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The economic complexity index is an effective dimensionality reduction tool that is applied to forecast and predict future
economic growth, income, and environmental quality. Renewable energy plays an important role in mitigation of carbon
dioxide emissions. This study explores the nexus between economic complexity, renewable energy, FDI, trade, and
environmental quality in Japan for the period 1970Q1-2019Q4. We use carbon dioxide (CO2) emissions as dependent variable
while economic complexity index (ECI), foreign direct investment (FDI) inflow, renewable energy (RNE), and trade as
explanatory variables. This study applies a quantile autoaggressive approach for analysis; the result of this study suggests a
long-run implication of the ECI, FDI, GDP, RNE, and trade for the CO2 emissions. While only RNE and trade show mixed
results in the short run, the rest of the variables do not have short-run implications. This implies that emissions mostly result
in the industrial production activities only in the long run and in some quantiles only in the short run. The Japanese
government may adopt different measures to reduce the CO2 emissions in the country, such as carbon tax and tax exemption
on renewable energy investment. Furthermore, the government may adopt the renewal energy in production, which could
achieve sustainable development goal.

1. Introduction

Environmental pollution, climate change, and CO2 emis-
sions are major risk that humanity faces over the decades.
These are urgent issues for the world, and it needs serious
attention. Rapid development and growth across the globe
have a greater impact on environmental pollution. The
increase in greenhouse emissions leads to global warming
which is the main threat to humanity. The main reason for
global warming is environmental degradation which is
reported by United Nations [1]. According to OECD (Orga-
nization for Economic Co-operation and Development) by

2050, greenhouse emission is projected to increase up to
50% due to growth in 70% energy-related CO2 emission.
Furthermore, the atmospheric concentration is projected to
increase up to 685 parts per million CO2 emissions. Envi-
ronmental pollution is defined as the destruction of ecosys-
tem, waning the environment by resource depletion such
as water, air, and soil; and these are measured by CO2 emis-
sions in most studies. The increase in CO2 emissions has
greater impact on health-related issues; also, global warming
is the main cause of natural disaster [2]. According to Can
et al. [3], due to rise in global warming, the chance of natural
disaster is more such as ozone depletion, sea level rising, and
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heavy storm. With the increase in emissions, many health-
related issues also raise like premature death, lung tissue rap-
tures, cardiac diseases, and bronchitis.

Keen focus on environmental issues leads to imitation
on international level by many countries such as Kyoto Pro-
tocol and the Paris Accord to combat against the climate
change and greenhouse gases. In December 2015, the land-
marks were set at Paris Accord to keep the temperature level
increase below 2°C above the preindustrialization and make
sure to maintain it at 1.5°C [4]. The Kyoto Protocol and the
Paris climate agreement have given countries important
obligations in the fight against climate change. In the Kyoto
Protocol, countries are divided into Annex 1 and Annex 2
according to their level of development. Annex 2 is a subset
of Annex 1. Japan is among the Annex 2 countries with the
highest liability. Annex 2 countries have serious responsibil-
ities on issues such as technology transfer and reducing
greenhouse gases. In addition, these countries should use
green taxes as a fiscal policy tool. Japan is the fourth leading
importer in terms of coal and petroleum and leading in liq-
uefied natural gases. According to the World Bank [5], Japan
is the 3rd biggest economy with a total GDP of US $4.872
trillion in 2018. Also, in greenhouse gas emission, Japan is
on the 7th largest in the world. In 2011, due to Fukushima
nuclear crisis, its decarbonization efforts were postponed.
Japan’s future plan is to install large number of coal power
plants in order to cut the greenhouse gases by 26% below
the 2013 levels by the end of 2030 as shown in Figure 1
[6]. Japanese government promotes 3R initiative to reduce
pollution which encourages citizen and business to pay
attention to impotence of reducing, reusing, and recycling
waste. The recycling rate increased over 80% while recycling
rate of Japan total waste over the past decades remained low
up to 20% [7].

The complexity index was originally proposed by
Hidalgo and Hausmann [8] and Hausmann et al. [9]. It is
based on the method to analyze the structural properties of
the mutual trade network of the world to explain the income
per capita gap across the countries. They apply this process

for useful explanation of the country performance by mea-
suring complexity indices of the countries across the globe
and their export products from mutual trade between coun-
tries. According to Hausmann et al. [10], “economic com-
plexity reflects the amount of knowledge that is embedded
in the productive structure of an economy.” The ECI (eco-
nomic complexity index) is used for the prediction and
explanation of future growth, income, and GHG emissions.
Japan in 2019 ranks 4th in total exports while 5th in terms
of imports across the globe; with respect to income per
capita, its economy ranks 27th in the world. Japan makes sig-
nificant contribution in the economic growth and reduces
the income inequality and greenhouse gas emissions.
Whereas its economy is ranked number 1 by ECI, Japan over
the past two decades remains on top in economic complexity
index.

In the prevailing literature, most of the scholars focus on
the CO2 emission determinants which are considered as
threats by the United Nations to the world. For example,
many studies explored the effect of renewable energy
[11–14], foreign direct investment inflow [15–17], economic
complexity [18–20], trade [21–23], and income [24, 25]. In
the field of environmental economics, many scientists inves-
tigated the various impacts of independent variables on CO2
emission. They used different independent variables such as
foreign direct investment, economic growth, trade openness,
urbanizations, tourism, and financial development to check
their impact on CO2 emissions.

