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1 | INTRODUCTION
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Abstract

We augment the existing knowledge on the role of economic complexity in the envi-
ronment and sustainable development debate by examining the effect of economic
complexity on environmental degradation (measured by ecological footprint, CO,
emissions, N,O emissions and greenhouse gas emissions) contingent on income,
using data from 35 OECD countries between 1998 and 2017. With the fixed effects
model estimator, we find that income facilitates economic complexity to mitigate
ecological footprint, CO, emissions, NoO emissions and greenhouse gas emissions.
Also, we fit a partial linear functional-coefficient model to find that income influences
economic complexity to exert a nonlinear effect on ecological footprint, CO, emis-
sions, N,O emissions and greenhouse gas emissions. We find that economic com-
plexity leads to an increase in ecological footprint, CO, emissions, NoO emissions
and greenhouse gas emissions at lower income levels but gradually dampens them as
income rises. Finally, by applying the Method of Moments Quantile regression to
control for distributional heterogeneity, we also find that the mitigating effect of eco-
nomic complexity on ecological footprint, CO, emissions, N>O emissions and green-
house gas emissions is transmitted through income across quantiles. The policy

implications are discussed.
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the light of this, there has been international pacts signed by countries
to deal with climate change. These pacts include United Nations

The climate has experienced changes over the years due to human
activities associated with farming, building, natural resources extrac-
tion, fossil fuel burning, solid waste generation and deforestation, and
so forth. These activities are causing harm not only to human life but
also lead to environmental degradation because they produce anthro-
pogenic greenhouse gases. The issue of climate change is ubiquitous,
and virtually, all countries are susceptible to its attendant impacts. In

Framework Convention on Climate Change (UNFCCC), Kyoto Proto-
col, and the Paris Agreement, among others. The common goal of
these pacts is to limit global greenhouse gases (GHG) emissions, par-
ticularly global carbon dioxide (CO5) emissions, which largely drive cli-
mate change.

In recent years, economic complexity has become an important

consideration in the ongoing climate change global discourse.
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Economic complexity refers to the structural changes existing in the
production structure as it moves towards more technological- and
knowledge-based production processes. There is a consensus among
climate change experts that climate change is the consequence of
environmental degradation. It is important to understand how envi-
ronmental degradation is influenced by economic complexity in order
to design effective climate change mitigation policies (Romero &
Gramkow, 2021). It is present in existing literature that economic
complexity and environmental degradation are interdependent of
each other (see Abbasi et al., 2021; Balsalobre-Lorente et al., 2022;
Caglar et al, 2022; Majeed et al, 2021; You et al, 2022; Zheng
et al., 2021). In the theoretical context, the environment is believed to
degrade when income or economic growth rises. Economic complex-
ity explains and predicts cross-country variations in income as well as
economic growth trajectories (Hidalgo, 2021; Hidalgo &
Hausmann, 2009); thus, economic complexity may have significant
implications for environmental degradation.

Economic complexity measures account for present and future
international and regional differences in GHG emissions
(Hidalgo, 2021), which are largely responsible for environmental deg-
radation. Romero and Gramkow (2021) argue that economic complex-
ity would reduce future emissions of greenhouse gases. However,
more opportunities become available as economic complexity rises,
and this makes the density of their product space larger that resul-
tantly leads to environmental degradation (Swart & Brinkmann, 2020).
Less than a decade ago, researchers began to query how economic
complexity is associated with environmental degradation and this has
sparked a debate. Some researchers argue that economic complexity
can trigger environmental degradation (Abbasi et al., 2021; Boleti
et al,, 2021; Li et al., 2021), while others argue that economic com-
plexity can be a mitigating tool for environmental degradation (Can &
Gozgor, 2017; Dogan et al., 2021; He et al., 2021). As a result, policy-
makers have been thrown into a dilemma on whether or not to drive
towards making economies more complex.

On the back of the aforementioned discussions, we are motivated
to join the economic complexity-environmental degradation nexus
debate in an attempt to broaden the existing knowledge in empirical
literature. To do this, we examine the effect of economic complexity
on environmental degradation contingent on the income effect. By
extension, we determine how economic complexity nonlinearly and
heterogeneously affects environmental degradation taking the moder-
ating role of income into consideration. This is the novelty the paper
adds to literature. Our quest to determine the moderating role of
income is mainly due to the fact that the income factor is considered
important in both environmental degradation and economic complex-
ity discourses. For example, following the Environmental Kuznets
Curve (EKC) hypothesis and the pollution haven hypothesis (PHH),
income is considered the most important element separating environ-
mentally unclean countries from clean ones (Balsalobre-Lorente
et al., 2022; Chu, 2021; Grossman & Krueger, 1991). The EKC postu-
lates that as an economy starts to grow (as income increases), envi-
ronmental degradation also increases; however, at higher levels of

income environmental quality starts to set in. The PHH also argues

that developing countries are susceptible to increasing environmental
degradation due to their low levels of income resulting in non-
stringent environmental regulations. The lax environmental regula-
tions in developing countries is considered a bait for polluting firms in
high income countries with strict environmental regulations to relo-
cate to developing countries. Income is also considered an important
factor explaining economic complexity. Economic complexity is con-
sidered a structural transformation process where an economy's pro-
ductive system transforms from a simple technology production to a
more complex one. This transformation influences economic growth,
hence income levels. The income level of an economy also influences
its economic complexity, due to its impact on the choice of goods to
be produced, and the technology to be employed (Hidalgo, 2021;
Hidalgo & Hausmann, 2009; Swart & Brinkmann, 2020). These exposi-
tions bring to light the role of income in the economic complexity-
environment nexus.

We conduct this research in the context of the Organisation for
Economic Co-operation and Development (OECD) region. This region
is of interest to us because of its peculiarities with respect to eco-
nomic complexity and environmental degradation. First, most of the
countries in this region have high levels of economic complexity due
to their high productive capabilities and competitive industrial struc-
tures, which facilitate their ability to produce goods and export them
competitively. In the latest ranking by the Observatory of Economic
Complexity in 2019, 31 out of the 38 OECD countries fall in the top
50 category. Second, OECD countries are likely to experience higher
levels of environmental degradation due to their greater capacity to
expand their industrial structures.

We set the rest of this paper as follows. Sections 2 and 3 provide
the literature review and methodology, respectively. Section 4 dis-
cusses the empirical results. This paper concludes in Section 5.

2 | LITERATURE REVIEW

Economic complexity was conceptualized by Hidalgo and Hausmann
(2009) as the diversity of the existing productive capabilities in a
country and their interactions. It is a reflection of the diversity and
ubiquity of a country's output for export trade. Diversity is the num-
ber of goods a country can produce and export competitively, while
ubiquity is the number of countries that have the capability to export
products competitively (Hidalgo & Hausmann, 2009). The complexity
of an economy arises from the various productive structures that give
rise to the knowledge shared among people for the production of
goods and services. Thus, it is considered as the amount of productive
knowledge accumulated and disseminated in an economy with
respect to economic activities—an indicator of relative knowledge
intensity of an economy. Economic complexity is crucial in under-
standing dynamics in economic development (Simoes &
Hidalgo, 2011). Economic development is associated with economic
complexity because it requires the accumulation and utilization of
knowledge. Knowledge is one of the basic ingredients to produce
goods (Chu & Hoang, 2020). Hidalgo and Hausmann (2009) argue that
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the criticality of economic complexity for economic development
arises from the income convergence, which countries tend to experi-
ence due to the complexity of their productive structures. In recent
studies, there is evidence to argue that a more complex economy is
more likely to be better developed (see, for instance, Chavez
et al., 2017; Dogan et al., 2020; Koch, 2021; Lee & Lee, 2020; Zhu &
Li, 2017).

