARDL test show that the optimal fre-
quency is 3.5, which is evidence of a permanent break in the
cointegration relationship. Moreover, all the test statistics are
larger than the bootstrap critical values at the traditional levels,
so we conclude that there is a long-term relationship among
the variables. We present the long- and short-term estimation
results in Table 2.

The long-term coefficients indicate that a 1% increase in
GDP also creates a 0.06% increase in environmental pollu-
tion. Concurrently, EC and ECI have a positive effect on EF.
A 1% increase in EC and ECI increases EF by 0.47% and
0.15% respectively. The EC is the most important factor that
increases EF. The outcome of the positive impact of EC on
pollution in China is in line with the findings of Jalil and
Mahmud (2009), Wang et al. (2011), Pao et al. (2012), Li
et al. (2016), Riti et al. (2017), and Gokmenoglu et al.
(2019). Although China is the world’s largest renewable en-
ergy consumer, coal consumption in the country is quite high.
In addition, China’s energy efficiency is very low (Feng et al.
2018). For these reasons, China’s primary EC continues to
increase environmental pressure. To reduce the negative ef-
fects of EC on the environment, the Chinese government

needs to implement a more comprehensive and environmen-
tally friendly energy policy than the current one.

The result that economic complexity increases environ-
mental degradation is consistent with the findings of Dogan
et al. (2019) for CO2 emissions in lower- and higher-middle-
income countries, Lapatinas et al. (2019) for CO2 emissions
and fine particular matter in 88 countries, Neagu and Teodoru
(2019) for greenhouse gas emissions in European countries
with both low and high economic complexity, and Swart
and Brinkmann (2020) for forest fires in Brazil. This finding
shows that China produces and exports products that cause
environmental pollution. The country has not yet used
pollution-reducing technologies adequately in the production
of export goods that require high levels of knowledge and
skills. At the same time, China has become a pollution haven
for many developed countries. Developed countries realize
the production process of many consumer goods in China
due to cheap labor. In the production process of advanced
and complex products, excessive use of natural resources
takes place, and thus EF increases. Because of all these rea-
sons, China should consider economic complexity as a crite-
rion while creating environmental policies.

After investigating the long-term findings, we estimated
the error correction model that is based on the FARDL proce-
dure to obtain short-term coefficients. The results show that
while GDP has a decreasing effect on the short term, EC and
ECI have a positive effect on the EF. The coefficient of error
correction term (ECT) is found as statistically significant and
has a negative value that indicates a deviation from the long-
term equilibrium will be corrected. The results demonstrate
that the short-term coefficient of GDP is smaller than the
long-term. This indicates that the EKC hypothesis is not valid
for China, because economic growth increases the environ-
mental quality in the short-term while it stimulates the EF in
the long-term. These findings do not support the results of Can
and Gozgor (2017), who examine the relationship between the
ECI and environmental pollution for the first time. The au-
thors state that the economic complexity mitigates CO2 emis-
sions in France. However, it is important to acknowledge that
the environmental pollution indicator and country examined
by the authors are different from our study. Therefore, the
differences in findings are not surprising. Our results also
differ from the findings of Dong et al. (2018a), who argue that
the short-term coefficient of GDP in China is higher than the
long-term coefficient. Moreover, Narayan and Narayan
(2010) illustrate that the EKC hypothesis is invalid for
China. However, the authors determined that the GDP coeffi-
cient is positive in both periods. In our findings, although the
EKC hypothesis is not valid, the short-term coefficient of
GDP is negative and therefore differs from the results of
Narayan and Narayan (2010).

Finally, we applied the bootstrap causality test of Hacker
and Hatemi (2006) in a time-varying form to see instabilities

Table 1 Bootstrap FARDL cointegration test results

Selected model k AIC

FARDL (1, 1, 3, 2) 3.5 − 5.294703

Test statistics Bootstrap critical values

0.90 0.95 0.99

FA 4.126** 2.789 3.502 5.126

t − 2.686** − 1.955 − 2.356 − 3.257

FB 5.359** 2.864 3.629 5.544

**Indicates significance at 5% level
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in the causality relationship over time. There are two main
advantages to using this test over the alternatives: it is not
necessary to take differences of the variables if they have a
unit root, and the test does not necessitate to test the
cointegration relationship prior to the causality testing. By
employing this test in a time-varying manner, we can reveal
dates in which causality relationship exists. In the following
figures, the solid line that is drawn parallel to the bottom axis
shows the threshold line. The values that are above this line
indicate the non-rejection of the null hypothesis of no causal-
ity exists.

We tested the causality relationship between the EF and the
GDP, and Fig. 3 provides the results. The dashed line indi-
cates the test statistics that are used for testing the null hypoth-
esis that causality runs from the GDP to the EF. The solid line
(i.e., black with squares) illustrates the statistics that are com-
puted for testing the null hypothesis that no causality exists
from the EF to the EC. The results reveal that there exists a
causality relationship from GDP to EF in 1997–1999 and
2004–2005, while reverse causality exists from EF to GDP
in 1981 and 2014. Moreover, Fig. 3 demonstrates that the
causality relationship from EF to GDP has increased twice

and peaked and then decreased. Since this causality relation-
ship has reached the top point twice and then decreased, there
is no threshold income level. It has been proven that, for
China, there is no inverted U-shaped relationship between
EF and GDP. Therefore, the findings of the causality test also
imply that the EKC hypothesis is not valid in China.

We next tested the causality relationship between EF and
EC; the results of which are provided in Fig. 4.