In the era of technology, international trade across the
globe increases tremendously, and that is linked with
income, growth, CO2 emissions, and energy consumptions.
The higher the trade, the higher will be the production; that
means, more consumption of energy and more trade lead to
more greenhouse emissions. Looking into the facts, trade is
one of the important variables that have greater impact on
income, energy, and CO2 emissions [13]. In literature, there
is a well-established link between renewable energy and CO2
emission, and it is consistent with decreasing effect of renew-
able energy and consumption over CO2 emissions [14].
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Figure 1: Japan clean energy strategy. Source: clean energy strategy to achieve carbon neutrality by 2050.
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According to Shahzad et al. [26], the expected renewable
energy will reach 21% by 2030 of total energy consumption.
There is a significant and positive effect of FDI inflow in CO2
emissions but relatively small [27]. After the 2011 Fukush-
ima nuclear disaster, Japan starts to use fossil fuels, and the
Japanese government took some serious measures to reduce
CO2 and reduce greenhouse gas emission below 2013 level
by 2030 [28]. Figure 2 shows that there is downward trend
in Japan contribution to global CO2 emission; as in 2012, it
was 3.67% while in 2021, it reduced to 2.77% of global
CO2 [28]. Azhgaliyeva et al. [29] and Abu-Rumman et al.
[30] found that tax exemption or reduction on renewable
energy investments improves renewable energy production.
Japan may boost the renewable energy production by follow-
ing the tax incentive strategies. Despite the mixed and
unclear results in previous studies, further research is
required to investigate the linkage of economic complexity,
income, FDI inflow, and renewable energy.

In this research, we aim to analyze the relationship
between CO2 emission and economic complexity, renewable
energy, income, trade, and foreign direct investment
inflow in Japan for the period of 1965-2019. This study
is aimed at offering answers to the following questions
via more accurate and extensive empirical studies: Does
ECI truly matter for environmental quality? How to deal
with environmental issues by using ECI? To achieve sus-
tainable development goal, these questions are very crucial
to answer. The results of this study would further assist
policymakers in understanding weather economic com-
plexity has an impact on CO2 emissions, by applying
innovative econometric approach to examine the relation-
ship between ECI, renewable energy, FDI inflow, and trade
for Japan. Japan plays a substantial role in fostering eco-
nomic growth, mitigating income inequality, and curbing
greenhouse gas emissions. According to the economic
complexity index (ECI), Japan has achieved the top rank-
ing in ECI. Japan has consistently maintained its position
at the forefront of the economic complexity index over

the course of the last two decades. Therefore, it is essential
to analyze the relationship between ECI, environmental
quality, and renewable energy.

Our study enhances existing literature in three signifi-
cant ways. Firstly, our research diverges from prior studies
by utilizing the economic complexity index, renewable
energy, income, trade, and FDI inflow to examine potential
variations in CO2 emissions for Japan. We chose Japan due
to its consistent ranking as number one in the economic
complexity index (ECI) over the past two decades. Secondly,
previous literature such as Ikram et al. [31] investigated the
ecological footprint and its impact on Japan’s economic
complexity index. Their findings suggest that the quantile
Granger causality shows bidirectional causality between eco-
nomic development, economic complexity, and ecological
footprint in low and high quantiles. In addition, in the short
and long terms, QARDL shows asymmetric positive rela-
tionship between economic growth and the environment.
Adedoyin et al. [32] also examine the case of Japan for eco-
nomic complexity with renewable and nonrenewable energy,
and they concluded that renewable energy and CO2 emissions
have significant positive relationship. Thirdly, numerous
authors have previously explored and examined the impact
of renewable energy, income, FDI, and trade on CO2 emis-
sions using various econometric techniques such as ARDL,
nonlinear ARDL, fully modified OLS (FMOLS), and dynamic
DOLS. Our study adopts the QARDL method, which signifi-
cantly differs from earlier methods in several aspects. Firstly,
the QARDL approach offers a more appropriate econometric
framework for examining the relationships under investiga-
tion and enables testing the consistency of these relationships
across quantiles. Although the linear ARDL model shares
some similarities with the QARDL model, the latter holds
the advantage of better identifying potential irregularities
on how environmental quality responds to the influence
of the economic complexity index, foreign direct invest-
ment inflow, GDP, trade, and renewable energy under var-
ious conditions.
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Figure 2: Japan % contribution towards global CO2 emissions. Source: BP Statistical Review of World Energy [28].
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The rest of the paper explains this as the second part of
the study provides some overview of the literature, and the
data and methodology are explained in the third part,
whereas the fourth part of the study is about results and dis-
cussion of the analysis. The fifth and final part is about the
conclusion with policy recommendations and limitations.

2. Literature Review

There are many papers in the literature that try to explore
the linkage between CO2 emissions, economic growth,
renewable energy, FDI, and trade across the globe using dif-
ferent econometric techniques, but their results are incon-
clusive. However, the focus of this study is to investigate
and review the relevant papers related to the desired
variables.