Understanding how economic complexity affects the environ-
ment has become popular in empirical research over the past few
years. The seminal paper by Can and Gozgor (2017) brought this
research discourse into limelight. Can and Gozgor (2017) examine the
role of economic complexity in environmental degradation (measured
by CO, emissions) in France. The authors find that economic com-
plexity limits environmental degradation. Following Can and Gozgor
(2017), the effect of economic complexity on environmental degrada-
tion has received further scrutiny in a myriad of empirical studies. The
extant arguments in these empirical studies suggest that this effect
remains a debatable issue, which has been mainly driven by variations
in study area/sample, model specification, environmental degradation
measurement and econometric procedure. Swart and Brinkmann
(2020), for instance, show that the environmental effect of economic
complexity depends on how the environment is assessed. The
authors, using a panel dataset from Brazil, illustrate that economic
complexity reduces waste generation but propels forest fires, whereas
it does not contribute to deforestation and air pollution. Likewise,
Boleti et al. (2021) utilize several measures of the environment. Using
an index of environmental performance, they find that economic com-
plexity boosts environmental performance; however, they also find
that carbon dioxide (CO,), nitrous oxide (N,O) and methane (CH,)
emissions and exposure to particulate matter 2.5 (PM,s) rise with
increasing economic complexity.

Abbasi et al. (2021) demonstrate that economic complexity
increases CO, emissions in the short- and long-run in a panel of
18 leading economic complexity countries for the period 1990-2019,
based on the cross-sectional Autoregressive Distributed Lag (CS-
ARDL) model. Li et al.'s (2021) study on top 15 exporting countries
shares some similarities with Abbasi et al. (2021) in terms of estima-
tion method, sample period and findings. On the contrary, He et al.
(2021) use the CS-ARDL model to illustrate that economic complexity
reduces short- and long-run CO, emissions in 10 top energy transition
countries over the 1990-2018 period. In addition, the authors show
that globalization magnifies the alleviating effect of economic com-
plexity on short- and long-run CO, emissions. Based on an air
pollution-based index of environmental degradation (constructed from
greenhouse gas emissions, CO, emissions, N,O emissions, CH4 emis-
sions and exposure to PM,s), Bashir et al. (2022) also use the CS-
ARDL to establish that economic complexity slows down the degrada-
tion of the environment in the short- and long-run in 15 regional com-
prehensive economic partnership countries from 1990 to 2019. While
it can be argued from the aforementioned studies that economic com-
plexity has similar effect on the environment in the short and long
run, the Yilanci and Pata (2020) observe otherwise. Using the Fourier
bootstrap ARDL model and data on China for the period 1965-2016,
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they report that economic complexity expands the consumption of
ecological footprint in the short-run but, in the long-run, this con-
sumption reduces with rising economic complexity.

Dogan et al. (2021), with the aid of the augmented mean group
(AMG), fully modified ordinary least squares (FMOLS) and dynamic
ordinary least squares (DOLS) estimators, show that economic com-
plexity reduces CO, emissions in a sample of 28 OECD countries from
1990 to 2014. The authors further show that more use of renewable
energy facilitates economic complexity to have greater reduction
effect on CO, emissions. Utilizing similar battery of estimators, Zheng
et al. (2021) confirm Dogan et al. (2021) finding of the mitigating role
of economic complexity in CO, emissions for 16 leading exporting
countries over the period 1990-2019. Caglar et al. (2022), employing
the continuously updated fully modified (CUP-FM) and continuously
updated bias corrected (CUP-BC) estimators, also provide evidence
consistent with the earlier findings by Dogan et al. (2021) and Zheng
et al. (2021). The authors reveal that economic complexity lowers
CO, emissions in BRICS countries over the 1990-2018 period.
Ahmed et al. (2021) also apply the CUP-FM and CUP-BC estimators
to demonstrate that increased economic complexity is associated with
reduction in ecological footprint in G7 countries between 1985 and
2017. However, relying on the FMOLS and DOLS estimators and a
sample of 48 countries for the 1995-2014 period, Neagu (2020) con-
cludes that ecological footprint becomes higher as economies become
more complex. This is supported by Rafique et al. (2021), which relied
on the FMOLS, DOLS and system generalized method of moments
(GMM) estimators and a panel of the top 10 most complex economies
for the 1980-2017 period. Neagu and Teodoru (2019), with the
FMOLS and DOLS estimators, earlier show that higher economic
complexity causes more greenhouse gas emissions in 25 European
Union countries between 1995 and 2016.

Some studies have addressed the heterogeneous effects of eco-
nomic complexity on the environment by taking cognizance of the
conditional distributions (quantiles) of the environmental degradation
measure. Using data for OECD countries between 1971 and 2018,
Majeed et al. (2021) employ the fixed effects quantile regression esti-
mation to observe an increasing effect of economic complexity is evi-
dent in all CO, emissions quantiles except in the 90th and 95th
quantiles where this effect is not noticeable. Interestingly, the authors
find that this increasing effect reduces as the CO, emissions quantiles
increase. Leitdo et al. (2021) use the method of moments quantile
regression (QR) estimator to show that economic complexity dampens
CO, emissions in all quantiles, for BRICS countries over the 1990-
2015 period. Later, in a closely related study, Sun et al. (2022) also
use the method of moments QR estimator and a panel of BRICS coun-
tries from 1990 to 2015. Contrary to Leitio et al. (2021), Sun et al.
(2022) show that economic complexity reduces CO, emissions in only
higher quantiles (50th to 90th). Employing a battery of panel QR esti-
mators, Alvarado et al. (2021) focusing on 17 Latin American countries
from 1980 to 2016 find that economic complexity enhances ecologi-
cal footprint in most quantiles. Kazemzadeh et al. (2021) estimate a
panel guantile regression model to show how economic complexity

affects ecological footprint in 25 countries for the period 1970-2016.
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They discover that economic complexity increases ecological footprint
at lower quantiles but, at higher quantiles, economic complexity
lessens ecological footprint. lkram et al. (2021) use the quantile ARDL
model to establish that Japan's economic complexity heightened its
ecological footprint between 1965 and 2017 in all quantiles except
the last quantile where it had no significant effect.

The EKC hypothesis has been tested in the context of economic
complexity. The pioneering EKC hypothesis argues that, at early
(lower) stages of economic development, a rise in income damages
the environment but this damaging role switches to a favourable one
at later (higher) stages of economic development (Grossman &
Krueger, 1991). Similar phenomenon has been validated in literature
with respect to economic complexity. Chu (2021) considers a sample
of 118 countries for the period 2002-2014. The system GMM esti-
mation shows that economic complexity contributes to CO, emissions
at lower levels of economic complexity, but when economic complex-
ity reaches higher levels, it mitigates CO, emissions, suggesting an
inverted U-shaped relationship between economic complexity and
CO, emissions. Based on the DOLS estimator, Balsalobre-Lorente
et al. (2022) offer support for this finding in PIIGS (Portugal, Ireland,
Italy, Greece and Spain) countries from 1990 to 2019. The authors
also find an N-shaped relationship, which suggests that when eco-
nomic complexity grows further above the levels where it diminishes
CO, emissions, increased CO, emissions become attributable to eco-
nomic complexity. Chu and Le (2021) employ the FMOLS estimator to
observe, in G7 countries over the period 1997-2015 that an inverted
U-shaped relationship is also evident between economic complexity
and ecological footprint. This has been also shown by Pata (2021),
who use the case of US for the period 1980-2016 and a vector error
correction model.