These results display that there exists causality from EC to
EF in 1979, 1984, 1991, 1999–2009, and 2016, while the
reverse causality relationship is valid for the periods 1992–
1996, 2002–2005, and 2015–2016. The causality relationship
from EF to EC is limited. Meanwhile, the causality relation-
ship from EC to EF is found in approximately 30% of the
sample period. This demonstrates that China’s primary EC
has caused significant environmental degradation. Moreover,
the bidirectional causality relationship between EF and EC in
2016 indicates that human pressures on the environment have
an impact on EC decisions and that EC has caused environ-
mental degradation in recent years. The following figure con-
sists of the test statistics for the causality relationship between
EF and ECI.

Table 2 Long- and short-term
estimation results Variables Coefficients p value Variables Coefficients p value

Panel a Long-term coefficient based on FARDL procedure

GDP 0.060* 0.003 ECI 0.157* 0.000

EC 0.477* 0.000 Constant − 1.487* 0.000

Panel b Short-term estimation based on error correction model with a Fourier function

ΔLGDPt − 0.142*** 0.059 ΔLECIt − 1 − 0.068* 0.008

ΔLGDPt − 1 − 0.112** 0.048 ΔLECIt − 2 − 0.137* 0.001

ΔLECt 0.660* 0.000 γ1cos 0.024* 0.000

ΔLECIt 0.066* 0.004 γ1sin 0.018* 0.001

ECTt−1 − 0.832* 0.000

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

Fig. 3 The causality results between GDP and EF Fig. 4 The causality results between energy consumption and EF
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Figure 5 illustrates that causality runs from ECI to EF in
1981–1987, 2006, and 2008–2011, while a causality exists
from EF to ECI in 1982–1983, 1985, 1999, and 2001. These
findings reveal that the ECI is effective in the increase of EF.

Conclusions and policy recommendations

In this empirical study, the relationships between per capita
EF, per capita real GDP, per capita EC, and ECI in China
are investigated by recent time series methods, including
FARDL bounds testing procedure and time-varying cau-
sality test. The FARDL test outcomes demonstrate that
all independent variables have a long-term relationship
with EF in China. The negative and statistically significant
coefficient of the ECT also confirms the cointegration re-
lationship. The long-term coefficients indicate that eco-
nomic complexity, EC, and economic growth impede en-
vironmental quality. Moreover, the short-term coefficients
illustrate that increasing economic complexity and EC in-
creases EF, whereas economic growth has a reducing effect
on environmental pressure. According to the results of the
FARDL model, the per capita real income elasticity has
risen from − 0.142 in the short term to 0.060 in the long
term. The positive long-term income elasticity and nega-
tive short-term income elasticity do not support the validity
of the EKC hypothesis. These findings prove that as eco-
nomic growth increases in China, environmental pollution
continues to increase in the long-term, and, therefore, eco-
nomic development is not a solution for environmental
problems. This empirical evidence also indicates that nat-
ural resources are used excessively and inefficiently in the
process of economic growth. Overconsumption and ineffi-
cient use of natural resources is a sign that China’s eco-
nomic development model is not sustainable. China thus
must take various measures to protect natural resources and

provide a cleaner environment alongside its economic
growth. For instance, the Chinese government could pro-
vide tax exemptions and low-interest credits to companies
that use natural resources effectively. In addition,
policymakers could expand the share of research and de-
velopment of clean technologies in national income and
give innovative subsidies to environmental firms.

Regarding other independent variables, the long-term
estimates indicate that EC and economic complexity in-
crease EF. Moreover, the results of the time-varying cau-
sality test demonstrate that EC and economic complexity
cause environmental pollution in certain periods. As a re-
sult, these two variables stimulate increasing human-
environmental pressure. According to the World Bank
(2020) data, fossil fuels made up 84.4% of China’s total
EC in 2014. Renewable EC in China is low compared to
fossil fuels. Since fossil fuel use significantly increases en-
vironmental pollution, the Chinese government needs to
implement policies that increase energy efficiency and en-
courage the use of cleaner energy sources. Energy efficien-
cy can be increased by using new energy-saving technolo-
gies. Moreover, the share of fossil fuel-based EC within
total EC could be reduced by decreasing energy intensity
and providing renewable energy substitutions. To improve
environmental quality, policymakers should implement en-
ergy conservation policies in China. In addition, environ-
mental awareness-raising programs carried out by various
organizations should be financially supported to reduce hu-
man pressure on the environment. In regard to economic
complexity, it is evident that China’s heavy industry pro-
duction increases environmental pollution. As a developing
country, China consumes more natural resources and in-
creases environmental pollution when it produces more
complex and informed products. Economic growth and
greater exports take precedence over environmental con-
cerns for China. Environmental laws applied to export com-
panies in China are more flexible than in developed coun-
tries. Although China has high growth rates, its economic
complexity lags behind many high-income countries. It can
thus be said that the current economic complexity in China
does not encourage environmentally friendly technologies.
Hence, economic complexity increases China’s EF. In or-
der to reduce the EF, the export process should be carried
out with more environmentally friendly and technological
methods. Additionally, the Chinese government should in-
crease investments and expenses on pollution abatement
programs to reduce China’s EF.

Finally, this study provides two main research opportuni-
ties. In future research, the validity of the EKC hypothesis can
be tested for more economically complex countries using the
FARDL approach. In addition, the effects of the economic
complexity on environmental pollution can be investigated
for Chinese provinces.

Fig. 5 The causality results between economic complexity and EF
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