2.1. Economic Complexity Index (ECI): Environmental
Quality. There is a significant relationship that exists
between environment and complexity index. Mealy and
Teytelboym [33] and Romero and Gramkow [20] provide
evidence that economic complexity index significantly
reduces CO2 emissions as well as improves environmental
performance too. The association between environment
and economic complexity started from the evolution of all
economic structure factors; such that at the beginning, eco-
nomic complexity index and production play the main role
in affecting the environment, but later, with the advance-
ment of technology in production, it is more environmen-
tally friendly. Therefore, economic complexity reduces
energy consumption which leads to less CO2 emissions
[34]. Martins et al. [35] investigate the top 7 economic com-
plexity index countries and found that ECI increases CO2
emission. Abbasi et al. [36] and Ahmed et al. [37] suggested
that ECI and environmental quality show positive associa-
tions for various countries. Similarly, the findings of Swart
and Brinkmann [38] and Neagu [19] also support that ECI
improves the environmental quality both in Brazil and the
European Union economies, respectively. Doğan et al. [18]
indicate the effect of economic complexity as a knowledge
base production on CO2 emissions for 55 countries for a
time span of 45 years. They stated that economic complexity
has had a significant impact on CO2 emissions. Further-
more, economic complexity has different effects with respect
to their income basis.

2.2. Foreign Direct Investment and Trade: Environmental
Quality. The role of foreign direct investment (FDI) inflows
affects economic growth and environmental pollution.
According to Naughton [39], FDI inflow in countries with
weak environmental regulations increases environmental
pollution in the host country. Similarly, Rezza’s [40] findings
also suggest that FDI inflows increase the output of the
country, but it also leads to an increase in environmental
pollution. On the contrary, the impact of FDI on CO2 emis-
sion for major developed countries in the perspective debate
in the Post-Paris Agreement (COP21) on curbing CO2 emis-
sions was investigated by Nguyen et al. [41], and they found
that FDI has a negative and weak effect on CO2 emissions.

Paramati et al. [42] study the effect of FDI, income per
capita, and green technology on CO2 emissions for OCED
countries and found that FDI inflow and trade openness
significantly reduce the CO2 emissions. There are mixed
findings about the role of FDI in literature. Some studies
found a positive impact of FDI on environmental pollu-
tion such as Al-Mulali and Tang [43] and Jiang et al.
[44]. On the other hand, findings of some studies are that
FDI flows increase CO2 emission, e.g., Tang and Tan [45],
Abdouli and Hammami [46], and Nasir et al. [47],
whereas some scholars found that there are insignificant
and inconclusive results between both variables, e.g., Lee
[48] and Zhu et al. [49]. In conclusion, the contradiction
of empirical findings mainly arises due to the use of differ-
ent factors such as trade and income in the model, and it
depends upon the channel to be investigated and the
nexus between both variables.

2.3. Income: Environmental Quality. CO2 emission has a
rapid increase in low- and middle-income countries due to
economic development; for example, China is on the top
in carbon-emitting countries followed by the US, India, Rus-
sia, Brazil, Japan, and Canada because of high energy
demand and growing income [50]. Environmental Kuznets
curve (EKC) shows that there is linkage between economic
developments and CO2 emission at certain level of income,
but with renewable energy and efficient technology, the
CO2 emission can be decreased at specified level. A casual
association between carbon dioxide, trade openness, and
income was investigated for the European Union (EU)
member and found that there is evidence of inverted U-
shaped link between environment an income [24]. In empir-
ical studies, there are various types of relationship among
CO2 emissions and income. Many scholars found that there
is unidirectional relationship between them such as Uddin
et al. [51], Hossain [52], and Shahbaz et al. [23]. They found
unidirectional link for CO2 emissions and income for Sri
Lanka, Japan, and Indonesia, respectively, while some
researchers found that economic growth and energy con-
sumption lead to increase in CO2 emissions, such as
Balsalobre-Lorente et al. [53] and Ahmed et al. [54]. Lee
and Lee [55] examined the stationary effect of income and
CO2 emission for 109 countries and divided into seven
regions over the period of 1971-2003. They found that
CO2 emissions and income show mixture of I(0) and I(1)
processes, and furthermore, due to different order of integra-
tion between CO2 and income, results have critical implica-
tions for modeling both variables. Aydin et al. [56] examined
the multifactor productivity, research and development
expenditure, and renewable energy consumption on eco-
logical footprint in G7 countries and concluded that the
implementation of policies targeting the expansion of
renewable energy sources and the allocation of resources
towards research and development in G7 nations will yield
favorable outcomes for the environment. Degirmenci and
Aydin [57] examine the effects of environmental taxes on
environmental pollution and unemployment for selected
African countries and concluded that environmental tax
improves pollution.
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2.4. Renewable Energy: Environmental Quality. Renewable
energy has great importance due to its less and limited
impact on environment and atmosphere with respect to fos-
sil and other nonrenewable energy sources [26, 58]. Accord-
ing to Wang et al. [14], the top ten renewable generating
countries significantly reduce CO2 emissions in the long
run. According to Apergis et al. [59] for sub-Saharan African
countries, renewable energy mitigates CO2 emission in the
long run, but in the short run, it shows bidirectional causal-
ity. Kahia et al. [60] and Raza and Shah [61] suggested that
renewable energy consumption has great contribution in
reduction in CO2 emission in MENA and G7 countries. A
bunch of literature on the dynamic linkage between renew-
able energy consumption, growth, and CO2 emissions is
mixed. Rahman and Vu [13] studied the relationship
between renewable energy consumptions and CO2 emission
for Australia and Canada and found that renewable energy
significantly decreases CO2 emission. There is casual rela-
tionship between energy consumption and CO2 emissions
in the long run for India [62]. CO2 emissions have impact
on renewable energy for 12 MENA countries, there is unidi-
rectional causality in the long run, and CO2 emission has
significant effect on energy consumptions [63]. There is
casual relationship between the dynamic effect of renewable
energy consumption and environmental degradation for
Tunisia. Bekun [64] and Quito et al. [65] examine the rela-
tionship between renewable energy and CO2 emissions and
suggest a negative relationship between CO2 emissions and
renewable energy. The impact of economic complexity and
renewable and nonrenewable energy consumption using
environmental Kuznets curve (EKC) hypothesis for the
USA was examined by Pata [66]. The author found that
renewable energy plays dominant role in reducing CO2
emissions and environmental pollution. Bekun et al. [67]
also suggest a negative relationship between renewable
energy and CO2 emissions. Overall, renewable energy is
one of the main sources of reducing CO2 emissions.