Few studies have shown that income level (stage of economic
development) can influence how economic complexity is associated
with environmental degradation. Using data for 118 countries
(classified according to income level) over the period 1995-2016,
Adedoyin et al. (2021) based on the random effects model estimation
show that economic complexity stimulates CO, emissions in low-
income countries but wields no significant effect on CO, emissions in
lower-middle-income; however, it reduces CO, emissions in upper-
middle- and high-income countries. These findings are also confirmed
by their fixed effect model estimation except in the low-income
countries where the CO, emissions-effect of economic complexity is
no longer influential. Dogan et al. (2019) consider a quantile
regression model to examine how economic complexity relates to
CO, emissions, utilizing data 55 countries for the 1971-2014 period.
They find that economic complexity leads to lower CO, emissions
across the quantiles for the high-income countries. In the upper-
middle- and lower-middle-income countries, economic complexity is
largely found to raise CO, emissions.

Literature is replete with evidence on the nonlinearity between
economic complexity and environmental degradation, especially on
heterogeneous environmental degradation-effect of economic
complexity and the EKC hypothesis in the context of economic

complexity. We supplement the extant literature by examining this

nonlinearity in the presence of income. Existing studies (see,
e.g., Adedoyin et al., 2021; Dogan et al., 2019) have shown that how
economic complexity affects environmental degradation is contingent
on the income level by grouping countries into income clusters. This
approach does not reveal the inherent role of income in the economic
complexity-environmental degradation nexus. We address this limita-
tion observed in literature in twofold. First, we examine the effect of
economic complexity on environmental degradation as a non-
parametric function of income. Second, we examine the moderating
role of income in the economic complexity-environmental degradation
nexus, while also controlling for distributional heterogeneity. On a
side note, we are able to provide robust evidence considering that we
gauge environmental degradation with four notable measures, which
include ecological footprint, CO, emissions, N,O emissions and GHG

emissions.

3 | METHODOLOGY

3.1 | Model

The empirical model is set with the theoretical support of the EKC
hypothesis, Stochastic Impacts by Regression on Population, Afflu-
ence and Technology (STIRPAT) model and the pollution haven
hypothesis.® The EKC hypothesis establishes how income is related to
environmental degradation. The STIRPAT model identifies population,
affluence or income and technology as drivers of environmental deg-
radation. The pollution haven hypothesis asserts that countries tend
to become potential destinations (havens) for firms that engage in
pollution-intensive production activities as their borders become more
open to the global markets. From the brief expositions of these theo-
ries, income, population, technology and openness can be argued to
be central to environmental degradation. Therefore, we control for
their influence on environmental degradation while examining the
effect of economic complexity on environmental degradation. We

specify the empirical model as

ED;; =yEC; +pINCit + 6POP;; + STECH; + (pOPEN,-t + a; + €t (1)

where ED;, ECit, INCjt, POP;:, TECH;: and OPEN;, respectively, denote
environmental degradation, economic complexity, income, population,
technology and openness; q; is the unobserved time-invariant individ-
ual effect (fixed effect); and ¢;; is the stochastic disturbance term.

To understand the moderating role of income in the economic
complexity-environmental degradation nexus, we extend the
linear model in Equation (1) by including the interaction term of eco-
nomic complexity and income (EC;; *INC;;). The extended model is
expressed as

EDj; = yEC;; + pINC;; + JECj¢ % INCjt + 6POP;t 4+ STECHjt + 9OPEN;; + o
+ €jt.

(2)
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3.2 | Data

We draw a sample of 35 OECD countries over the period 1998-
2017, taking into consideration data availability (refer to Table 1A for
the country list).? The economic complexity and ecological footprint
datasets influenced the start and end years of the sample period,
respectively.

Though CO, emissions are the widest used proxy for environ-
mental degradation in the literature, in this study, we follow others
such as Danish et al. (2019), Nathaniel et al. (2021). Opoku and
Boachie (2020) and Opoku et al. (2022) and represent the environ-
ment more holistically (employing several proxies) as possible in the
literature. The Intergovernmental Panel on Climate Change (IPCC)
also emphasizes that gases leading to global warming transcends
CO,, though CO, is the major gas (IPCC, 2014). Hence, the depen-
dent variable, which is environmental degradation, is assessed sepa-
rately with ecological footprint, CO, emissions, N,O emissions and
GHG emissions. Ecological footprint is often identified as a broad
measure of environmental degradation in the literature (see Aluko
et al., 2021, 2022; Ibrahim & Vo, 2021; Opoku & Aluko, 2021). This
is because its computation takes into account anthropogenic human
activities associated with the demand for land for farming (crop and
livestock), production of fibre, regeneration of timber, CO, emissions
absorption from the burning of fossil fuels and building of physical
infrastructures. In this study, ecological footprint is the amount of
biologically productive land and sea area consumed by humans,
expressed in global hectares. CO, emissions represent the CO,
emitted in the process of burning fossil fuels and cement
manufacturing, measured in kilotons (kt). N> O emissions, measured
in thousand metric tons of CO, equivalent, are emissions arising
from burning of agricultural biomass, industrial activities and live-
stock management. GHG emissions represent total GHG emissions
(total CO, emissions excluding short-cycle burning of biomass but
including other biomass burning), measured in kt of CO, equivalent.
With the exception of ecological footprint, which is sourced from
the Global Footprint Network database, the remaining measures of
environmental degradation are obtained from the World develop-
ment Indicators (WDI).

TABLE 1 Summary statistics

Variable Data
Ecological footprint
CO,, emissions CO, emissions (kt)
N,O emissions
GHG emissions Total GHG emissions (kt of CO, equivalent)

Economic complexity =~ Economic complexity index

Income Income index

Population Total population (midyear estimate)
Technology Total patent applications
Openness Trade openness (% of GDP)

Ecological footprint of consumption (global hectares)

N,O emissions (thousand metric tons of CO, equivalent)
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Economic complexity, which is the independent variable of inter-
est, is measured by the economic complexity index in the Observatory
of Economic Complexity (OEC) provided by Massachusetts Institute
of Technology (MIT). This index measures the amount of knowledge
held in a country's production structure. The higher the value on the
index, the more economically complex the country is. The other inde-
pendent variables are income, population, technology and openness.
Income is measured by the income index, obtained from the United
Nations Development Programme (UNDP). According to the UNDP,
this index is gross national income (GNI) per capita, which is normal-
ized on a scale of 0-1 using the lowest value of $100 and highest
value of $75,000. Higher (lower) scores on the index connote higher
(lower) income. The index hence ranks countries based on their
income per capita, and at a glance one could easily rank countries to
ascertain low and high income countries. Population is measured by
the midyear estimate of the total number of country's residents irre-
spective of legal status and citizenship, and this is sourced from WDI.
The aggregate of patent applications by residents and non-residents
obtained from WDI is used to measure technology. Our use of patent
applications to proxy technology is akin to several other studies (see,
e.g., Acheampong et al., 2022; Carrién-Flores & Innes, 2010; Cho &
Sohn, 2018; Lindman & Soéderholm, 2016; Miyamoto &
Takeuchi, 2019; Popp et al., 2011). Openness is captured by trade
openness, which represents total trade (imports + exports) expressed
as a percentage of GDP and it is sourced from WDI.

The summary statistics of the raw data are provided in Table 1,
while Table 2 provides their correlations. The correlations indicate
that economic complexity, income, population and technology are
positively correlated with the measures of environmental degradation
(ecological footprint, CO, emissions, N,O emissions and GHG emis-
sions), while openness is negatively correlated with these measures. It
is important to test for multicollinearity before proceeding with esti-
mations. The presence of multicollinearity in a regression model may
result in misleading conclusions. Multicollinearity arises from a strong
linear relationship between the independent variables, which causes
standard errors of the regression coefficients to be inflated. We use
the variance inflation factor (VIF) test to detect the presence of multi-
collinearity. The common rule of thumb for the VIF test is that the VIF

Mean Std. Dev Minimum Maximum Obs.
212 x 108 4.67 x 108 7,743,798  3.06 x 10° 699
359317.1 904,936 4,950 5776410 699
22,237.74 4339785 770 269,930 699

4407414 1075319 10,490 6,861,150 699
1.042 0.605 —0.290 2311 699
0.873 0.068 0.678 0.99 699
3.61x 107 557 x 107 1,314,545 325 x 10® 699
35587.49  100,108.7 25 606,956 685
81.719 36.738 18.126 188.469 699

Note: The natural logarithm transformation data of all the data are used in the regression models except the economic complexity and income indexes.
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TABLE 2 Correlations
[1] [2] [3] (41 [5] [6] [71 [8] [91
Ecological 1.000
footprint [1]
CO, emissions 0.997* 1.000
[2] (0.000)
N,O emissions 0.945* 0.945* 1.000
[3] (0.000) (0.000)
GHG emissions 0.997* 0.999* 0.957* 1.000
[4] (0.000) (0.000) (0.000)
Economic 0.290* 0.285* 0.144* 0.266* 1.000
complexity [5] (0.000) (0.000) (0.000) (0.000)
Income [6] 0.237* 0.240* 0.213* 0.234* 0.656* 1.000
(0.000) (0.000) (0.000) (0.000) (0.000)
Population [7] 0.941* 0.923* 0.878* 0.923* 0.302* 0.135* 1.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Technology [8] 0.811* 0.817* 0.687* 0.804* 0.384* 0.222* 0.829* 1.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Openness [9] -0.398* -0.374* -0.432* -0.382* 0.150* 0.032 —0.504* -0.388* 1.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.396) (0.000) (0.000)
Note: p values are placed in parentheses.
*p value < 0.01.
TABLE 3 VIF test proposed by Yonghong et al. (2016). The PLFC model is semipara-
metric in nature and accounts for heterogeneity over individuals and
VI JWIF  Tolerance  R? netric i hat unts for heterogeneity over individuat
times as well as allows for linearity in some regressors and nonlinear-
E i lexit 2.56 1.60 0.391 0.609
conomic compiexity ity in other regressors (Du et al., 2020). In this study, we consider the
Income 1.95 1.40 0.512 0.488 . . . .
effect of economic complexity on environmental degradation nexus
Population 3.40 1.84 0.294 0.706 as a nonparametric function of income. Thus, we transform
Technology 4.35 2.09 0.230 0.770 Equation (1) into a PLFC model, and it is expressed as
Openness 271 1.65 0.368 0.631
Mean VIF 2.99 EDjt = g(INCit)yECit + Xy + i + €t (3)

value must not exceed 10, and the tolerance value must not be below
0.1 to confirm the absence of severity of the multicollinearity problem
(Miles, 2014). However, based on Studenmund (2011), we set the cut-
off point for the VIF value as 5. The results of the VIF test reported in
Table 3 show that the VIF values are below 5 and the tolerance values
are greater than 0.1, thus suggesting that the inclusion of the inde-
pendent variables together in the regression model do not give rise to
multicollinearity.

3.3 | Estimation approaches

We first use the fixed effects model estimator to estimate the models
depicted in Equations (1) and (2). Equation (1) considers the direct
effect of economic complexity, while Equation (2) aims at showing the
effect of economic complexity through the income channel. This esti-
mator observes only the linearity in the economic complexity-
environmental degradation nexus. To account for nonlinearity in this

nexus, we fit a partially linear functional-coefficient (PLFC) model

Equation (3) can be divided into the nonparametric and paramet-
ric parts. g(INCy) is the nonparametric part, which is an unknown
function that captures the marginal effect of economic complexity,
and X}, is the parametric (linear) part, which controls for the influence
of income, population, technology and openness on environmental
degradation.

The PLFC model overcomes possible misspecification bias that
often occurs in a linear model due to the strict assumptions imposed
on its functional form. We implement the PLFC model with fixed
effects to deal with bias that may occur as a result of misspecifica-
tion, following Yan et al. (2020). Due to the presence of fixed effects
in the model, the series estimator is used to fit the PLFC model
instead of the kernel estimator, which is often used in fitting semi-
parametric and nonparametric models. The kernel estimator becomes
less ideal in the presence of fixed effects. The series estimator pos-
sesses some advantages that include computational convenience,
ease of imposing restrictions and quicker convergence rate
(Yonghong et al., 2016). The series estimator eliminates the fixed
effects through first-differencing. After first-differencing Equation (3),
it becomes
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AED; = A(g(INCyt)ECit)y + BAX, + Aeit, (4)

where A is the first-difference operator. The B-splines sieve method
is used for the approximation of the unknown function, g(INC;). The
performance of the sieve method depends on the number of approxi-
mation terms, which is determined by the number of knots (Du
et al., 2020). The optimal number of knots required by the sieve
method is determined by the least-squares cross-validation method.
The PLFC model though quite new has been used in a number of
recent studies including Liu et al. (2022), Wang et al. (2021, 2022) and
Yan et al. (2020, 2022).

We also account for nonlinearity by controlling for distributional
heterogeneity in Equations (1) and (2) through a quantile regression
approach. The approach provides more information, and it is not
influenced by the presence of outliers (Chernozhukov & Hansen,
2008). Koenker and Bassett (1978) argue that the quantile
regression approach provides efficient and consistent estimates in the
presence of normal and non-normal error distributions. Koenker and
Bassett (1978) develop the quantile regression model and it can be

expressed as
Yit = UiBy + €it; Qo (Yit|Uie) = Uiy, (5)

where U’ is a vector of regressors (independent variables), ¢ is a vector
of residuals and Qy(Y|Ujy) identifies the 6 conditional quantile of Y
given U.

We use the Method of Moments Quantile regression estimator
with fixed effects introduced by Machado and Santos Silva (2019) to
estimate the quantile regression model. This estimator yields non-
crossing estimates of regression quantiles, which many empirical
applications do not consider important (Machado & Santos Silva, 2019).
It estimates a conditional location-scale model, similar to Koenker
and Bassett (1978) approach. The estimation of the conditional

quantiles Qy(e|Uy) for a location-scale model has been given as

Yie =aj+ Uy + (& + Q) Vie, (6)

TABLE 4 Estimation results of the linear fixed effects model

Busi Strat [ ] 2773
a:glrgﬁstmr/?rg%em % E_WI LEY

where the probability, P{ei + Q> O} =1 (a,f, e a)’)’ are parameters
to be estimated. (a;, ¢),i =1, ...n, is the individual i fixed effects and Q
is the k-vector of identified components of U, which are differentiable

transformations with element m given by
Qn=QmU),m=1,..,k. 7)

Uj; is independently and identically distributed (i.i.d) for any fixed i
and is independent across time (t). V;; is i.i.d across individuals (i) and
through t and orthogonal to U; and normalized to meet the moment
conditions given by Machado and Santos Silva (2019), which inter alia
do not suggest strict exogeneity. The following is implied from
Equation (6):

Qv (€|Ui) = (e +&ia(€)) + Ui+ Qpeoa(e). (8

From Equation (8), Uj, is a vector consisting of the independent
variables. Qy(€|Uj) is the quantile distribution of Yj, which is condi-
tional on the location of Uy. aj(€) = a; + €iq(€) is the scalar coefficient
that is indicative of the quantile € fixed effect for individual i. Unlike
the individual fixed effect in the least squares regression, the individ-
ual fixed effect in the Method of Moments quantile regression does
not represent an intercept shift. They are time-invariant parameters
whose heterogeneous effects are allowed to vary across the quantiles
of conditional distribution of Y. g(e€) is the eth sample quantile, which

is estimated by solving this optimization problem:

mqinZZ(pe (Rit — (e + Qyw)a), (9)
it
where ¢ (A) = (e — 1)AI{A <0} 4+ €Al{A > 0} is the check function.