3. Methodology

To examine the relationship between economic complexity
index (ECI), trade, FDI inflow, renewable energy, and envi-
ronmental quality, QARDL (quantile autoregressive distrib-
uted lag) was recently developed and introduced by Cho
et al. [68].

The empirical analysis was conducted using the quantile
autoregressive distributed lag method. This methodology
explains the potential asymmetry in the relationship
between one variable and another variable across various
quantiles. The QARDL methodology is favored due to its
ability to provide detailed information for different quan-
tiles, which is lacking in conventional OLS and linear ARDL
techniques that are based on conditional mean. As a result,
the quantile autoregressive distributed lag (QARDL) model
yields diverse outcomes across these quantiles.

TheQARDLmodel is capable to analyze the effect of long-
term equilibrium of economic complexity index, FDI inflow,
renewable energy, and export basket on environmental qual-
ity of Japan using different quantiles. We also use the Wald

test, which verifies the consistency of integrating coefficients
across quantiles, to analyze the time-varying integration
between the variables [69]. Here is how the standard ARDL
model for analyzing cointegration between variables is set up:

CO2,t = α + 〠
p

i=1
ϕiCO2t−i + 〠

q1

i=0
ωiECIt−i + 〠

q2

i=0
λiFDIt−i

+ 〠
q3

i=0
θiGDPt−i + 〠

q4

i=0
ϑtTradet−i + 〠

q5

i=0
μtRNEt−i + ϵt:

ð1Þ

The error term ϵt is shown as CO2t − E½CO2,t/Ft−1�.
The σ − field is the smallest Ft−1 generated by fECIt ,
FDIt , GDPt , Tradet , RNEt , CO2,t−1, FDIt−i, GDPt−i, Tradet−i,
RNEt−i ⋯ :g. To select the optimum log orders, we used
the Schwarz information criterion (SIC) in the equation,
that is, p, q1, q2, and q3. Equation (1) shows that ECIt ,
FDIt , GDPt , Tradet , and RNEt are the log of economic
complexity index, foreign direct investment inflow, GDP
per capita, trade percentage of GDP, and renewable energy
of Japan, respectively, whereas CO2,t shows the logarithm
of environmental quality for Japan. The extended and
rewise form of equation (1) by Cho et al. [68] to the basic
QARDL (p, q) model is shown as

QCO2,t = α τð Þ + 〠
p

i=1
ϕi τð ÞCO2t−i + 〠

q1

i=0
ωi τð ÞECIt−i

+ 〠
q2

i=0
λi τð ÞFDIt−i + 〠

q3

i=0
θi τð ÞGDPt−i

+ 〠
q4

i=1
ϑi τð ÞTradet−i + 〠

q4

i=1
μi τð ÞRNEt−i + ϵt τð Þ,

ð2Þ

where ϵtðτÞ = CO2,t −QCO2,tðτ/Ft−1Þ and QCO2,tðτ/F
ðt − 1Þ Þ is defined as the τth quantile of CO2,t conditional
on the information set Ft−1 [70]. To analyze the QARDL,
equation (2) can be rearranged as follows:

QCO2,t
= α τð Þ + 〠

q1−1

i=1
δECIi τð ÞΔECIt−1 + γECI τð ÞECIt

+ 〠
q2−1

i=1
δFDIi τð ÞΔFDIt−i + γFDI τð ÞFDIt

+ 〠
q3−1

i=0
δGDP τð ÞΔGDPt−1 + γGDP τð ÞGDPt

+ 〠
q4−1

i=0
δTrade τð ÞΔTradet−1 + γTrade τð ÞTradet

+ 〠
q3−1

i=0
δRNE τð ÞΔRNEt−1 + γRNE τð ÞRNEt + ϵt τð Þ,

ð3Þ
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where ðτÞ =∑q1
i=0ωiðτÞ, δECIt ðτÞ = −∑qi

j=i+1ωiðτÞ, γFDIðτÞ =
∑q1

i=0λiðτÞ, δFDIt ðτÞ = −∑qi
j=i+1λiðτÞ, γGDPðτÞ =∑q1

i=0θiðτÞ,
δGDPtðτÞ = −∑qi

j=i+1θiðτÞ, γTradeðτÞ =∑q1
i=0θiðτÞ, δTradet ðτÞ = −

∑qi
j=i+1θiðτÞ, γRNEðτÞ =∑q1

i=0θiðτÞ, and δRNEt ðτÞ = −∑qi
j=i+1θiðτÞ.