4 | RESULTS AND DISCUSSION

In this section, we present and discuss the results of the study. This

paper aims at investigating the effect of economic complexity on

Dependent variable (Environmental degradation)

Ecological footprint

(U]

CO, emissions

(m

N2O emissions

(1)

GHG emissions

(Iv)

Economic complexity 0.001 (0.060) 0.182** (0.086) 0.013 (0.108) 0.213**(0.079)
Income 2.967*** (0.440) 1.728* (0.734) 0.582 (0.821) 1.068* (0.628)
Population 0.004 (0.154) 0.334 (0.200) —0.443 (0.347) 0.297 (0.192)
Technology 0.026 (0.020) 0.061** (0.024) 0.013 (0.032) 0.055** (0.021)
Openness —0.226*** (0.058) —0.372***(0.079) —0.408*** (0.089) —0.336*** (0.068)
Constant 16.309*** (2.577) 5.449 (3.388) 17.598*** (5.401) 6.797** (3.219)
No. of countries 35 35 35 35

Note: Robust standard errors, computed by clustering across countries, are in parentheses.

*p value < 0.1. **p value < 0.05. ***p value < 0.01.
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TABLE 5

Linear fixed effects model with interaction term estimation results

Dependent variable (Environmental degradation)

Ecological footprint

(U]

Economic complexity 0.031 (0.426)
Income 2.977***(0.443)
Economic complexity*Income —0.035 (0.476)
Population 0.006 (0.163)
Technology 0.026 (0.021)
Openness —0.225*** (0.063)
Constant 16.270*** (2.791)

CO, emissions

(1n

N,O emissions GHG emissions

(1) (W]

1.644*** (0.578) 1.999*** (0.560) 1.330** (0.543)
2.177***(0.775) 1.191 (0.743) 1.411** (0.646)
—1.700** (0.683) —2.308"** (0.627) —1.298"* (0.634)
0.416** (0.200) —0.333(0.322) 0.359* (0.191)
0.050* (0.025) —0.002 (0.031) 0.047** (0.022)
—0.303"** (0.083) —0.314*** (0.092) —0.283** (0.072)
3.566 (3.290) 15.041*** (4.965) 5.359* (3.157)

Note: Robust standard errors, computed by clustering across countries, are in parentheses.

*p value < 0.1. **p value < 0.05. ***p value < 0.01.

environmental degradation, and how this effect is moderated by
income in the OECD countries. We start the discussion by first report-
ing the results estimated by the fixed effects model. The estimation
results are reported in Tables 4 and 5. While Table 4 only considers
the direct effect of economic complexity on the environment, Table 5
accounts for the moderating effect of income. Each table contains
four models, distinguished by the dependent variable used: ecological
footprint CO,, N,O and GHG emissions.

In Table 4, the results show the coefficients of economic com-
plexity to be positive in all the estimated models, however statistically
significant (5% level) when CO, and GHG emissions are the depen-
dent variables. This implies that, all other things being equal, as coun-
tries' (in our sample) economic complexity increases environmental
degradation increases by way of increasing CO, and GHG emissions.
Specifically, as economic complexity rises by 1 unit, CO, and GHG
emissions are expected to rise on the average by about 1.19 and
1.24 units, respectively.® The results suggest that as the various pro-
ductive structures of countries become more complex, environmental
degradation increases. Economic complexity is associated with
increase in production and trade, and these may explain the associ-
ated increase in emissions. This finding is similar to those of Boleti
et al. (2021), Abbasi et al. (2021), and Neagu and Teodoru (2019).
However, our finding contrasts with Can and Gozgor (2017), Swart
and Brinkmann (2020) and Ahmed et al. (2021).

In Table 5, which accounts for the interaction between economic
complexity and income, the results suggest economic complexity to
have positive effect and statistically significant (1-5% levels) coeffi-
cients for all the dependent variables but ecological footprint. The
results of the income variable remain akin to those of Table 4. The
interaction term (between economic complexity and income) however
registers negative coefficients and statistically significant (1-5% level)
except in the case where ecological footprint is the dependent vari-
able. The results therefore suggest that, largely, economic complexity
and income separately exert direct negative impact on environmental
degradation. The interactive results suggest that the moderating
effect of income on the effect of economic complexity on environ-

mental degradation is negative. The results suggest that while

economic complexity works to deteriorate the environment, environ-
mental performance improves in the presence of increasing income.
This can be explained by the role of high income on environmental
sustainability and economic complexity. At high levels of income or as
income increases, countries are able to afford cleaner technologies
and technologies that do not cause much harm to the environment.
Also, with increasing incomes citizens agitate for cleaner environ-
ments, and this puts pressure on the government to legislate eco-
nomic activities to ensure that economic transformation does not
happen at the expense of the environment. In the era of championing
sustainable development and environmental sustainability, high-
income countries relative to low-income countries feel the pressure
to show leadership by example.

Regarding the other independent (control) variables (in both
Tables 4 and 5), we observe that the coefficients of trade openness
are negative and statistically significant (1% level). This implies that all
other things being equal, openness to trade in the sampled countries
improves environmental quality. The income variable registers posi-
tive and statistically significant coefficients except in using N,O emis-
sions as the dependent variable. This implies that, generally, rise in
income is associated with increase in environmental degradation.
Technology is found to be positive and statistically significant (5-
10%) only when CO, and GHG emissions are the dependent variables.
This suggests that ceteris paribus, increase in technology increases
environmental degradation by way of increasing CO, (and GHG) emis-
sions. The coefficients of population though generally positive are
only found to be statistically significant in Table 5 (when CO, and
GHG emissions are used as the dependent variables). Hence, the
results suggest that ceteris paribus, population exerts pressure on the

environment by increasing CO, (and generally GHG) emissions.

4.1 | Results of the partially linear functional-
coefficient (PLFC) model

Due to the limitations of incorporating interaction terms that may lead

to biassed estimation and model misspecification, we use the partial
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FIGURE 1 Estimated marginal effects
(functional coefficients) of economic complexity
on ecological footprint. Note: The estimated
functional coefficients are represented by the
broken line, and the 95% confidence interval is
the grey-shaded area.
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linear functional-coefficient (PLFC) model to estimate the economic
complexity response function of environmental degradation, by con-
sidering the heterogeneity of different income levels. The prior esti-
mation method employed assumes a hypothesized linear pattern, such
as a unique impact parameter across all countries, homogeneous
impact parameters within groups of countries and a uniquely marginal
increment of impact with rise in income (Yan et al., 2020). The PLFC
model is flexible and capable of accommodating the nonlinear struc-
ture and the heterogeneity across cross-sections and time (Du
et al., 2020). The PLFC model allows for linearity in some regressors
and nonlinearity in others (Du et al., 2020).

We present the estimated functional coefficients of economic
complexity in Figures 1-4 (with ecological footprint, CO,, N,O, GHG
emissions, respectively, as the dependent variables) with 95% confi-
dence interval. It can be observed from Figure 1 that the estimated
functional coefficients of economic complexity are positive when
income is below the index of 0.7. However, above the index of 0.7,
the estimated coefficients show economic complexity to be negative.
This implies that at higher levels of income, the effect of economic
complexity on ecological footprint is negative, and positive at lower
levels of income. Regarding the CO, emissions estimations (Figure 2),
the results reveal that at income levels of (about) less than the index
of 0.81 the impact of economic complexity is positive and however
becomes slightly negative after the index of 0.81. Figure 3 reveals that
when income level is below the index of about 0.72 the effect of eco-
nomic complexity on N,O emission is positive and at income levels
greater than 0.72 the effect becomes negative. With respect to the
GHG emissions estimation, Figure 4 shows that at about an income
level less than the index of 0.8 the effect of economic complexity on
GHG emissions is positive and turns slightly statistically insignificant
between the income indices of 0.8 and 0.9 as the estimated coeffi-
cients within this range almost lies on the zero line. However, when
income is greater than the index of 0.9, the effect of economic com-
plexity on GHG emissions is negative. The results in Figures 1-4 show

that the impact of economic complexity on the environment depends

Income

95% Confidence Interval

on the level of income. Generally, at higher levels of income, economic
complexity is seen to improve environmental quality by having a nega-
tive effect on environmental degradation. The figures show more
information than the conventional panel data models (such as pro-
vided in Table 5).