The short-run dynamic parameters are mentioned in
equation (3); we investigate the long-run relationship
between environmental quality and economic complexity
by modifying equation (3) into (4) which is as follows:

QCEt = μ τð Þ + Xt′β τð Þ +Mt τð Þ, ð4Þ

with X = ½ECI, FDI, GDP, Trade, RNE� and βECIðτÞ = γECI
ðτÞ½1 − ∑p

i=1ΦGiðτÞ�−1 and MtðτÞ =∑∞
j=0νECI jðτÞΔECIt−1 +

∑∞
j=0θECI jðτÞΔϵt−1 , with μðτÞ = αðτÞ½1 −∑p

i=1ΦiðτÞ�−1 and

νjðτÞ =∑∞
l=j+1πlðτÞ. In the same way, we did calculation

for βFDIðτÞ and βGDPðτÞ, βTradeðτÞ, and βRNEðτÞ. fμ1ðτÞ, μ0
ðτÞ,⋯ and {fθ1ðτÞ, θ0ðτÞ,⋯ further explain as

〠
∞

i=0
θi τð ÞLi = 1 − 〠

p

i=1
Φi τð ÞLi

 !−1

,

〠
∞

i=0
πi τð ÞLi = 1 − Lð Þ−1 ∑qi

i=0ωi τð ÞLi
1 − ∑qi

i=1ωi τð ÞLi −
∑qi

i=0ωi τð Þ
1 −∑qi

i=1ωi τð Þ

 !
:

ð5Þ

To resolve the issue of serial correlation, we move to one
step further for QARDL as given in

QΔCO2, t
= α + ρCO2,t−1 +ΦECIECIt−1 +ΦFDIFDIt−1

+ΦGDPGDPt−1 +ΦTradeTradet−1 +ΦRNERNEt−1

+ 〠
p

i=1
ΦiΔCO2,t−1 + 〠

q1−1

i=1
ωiΔOECIt−1

+ 〠
q2−1

i=1
λiΔFDIt−1 + 〠

q3−1

i=1
θiΔGDPt−1

+ 〠
q4−1

i=1
θiΔTradet−1 + 〠

q5−1

i=1
θiΔRNEt−1 + νt τð Þ:

ð6Þ

There is still the possibility of concurrent correlation
between νt and ΔECIt , ΔFDIt , ΔGDPt , ΔTradet , and Δ
RNEt . We can prevent prior correlations by using between
νt projections on between ΔECIt , ΔFDIt , ΔGDPt , ΔTradet ,
and ΔRNEt in the form νt = σECIΔECIt + σFDIΔFDIt +
σGDPΔGDPt + σTradeΔTradet + σRNEΔRNEt + ϵt . As a result,
ϵt is no longer connected with ΔECIt , ΔFDIt , ΔGDPt , Δ
Tradet , and ΔRNEt . The prior projections are incorporated
into equation (6), which is then generalized into a quantile
regression framework. As a result, the QARDL-ECMmodel
looks like this:

QΔCO2, t
= α τð Þ + ρ τð Þ CO2,t−1

À
− βECI τð ÞECIt−1

− βFDI τð ÞFDIt−1 − βGDP τð ÞGDPt−1

− βTrade τð ÞTradet−1 − βRNE τð ÞRNEt−1

+ 〠
p

i=1
Φi τð ÞΔCCO2,t−1 + 〠

q1−1

i=1
ωi τð ÞΔECIt−1

+ 〠
q2−1

i=1
λi τð ÞΔFDIt−1 + 〠

q3−1

i=1
θi τð ÞΔGDPt−1

+ 〠
q4−1

i=1
ϑi τð ÞΔTradet−1 + 〠

q3−1

i=1
μi τð ÞΔRNEt−1 + ϵt τð Þ:

ð7Þ

The short-run cumulative effect on prior values of
environmental quality on current value was measured
by ∅∗ =∑p−1

i=1∅j. The estimation of short-run cumulative
effect of current and previous level of economic complex-
ity index, FDI inflow, GDP per capita, trade, and renew-
able energy on environmental quality is presented by
∅∗ =∑p−1

i=1∅j, ω ∗ =∑q1−1
j=1 ∅j, λ ∗ =∑q2−1

j=1 λj, θ ∗ =∑q3−1
j=1

θ j, ϑ ∗ =∑q4−1
j=1 ϑj, and μ ∗ =∑q5−1

j=1 μj, respectively. The
long-term cointegration of economic complexity index,
FDI inflow, GDP per capita, trade, and renewable energy is
βECI = −ð∅ECIÞ/ρ, βFDI = −ð∅FDIÞ/ρ, βGDP = −ð∅GDPÞ/ρ ,
βTrade = −ð∅TradeÞ/ρ, and βRNE = −ð∅RNEÞ/ρ, respectively.
Furthermore, the delta approach is used to compute the
cumulative short-run parameters and long-term cointegrating
parameters. The ECM parameter ρ should be significantly
negative.

Furthermore, we employed the Wald test which is used
for statistical short- and long-run influences of ECI, FDI
inflow, GDP, trade, and RNE on environmental quality.
Through the Wald test, the null and alternate hypotheses
of the parameters∅∗,ω∗,β∗, andρ∗are as follows:

HΦ
0 = FΦ ∗ τð Þ = f versusHΦ

1 : FΦ ∗ τð Þ ≠ f ,

HΦ
0 = Sω ∗ τð Þ = s versusHΦ

1 : Sω ∗ τð Þ ≠ s,

HΦ
0 = Sβi ∗ τð Þ = s versusHΦ

1 : Sβi ∗ τð Þ ≠ s,

HΦ
0 = Sρi ∗ τð Þ = s versusHΦ

1 : Sρi ∗ τð Þ ≠ s,

ð8Þ

where F and f are h∗ps and h∗l, sometimes known as prede-
fined matrices. S and s are h∗s and h∗l, which are prespeci-
fied matrices with h representing the number of limitations
[68] and l representing OP, GP, and FSI, respectively. We
use the Wald test to investigate nonlinearities in the pace
of adjustment parameter and long-run integrating parame-
ter. For each group and parameter, we perform four tests.

3.1. Data Sources and Descriptive Statistics: Empirical
Analysis and Discussion. For empirical analysis, the study
collects the data from various sources for the period of
1970-2019 for Japan for the selected variables. The selection
period of the data is based on the availability of data. The
data were collected annually for all selected variables and
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then converted in quarterly data (1970Q1-2019Q4) using
quadratic match sum method. Japan is one of the most
developed countries, and its position ranked no. 1 in ECI
index for the last two decades and ranked no. 3 in terms of
GDP in 2018. CO2 is used as dependent variable which is
determined by number of factors such as environmental
quality is the dependent variable; renewable energy and
CO2 have negative relationship; and the higher the renew-
able energy, the lower will be the CO2 emission, whereas
ECI, FDI inflow, trade, and income have positive association
with environmental quality; that is, the higher the ECI, FDI
inflow, trade, and income, the higher will be the CO2 emis-
sions. The data source of the selected study is reported in
Table 1 while the descriptive statistic of variables, i.e., envi-
ronmental quality, economic complexity index, FDI inflow,
GDP per capita, trade, and renewable energy, is presented
in Table 2. Among all variables, environmental quality
shows maximum standard deviation and exhibits maximum
volatility. Economic complexity, CO2, GDP, trade, and
renewable energy are negatively skewed, and FDI inflow is
positively skewed.

The finding of platykurtic reveals that the data are fatter
tails as compared to normal distributions. The results of the
Jarque-Bera test statistic shows the significant deviations of
the variable data from normal distributions which further
proof that there is nonlinearity among all the variables.

Therefore, the most suitable approach in that scenario is
the QARDL [69, 71, 72].

4. Empirical Analysis and Discussion

We are using time series, and there is possibility of existing
unit root in the data. Thus, before applying QARDL model
of estimation, we examine the unit root test to determine
the order of integration of the data. For that purpose, we
perform the conventional augmented Dickey-Fuller (ADF)
test and Phillips-Perron (PP) test. The ADF and PP test
results are presented in Table 3; we use the Lee-Stratizich
test for possible structural breaks in data, which is one com-
paratively advanced than ADF and PP test. The result of the
Lee-Stratizich test is reported in Table 4. The findings of unit
root show that all the variables are integrated at first order
I(1). This fulfills the assumption for applications of QARDL
method.

Table 5 shows the results of QARDL model estimations
for Japan. The ρ parameter of all quantiles indicates negative
and significant association. It indicates dependency among
the parameters. Furthermore, the findings reported that
there is long-run association between ECI, FDI inflow,
GDP, trade, REN, and CO2 which is represented by β. The
findings of ECI show that the first three quantiles from
0.05 to 0.50 show mix of positive and negative whereas

Table 1: Description of variables.

Variables Explanation Sources

CO2 CO2 emissions (metric tons per capita) World Development Indicators

ECI
Observatory of economic complexity

(2020)
https://oec.world/en/profile/country/japan/

Renewable energy Renewables per capita (kWh)
Raw data on energy consumption is sourced from the BP Statistical

Review of World Energy. Available at: http://www.bp.com/statisticalreview

FDI FDI (net inflows) to GDP (%) World Development Indicators

Trade Trade to GDP (%) World Development Indicators

Income GDP per capita (constant 2010 USD) World Development Indicators

Authors’ computations.

Table 2: Descriptive statistics of the variables.

Variables CO2 emissions ECI FDI inflow Log GDP Log trade RNE

Mean 8.277841 2.222334 0.119750 4.506253 1.226142 2.200093

Median 8.757196 2.311335 0.042725 4.592926 1.324891 2.150475

Maximum 9.893680 2.624820 0.831973 4.690198 1.574561 3.807995

Minimum 3.708021 1.718440 -0.052908 4.084429 0.000000 0.000000

Std. dev. 1.439068 0.266494 0.193107 0.168716 0.440966 0.488448

Skewness -1.697861 -0.308194 2.106279 -0.875374 -2.273020 -0.495272

Kurtosis 5.575721 1.642272 7.140631 2.648963 6.699873 11.22707

Jarque-Bera 42.38563∗∗∗ 5.187842∗∗∗ 81.41111∗∗∗ 7.439467∗∗∗ 80.16295∗∗∗ 160.2205∗∗∗

Note: ∗∗∗ represent the significance level at 1%, 5%, and 10%, respectively. Dependent variable: CO2 emission represents environmental quality for Japan.
Independent variables: ECI represents economic complexity index, FDI represents foreign direct investment inflow, log GDP represents GPD per capita,
trade represents trade % of GDP, and RNE is renewables per capita (kWh).
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quantile from 0.60 to 0.90 indicates positive and significant
relationship with environmental quality; this implies that
increase in the ECI leads to increase in CO2 emissions in
Japan. Our findings are consistent with Martins et al. [35],
Abbasi et al. [36], and Ahmad et al. [15] and claimed that
economic complexity index contributes to the environmen-
tal quality degradation. Nevertheless, this finding is in oppo-
site to the findings of Neagu [19] who found that there is
negative association between ECI and CO2. Foreign direct
investment inflow indicates both positive and negative rela-
tions with environmental quality. Quantile from 0.05 to 0.50
does not influence environmental quality, whereas at 0.60, it
shows negative and significant relationship, and quantile
range from 0.70 to 0.95 indicates positive and significant
relationship that an increase in FDI inflow increases CO2
emission in Japan. There are mixed findings of the previous
literature about FDI inflow and CO2. The findings of this
study are aligned with Zhang and Zhang [73] and Shahbaz
et al. [74]; that is, FDI inflow increases CO2 emission for
China and the USA, respectively.