Table 6 presents the results of the linear part of the PLFC
model. Regarding the control variables, unlike the fixed effects
model estimation results in Tables 4 and 5, the coefficients of the
trade openness variable are positive and statistically significant at
the 1% level, suggesting that ceteris paribus increase in trade open-
ness increases ecological footprint and the emissions of CO,, N,O
and GHG in general (see Table 6). Specially, the results suggest that
all things being equal, 1% increase in trade openness will likely lead
to about 0.12%, 0.10%, 0.13% and 0.09%, respectively, in ecologi-
cal footprint, CO,, N,O and total GHG emissions. Trade is consid-
ered one of the major drivers of environmental degradation.
However, considering that the sample is mainly developed coun-
tries, and following the assertion of Copeland and Taylor (2004)
one would have expected trade openness improving environmental
quality. Copeland and Taylor (2004) postulates that trade enhances
comparative advantage in production, and as developed countries
have comparative advantage in clean industries, emissions would
reduce in these countries. Besides, environmental regulations are
more stringent in developed countries, and this would push pollut-
ing industries to relocate to developing countries where environ-
mental regulations are relatively lax (Balsalobre-Lorente et al., 2022;
Cole, 2004; Eskeland & Harrison, 2003). Hence, this would work to
reduce emissions in developed countries. However, trade expansion
comes with enormous utilization of energy and resources (Shahbaz
et al., 2017), and hence, international trade may increase emissions
and generally environmental degradation through energy consump-
tion and utilization of natural resources. This may possibly drive the
results.

Similar to the results reported in Tables 4 and 5, the results in

Table 6 show the direct effect of the income variable to be positive
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FIGURE 2 Estimated marginal effects
(functional coefficients) of economic complexity
on CO, emissions. Note: The estimated functional
coefficients are represented by the broken line
and the 95% confidence interval is the grey-
shaded area.
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FIGURE 3 Estimated marginal effects
(functional coefficients) of economic complexity
on N,O emissions. Note: The estimated functional
coefficients are represented by the broken line,
and the 95% confidence interval is the grey-
shaded area.

Income

95% Confidence Interval

and statistically significant in all the estimated models. Hence, the
results suggest that increase in income or economic activities exert
pressure on the environment leading to increase in environmental
degradation. Specifically, the results indicate that ceteris paribus, 1%
increase in income levels lead to about 4.7%, 2.9%, 1.9% and 2.5%
increase in ecological footprint, CO,, N,O and total GHG emissions,
respectively. Increase in income increases economic activities,
demand, production and consumption. These activities result from the
consumption of energy (mainly fossil fuels). Besides, increasing
production and consumption increases resource exploitation.
Theoretically, the outcome of the income variable supports the
assertion of the STIRPAT model, which argues that increasing
affluence results in environmental degradation (York et al., 2003).
Empirically, our results buttress that of Liddle (2013), He et al. (2021),
Aluko et al. (2021), Opoku and Aluko (2021), Opoku et al. (2022) and
Leitdo et al. (2021). Regarding the technology variable, akin to the

results in Tables 4 and 5, technology is found to have an increasing
effect on CO, and total GHG emissions. However, it is found to have
statistically insignificant effect on ecological footprint (negative
coefficient) and N,O emissions (positive coefficient). Specifically, the
results indicate that a 1% increase in technology results in 0.022%
and 0.017% increase in emissions, respectively. Ideally, it would be
expected that increase and improvement in technology would
improve environmental sustainability especially if the technology is
driven towards renewable energy production/consumption and issues
of sustainability in general. However, unsustainable technologies can
increase the consumption if energy, and this may be the driving force
behind technology increasing emissions. It must be added that our
results may be influenced by the proxy of technology use (aggregate
of patent applications). This does not tell us exactly the kind of
technology it is. Opoku et al. (2022) also find technology to be
positive for the CO, and GHG emissions estimations.
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FIGURE 4 Estimated marginal effects
(functional coefficients) of economic complexity
on GHG emissions. Note: The estimated
functional coefficients are represented by the
broken line, and the 95% confidence interval is
the grey-shaded area.
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TABLE 6 Estimation results of the
parametric (linear) part of the PLFC

Income

95% Confidence Interval ~ ————- Estimated marginal effects

Dependent variable (Environmental degradation)

model

Ecological footprint

(U]

CO, emissions

(]

N,O emissions

(1

GHG emissions
(Iv)

Income 4.741*** (0.550) 2.944***(0.442)  1.928"**(0.608)  2.459***(0.378)
Population —0.172(0.210) 0.222 (0.228) —0.426 (0.264) 0.185(0.213)
Technology —0.007 (0.012) 0.022** (0.009) —0.001 (0.014) 0.017** (0.008)
Openness 0.115*** (0.040) 0.098***(0.027)  0.128"**(0.047)  0.093*** (0.023)
No. of countries 35 35 35 35

Note: Bootstrapped standard errors, computed with 1,000 bootstrapping replications, are in parentheses.
**p value < 0.05. ***p value < 0.01.

The population variable is found to have statistically insignificant
effect on the dependent variables employed. This implies that on the
average, population increase does not have effect on the proxies of
environmental degradation that we have employed in the sampled
countries. Growing population is however noted to be associated with
increasing environmental degradation as population growth comes
with rise in economic activities, energy consumption, resource utiliza-
tion, deforestation, construction and transportation (Martinez-Zarzoso
et al., 2007; Opoku & Boachie, 2020). The results might be driven by
the sampled countries; our sample is OECD countries that have very
slow population growth rates. Overall, between the years 2000 and
2019, the population of regions across OECD countries grew annually
at an average rate of 0.4%, while substantial share of the regions in
Asia and Europe is witnessing decline in population (OECD, 2020).
Since the population is not growing much and even decreasing in
some OECD countries, the effect of population growth on the envi-

ronment may be insignificant.