The GDP per capita also shows mixed association with
environmental quality in which quantile range from 0.05
to 0.50 does not influence GDP per capita while quantile
range from 0.60 to 0.95 shows positive and significant effect
which implies that an increase in GDP per capita increases
the CO2 emissions. These outcomes are consistent with pre-
vious studies such as Balsalobre-Lorente et al. [53] and
Ahmed et al. [54]; economic growth leads to increase in
CO2 emissions. The result of trade indicates both mixed pos-
itive and negative signs; that is, quantile range from 0.05 to
0.50 does not influence environmental quality whereas

quantile ranges from 0.60 to 0.70 and 0.90 to 0.95 show pos-
itive and significant association with environmental quality
which suggest that increase in trade leads to increase in
CO2 emission. The results are consistent with previous
research of Fatima et al. [50] and Shahbaz et al. [74]; that
is, increase in trade leads to increase in CO2 emission. While
quantile 0.80 has negative and significant effect on environ-
mental quality, this suggests that with the expansion of
international trade, countries have greater access to internal
market which brings the competitions for better imports of
technology which untimely leads to lower CO2 emissions
[75, 76]. According to Rahman and Vu [13], there is mixed
evidence related to international trade and its effects on
environment in both ways either positive or negative.

The results of RNE indicate that all quantiles are nega-
tive except 0.95 while quantile range 0.05-0.50 has effect on
CO2 emission and quantile 0.60-0.90 shows significant and
negative result indicating that an increase in renewable
energy leads to decrease in CO2 emission of Japan. As one
of the top world class technology innovative country, Japan
has the potential to produce more cheap cost of renewable
energy and becomes the leading country to cleaner environ-
ment. Japan is 6th in the world leading countries generating
renewable energy; this is due to efficiency and sustainability
in Japan’s renewable energy generation system. In 2021,
Japan’s renewable energy contributes 22.4% of all electricity
generated which is 10 points more as compared to 2012, i.e.,
12.1%, while solar PV accounted for 9.3% electricity gener-
ated as compared to 2012 which is 1.9%. This development
in renewable energy leads to lower the environmental pollu-
tion in Japan (JREC, 2021). These outcomes are in line with

Table 4: Lee-Stratizich unit root analysis at level.

Variables T-state BD1 BD2
Critical value

0.01 0.05 0.10

CO2 -7.787 02.03.1996 09.11.2011 -7.391 -5.63000 -4.217

ECI -9.771 01.07.2001 25.08.2014 -7.216 -5.146 -4.119

FDI -3.233 16.10.2008 13.02.2015 -7.197 -7.420 4.432

GDP -2.870 04.05.2009 20.12.2016 -6.539 -5.380 -4.420

Trade -4.719 10.10.2003 22.04.2016 -6.143 -5.730 -4.168

RNE -1.454 29.01.2000 11.08.2016 -6.312 -5.910 -4.480

Table 3: Unit root analysis.

Variables
ADF unit root test

(with trend and intercept)
PP unit root test (with trend and intercept)

Level 1st difference Level 1st difference

CO2 -4.277309 -5.058011∗∗ -3.988029 -5.087704∗∗∗

ECI -1.073723 -6.853262∗∗∗ -1.167101 -6.847236∗∗∗

FDI 1.442312 -5.800516∗∗ -2.600703 -13.38435∗∗∗

GDP -1.112866 -6.147628∗∗∗ -0.078184 -5.739870∗∗∗

Trade -2.890848 -7.328560∗∗∗ -3.014961 -7.330278∗∗∗

RNE -0.557472 -8.05813∗∗∗ -1.089400 -6.555023∗∗∗

Note: ∗∗∗ and ∗∗ represent level of significance at 1% and 5%, respectively.
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past studies such as Wang et al. [14]; that is, the top ten
renewable energy-generating countries significantly reduce
the CO2 emissions. Sub-Saharan countries in long-run
renewable energy reduce CO2 emissions but in the short
run shows bidirectional causality.

Moreover, environmental quality in short term indicates
the positive effect; but the quantile 0.60-0.95 range from 0.60
to 0.95 significantly influences CO2 emission in Japan. The
economic complexity index prevails both positive and nega-
tive implications; however, quantile 0.80 shows a significant
positive implication. Whereas past and current changes of
both FDI inflow and GDP show positive and negative impli-
cations for GDP, it does not influence past and current var-
iations in environmental quality at all quantiles. The current
and previous changes in trade positively and significantly
influence previous and current variations in environmental
quality at quantile range 0.20, 0.50, and 0.90, respectively,
whereas the past and current variations in the trade nega-
tively and significantly influence the current and previous
changes in environmental quality at quantile 0.40.

The prevailing and past changes in RNE have a positive
and significant influences in the past and current changes in
environmental quality at quantile 0.20, 0.30, 0.60, and 0.80,
respectively. Overall, the outcomes of the QARDL model
suggest that ECI, FDI inflow, GDP, trade, and RNE are pos-
itive and negative determinants of environmental quality
both in the short run and long run with respect to Japan.