4.2 | Further results: Method of Moments
Quantile Regression

In Tables 7-10 (without the interaction term), we report results based
on the Method of Moment Quantile regression, which accounts for
nonlinearity by controlling for distributional heterogeneity
(Machado & Santos Silva, 2019). Table 7 uses ecological footprint as
the dependent variable and shows that the effect of economic com-
plexity on ecological footprint is negative and statistically significant
(1-10% levels) across all quantiles (0.1-0.9) of the dependent variable.
Similarly, Table 8 (using CO, emissions as the dependent variable),
Table 9 (using N,O emissions as the dependent variable) and Table 10
(using GHG emissions as the dependent variable) show economic
complexity to have statistically significant effect on CO,, NO, and
GHG emissions, respectively, in all quantiles. Unlike the fixed effects
model estimation results reported in Tables 4 and 5, which show the

effect of the covariates at the conditional mean distribution of the
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dependent variable, the Method of Moments Quantile regression

- § § g f’?: g § g results show that rising economic complexity is associated with
‘3 g 8 8 g ;O,' ;Cé ?L decreasing environmental degradation all other things being equal.
;Oo' P SN Hence, at the varying conditional distributions (quantiles) of the
e § 8 *E :3 g § g § dependent variables, the effect of economic complexity is negative.
S ! < o o I 1 1 Also, unlike in Tables 4 and 5, the economic complexity is statistically
significant in all the estimated models.
In Table 11 (using ecological footprint as the dependent variable),
Table 12 (using CO, emissions as the dependent variable), Table 13
N _. (using N,O emissions as the dependent variable) and Table 14 (using
& § "~§ ;6; g g_ @ g GHG emissions as the dependent variable), we repeat the results in
S 8 3 g eeee Tables 7-10; however, we include the interactive term of economic
;’ §N %\ %_' :8 % 1& Eg complexity and income in each table. Table 11 shows that the coeffi-
8 2 SEl S ElSElS cient of the interactive term (between economic complexity and
© : "' income) is negative and statistically significant in all the quantiles. Sim-
ilarly, Tables 12-14 also show negative and statistically significant
coefficients for the interactive term in all the quantiles. This outcome
buttresses the results in Table 5. Next, we consider the marginal
5 55 & effects of economic complexity at the mean and percentile levels
= 2393833 8 (lower parts of Tables 11-14). The results indicate the marginal effect
§ 8; 8,' 3 ? ;TD’ Eo’ ? of economic complexity at the mean levels of income is negative for
\g’ fl\ i:o ?\ *g E :'r; *@ all the dependent variables. Except where the N,O emissions is the
E % § § g 5‘! $ $ 3 dependent variable, at the percentile levels of income, the results
show varying outcomes, however, generally positive at the lower per-
centiles (1%-5%) and negative effect at higher percentiles (50%-
99%). At all the percentile levels except 1%, marginal effect of eco-
nomic complexity is negative and statistically significant when N,O
1 & kol & emissions are the dependent variables. The interaction results
g g g g § § § é together with their marginal effects generally indicate that income
8; ? ? ;C-’; ; ; ; ; levels moderate the effect of economic complexity on environmental
o g é % é 8 § E ”@3 degradation. Largely, at higher levels of income, economic complexity
g < pa g S99 99°9 reduces environmental degradation all other things being equal.
Regarding the control variables, the income, population and tech-
nology variables have similar results as those reported in Tables 4 and
5. All the coefficients are generally positive and statistically significant
at varying quantiles. Unlike the fixed effects model estimation results
_ o5 & ’g‘ ’g ’i‘ ?g showing trade openness to have a negative coefficient, the quantile
"'g 'g § § g; g; g 8 regression results show a similar outcome as the PLFC model (linear
(=] s s 5 P o % i part in Table 6) for the trade openness variable. The coefficients of
8 ,§ % % 200! § § % % . t|.1e .t.rade openness variable are largely negative and statistically
o I c o o | 1T 1 1 i significant.
¢
z =
x n ©
2 $a 5 | CONCLUSION AND POLICY
8 £8 IMPLICATIONS
L & O
T S Y
E g g TE In this study, we employ data from 35 OECD countries over the
§ %5 g iQ period 1998-2017 and examine the effect of economic complexity on
< 8 E 51 environmental degradation. To broadly capture the environment, we
: % & E ? measure environmental degradation with ecological footprint, carbon
i _;EZ - E § % dioxide, nitrous oxide and total greenhouse gas emissions. From the
2 fg g E § a\: :’E: :ré: § E‘Z § %,' ; fixed effects model estimations, we show that increasing economic
- Zi complexity is associated with increasing environmental degradation.
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We also examine how income levels moderate the effect of economic
complexity on environmental degradation. The introduction of nonli-
nearity motivates us to employ the partial linear functional-
coefficient model, which is flexible and permits nonlinearity and het-
erogeneity across cross-sections and time. We show that income
moderates the effect of economic complexity on the environment;
specifically in the presence of high income, increase in economic
complexity reduces environmental degradation. To further substanti-
ate the results, we also employ the Method of Moment Quantile
regression, which accounts for nonlinearity by controlling for distri-
butional heterogeneity. We largely show that economic complexity
decreases environmental degradation in all quantiles. The findings
from the interaction of income and economic complexity in the quan-
tile regression estimations buttress those of the partial linear
functional-coefficient model, which suggests that, at higher income
levels, increasing economic complexity generally reduces environ-
mental degradation.

Considering that the effects of climate change is ravaging all over
the world and countries are racing to achieve the Sustainable Devel-
opment Goals, issues of environmental sustainability are top priorities
for developed countries. Based on the results, we recommend that
policies to promote green initiatives such as the use of renewable
energy and adherence to environmental sustainability regulations be
enhanced. Strict measures to cut emissions have to be put in place so
that increasing economic complexities and economic growth do not
come at the expense of the environment. Some of these measures
could include compelling firms to report their emission targets and
reductions, and those firms that do not meet the targets face strict
penalties. Policymakers can also assess firms' commitments to envi-
ronmental sustainability and those that pollute the environment with-
out remedial measures penalized.

As common in empirical research, our paper is not free from limi-
tations. Due to data limitations, we were unable to cover the whole of
the OECD countries and also to expand the years (beyond 1998-
2017). With access to data, future studies can expand the sample size
to ascertain the impact of economic complexity on environmental
degradation for more constructive conclusions. The results from our
study may have been influenced by the measurements (proxies) of the
variables used and the estimations methods used. We have tried to
cater for this as much as possible by employing four different environ-
mental degradation proxies and a battery of estimation methods.
Future studies may employ other proxies and estimation methods to
re-examine the issue addressed in this paper.
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ENDNOTES

1 We take a cue from Opoku and Aluko (2021) and Opoku et al. (2022) for
the model building.

2 We desire to consider all countries with OECD membership; however,
three countries (Iceland, Ireland and Luxembourg) were dropped due to
data-related issues.

3 Note that the dependent variables are logged and economic complexity
is not; hence, we find the antilog of the economic complexity
coefficients.

REFERENCES

Abbasi, K. R., Lv, K., Radulescu, M., & Shaikh, P. A. (2021). Economic com-
plexity, tourism, energy prices, and environmental degradation in the
top economic complexity countries: Fresh panel evidence. Environmen-
tal Science and Pollution Research, 28(48), 68717-68731. https://doi.
org/10.1007/s11356-021-15312-4

Acheampong, A. O., Dzator, J., Dzator, M., & Salim, R. (2022). Unveiling
the effect of transport infrastructure and technological innovation on
economic growth, energy consumption and CO2 emissions. Technolog-
ical Forecasting and Social Change, 182, 121843. https://doi.org/10.
1016/j.techfore.2022.121843

Adedoyin, F. F., Nwulu, N., & Bekun, F. V. (2021). Environmental degrada-
tion, energy consumption and sustainable development: Accounting
for the role of economic complexities with evidence from World Bank
income clusters. Business Strategy and the Environment, 30, 2727-
2740. https://doi.org/10.1002/bse.2774

Ahmed, Z., Adebayo, T. S., Udemba, E. N., Murshed, M., & Kirikkaleli, D.
(2021). Effects of economic complexity, economic growth, and renew-
able energy technology budgets on ecological footprint: the role of
democratic accountability. Environmental Science and Pollution
Research, 29, 24925-24940. https://doi.org/10.1007/s11356-021-
17673-2

Aluko, O. A, Ibrahim, M., & Vo, X. V. (2022). Toward achieving sustainable
development: Searching for economic development and globalization
thresholds in the foreign direct investment-environmental degradation
nexus. Sustainable Development, 30, 678-692. https://doi.org/10.
1002/sd.2265

Aluko, O. A,, Opoku, E. E. O., & Ibrahim, M. (2021). Investigating the envi-
ronmental effect of globalization: Insights from selected industrialized
countries. Journal of Environmental Management, 281, 111892. https://
doi.org/10.1016/j.jenvman.2020.111892