The short-run and long-run parameter dependency of
the Wald test outcomes is reported in Table 6. The Wald test
estimation outcomes reject the null hypothesis of linearity in
the speed of adjustment parameters for Japan. The null
hypothesis is rejected in the model for overall ρ. The Wald
test analyzes the nonlinearity for describing locational asym-
metries [71]. The findings of the Wald test in this study
show that null hypothesis is rejected for long-run parameters
for all the variables such as ECI, FDI inflow, GDP, trade, and
RNE. It is the same for the short-run parameter that the

Wald test rejects the null hypothesis for all variables ECI,
FDI inflow, GDP, trade, RNE, and CO2 which means that
there is asymmetric and nonlinear association between them.

5. Conclusion and Policy Recommendation

This study explores the linkages between economic com-
plexity, renewable energy, FDI, trade, and environmental
quality in Japan. The economic complexity analyzes the
structural properties of the mutual trade network and
explains the income per capita gap across the globe. The eco-
nomic complexity index (ECI) is an instrumental tool for
predicting and explaining future growth, revenue, and
greenhouse gas (GHG) emissions. Japan has achieved signif-
icant economic goals over the past few decades, with sub-
stantial implications for the country’s CO2 emissions.
Applying the quantile autoregressive distributed lag
(QARDL) model for analysis, this paper examines the rela-
tionship between economic complexity, renewable energy,
FDI, trade, and environmental quality in Japan. The QARDL
provides robust information on both long-term and short-
term relationships between dependent and independent var-
iables across different quantiles.

In this study, CO2 emissions are used as the dependent
variable, while GDP, FDI, renewable energy, and trade are
treated as independent variables. In the short run, the ECI,
FDI, GDP, renewable energy, and trade impact CO2 emis-
sions only in the last few quantiles. However, in the long
run, FDI, GDP, and renewable energy do not significantly
affect CO2 emissions in Japan, while ECI only effects CO2
emissions in the 8th quantile. Trade, on the other hand,
shows a mixed effect on CO2 emissions in the long run. This
study’s findings suggest that the expansion of economic
activities such as GDP, FDI, and trade can negatively influ-
ence the environment, primarily because the economic
expansion results in higher CO2 emissions due to increased
production. In contrast, the results suggest that renewable
energy contributes to a reduction in CO2 emissions, indicat-
ing its positive role in mitigating environmental degradation.

Our findings show that ECI and GDP per capita have a
direct association with CO2 emissions. This relationship
could explain the substantial quantity of crude petroleum
imports from countries such as Saudi Arabia, the United
Arab Emirates, Kuwait, Qatar, and Russia. In contrast,
Japan’s major exports are machinery, large construction
vehicles, hot-rolled iron, electrical capacitors, and disc che-
micals for electronics to China, the US, South Korea, and
Hong Kong. Firstly, given that the primary source of CO2
emissions is production expansion within the country, it
would be prudent for the government to impose a carbon
tax as a control measure for CO2 emissions. Secondly, pro-
moting renewable energy production domestically would
help meet the country’s energy demands, particularly for
the household and industrial sectors, while also supporting
a cleaner environment. To encourage this, the government
could consider offering tax exemptions for investments in
renewable energy production. Thirdly, the Japanese govern-
ment could incentivize trade activities focused on green
products. This approach could potentially reduce the

Table 6: Results of the Wald test for the consistency of parameters.

Variables Wald test p value

ρ 42.48∗∗∗ 0.001

ωlnECI 34.76∗∗∗ 0.001

ωlnFDI 21.80 0.001

ωlnGDP 3.49 0.001

ωlnTrade 0.54∗∗∗ 0.001

ωlnRNE 5.26 0.001

∂i 9.83∗∗∗ 0.001

ΔlnECI 0.37 0.001

ΔlnFDI 0.92 0.520

ΔlnGDP 1.72 0.001

ΔlnTrade 20.69∗∗∗ 0.001

ΔlnRNE 0.81 0.001

Source: authors’ estimations. ∗∗∗, ∗∗, and ∗ shows 1%, 5%, and 10%
significance level respectively.
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environmental impact of trade activities. Lastly, corporate
tax exemptions on green export products could serve as an
effective strategy for achieving both economic growth and
environmental sustainability.

While Japan may not be a major polluter on a global
scale, it is still a significant contributor to global emissions
and faces unique challenges in reducing its carbon footprint.
As a highly industrialized nation, Japan bears a responsibil-
ity to take proactive measures to decrease its greenhouse gas
emissions and transition towards a more sustainable econ-
omy. Fortunately, Japan has made substantial progress in
the development of innovative technologies and the imple-
mentation of policies aimed at reducing emissions. These
efforts include promoting renewable energy sources,
enhancing energy efficiency, and adopting carbon pricing
mechanisms. Furthermore, Japan’s active involvement in
international climate negotiations positions it as a crucial
player in shaping global climate policies. By examining
Japan’s approach to climate change, other nations can gain
valuable insights into effective strategies and tactics
employed in international climate negotiations. They can
also learn from Japan’s achievements and setbacks in order
to refine their own approaches. Therefore, analyzing Japan’s
initiatives to reduce greenhouse gas emissions is vital for
comprehending the challenges and opportunities that all
countries face in transitioning towards a sustainable econ-
omy. While this study focuses solely on Japan, expanding
the research to include multiple countries would enhance
its scope and provide a more comprehensive understanding
of the topic.

This study has some limitations. Firstly, employing panel
countries and testing the theories within a specific region
could offer valuable insights. Secondly, it is worth consider-
ing alternative analytical techniques rather than solely rely-
ing on the QARDL method. This would provide a more
robust assessment of the subject matter. Lastly, it would be
beneficial to distinguish and analyze the specific impacts of
household and industrial CO2 emissions within the region.
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