Alvarado, R., Tillaguango, B., Dagar, V., Ahmad, M., Isik, C., Méndez, P., &
Toledo, E. (2021). Ecological footprint, economic complexity and natu-
ral resources rents in Latin America: Empirical evidence using quantile
regressions. Journal of Cleaner Production, 318, 128585. https://doi.
org/10.1016/j.jclepro.2021.128585

Balsalobre-Lorente, D., Ibanez-Luzén, L., Usman, M., & Shahbaz, M.
(2022). The environmental Kuznets curve, based on the economic
complexity, and the pollution haven hypothesis in PIIGS countries.
Renewable Energy, 185, 1441-1455. https://doi.org/10.1016/j.renene.
2021.10.059

Bashir, M. F., Benjiang, M. A., Hussain, H. I, Shahbaz, M., Koca, K., &
Shahzadi, I. (2022). Evaluating environmental commitments to COP21
and the role of economic complexity, renewable energy, financial
development, urbanization, and energy innovation: Empirical evidence
from the RCEP countries. Renewable Energy, 184, 541-550. https://
doi.org/10.1016/j.renene.2021.11.102

85UBD17 SUOWILIOD) BAIREaID d|qedl|dde auy Ag pautenob e sapoiie YO ‘asn Jo sajn 1oy Akelq 1T auljuQ A3|1M UO (SUO I IPUOD-PUE-SULIBY WO AS 1M Afeuq 1 pU|UO//:SANL) SUOIIPUOD pue swie | 8y} 89S [£202/0T/ST] uo Akiqiauluo A ‘Aelq1 uoueyioig ayL sped JO AlseAIuN A 692€ 880/200T OT/I0p/Wod A8 1M Azeiqipul|uo//:sdny wouy pepeojumoq ‘9 ‘€202 ‘9£80660T


https://orcid.org/0000-0001-5628-766X
https://orcid.org/0000-0001-5628-766X
https://orcid.org/0000-0002-4961-5984
https://orcid.org/0000-0002-4961-5984
https://orcid.org/0000-0002-5462-5466
https://orcid.org/0000-0002-5462-5466
https://doi.org/10.1007/s11356-021-15312-4
https://doi.org/10.1007/s11356-021-15312-4
https://doi.org/10.1016/j.techfore.2022.121843
https://doi.org/10.1016/j.techfore.2022.121843
https://doi.org/10.1002/bse.2774
https://doi.org/10.1007/s11356-021-17673-2
https://doi.org/10.1007/s11356-021-17673-2
https://doi.org/10.1002/sd.2265
https://doi.org/10.1002/sd.2265
https://doi.org/10.1016/j.jenvman.2020.111892
https://doi.org/10.1016/j.jenvman.2020.111892
https://doi.org/10.1016/j.jclepro.2021.128585
https://doi.org/10.1016/j.jclepro.2021.128585
https://doi.org/10.1016/j.renene.2021.10.059
https://doi.org/10.1016/j.renene.2021.10.059
https://doi.org/10.1016/j.renene.2021.11.102
https://doi.org/10.1016/j.renene.2021.11.102

ALUKO ET AL.

2786 | Business Strat R
Wl LEY_ a#é]qﬁstnﬁrg%ent &iz E

Boleti, E., Garas, A., Kyriakou, A., & Lapatinas, A. (2021). Economic com-
plexity and environmental performance: Evidence from a world sam-
ple. Environmental Modeling and Assessment, 26(3), 251-270. https://
doi.org/10.1007/s10666-021-09750-0

Caglar, A. E., Zafar, M. W., Bekun, F. V., & Mert, M. (2022). Determinants
of CO2 emissions in the BRICS economies: The role of partnerships
investment in energy and economic complexity. Sustainable Energy
Technologies and Assessments, 51, 101907. https://doi.org/10.1016/j.
seta.2021.101907

Can, M., & Gozgor, G. (2017). The impact of economic complexity on car-
bon emissions: evidence from France. Environmental Science and Pollu-
tion Research, 24(19), 16364-16370. https://doi.org/10.1007/
s11356-017-9219-7

Carrién-Flores, C. E., & Innes, R. (2010). Environmental innovation and
environmental performance. Journal of Environmental Economics and
Management, 59(1), 27-42. https://doi.org/10.1016/j.jeem.2009.
05.003

Chavez, J. C., Mosqueda, M. T., & Gémez-Zaldivar, M. (2017). Economic
complexity and regional growth performance: Evidence from the
Mexican Economy. The Review of Regional Studies, 47(2), 201-219.
https://doi.org/10.52324/001¢.8023

Chernozhukov, V., & Hansen, C. (2008). Instrumental variable quantile
regression: A robust inference approach. Journal of Econometrics,
142(1), 379-398. https://doi.org/10.1016/j.jeconom.2007.06.005

Cho, J. H., & Sohn, S. Y. (2018). A novel decomposition analysis of green
patent applications for the evaluation of R&D efforts to reduce CO2
emissions from fossil fuel energy consumption. Journal of Cleaner Pro-
duction, 193, 290-299. https://doi.org/10.1016/j.jclepro.2018.05.060

Chu, L. K. (2021). Economic structure and environmental Kuznets curve
hypothesis: new evidence from economic complexity. Applied Econom-
ics Letters, 28(7), 612-616. https://doi.org/10.1080/13504851.2020.
1767280

Chu, L. K., & Hoang, D. P. (2020). How does economic complexity influ-
ence income inequality? New evidence from international data. Eco-
nomic Analysis and Policy, 68, 44-57. https://doi.org/10.1016/j.eap.
2020.08.004

Chu, L. K,, & Le, N. T. M. (2021). Environmental quality and the role of eco-
nomic policy uncertainty, economic complexity, renewable energy,
and energy intensity: The case of G7 countries. Environmental Science
and Pollution Research, 29, 2866-2882. https://doi.org/10.1007/
s11356-021-15666-9

Cole, M. A. (2004). Trade, the pollution haven hypothesis and the environ-
mental Kuznets curve: examining the linkages. Ecological Economics,
48(1), 71-81. https://doi.org/10.1016/j.ecolecon.2003.09.007

Copeland, B. R., & Taylor, M. S. (2004). Trade, growth, and the environ-
ment. Journal of Economic Literature, 42(1), 7-71. https://doi.org/10.
1257/.42.1.7

Danish, H. S., Baloch, M. A., Mahmood, N., & Zhang, J. W. (2019). Linking
economic growth and ecological footprint through human capital and
biocapacity. Sustainable Cities and Society, 47, 101516. https://doi.
org/10.1016/j.s¢s.2019.101516

Dogan, B., Balsalobre-Lorente, D., & Nasir, M. A. (2020). European com-
mitment to COP21 and the role of energy consumption, FDI, trade
and economic complexity in sustaining economic growth. Journal of
Environmental Management, 273, 111146. https://doi.org/10.1016/j.
jenvman.2020.111146

Dogan, B., Driha, O. M., Balsalobre Lorente, D., & Shahzad, U. (2021). The
mitigating effects of economic complexity and renewable energy on
carbon emissions in developed countries. Sustainable Development,
29(1), 1-12. https://doi.org/10.1002/sd.2125

Dogan, B., Saboori, B.,, & Can, M. (2019). Does economic complexity
matter for environmental degradation? An empirical analysis for differ-
ent stages of development. Environmental Science and Pollution
Research, 26(31), 31900-31912. https://doi.org/10.1007/s11356-
019-06333-1

Du, K., Zhang, Y., & Zhou, Q. (2020). Fitting partially linear functional-
coefficient panel-data models with Stata. The Stata Journal, 20(4),
976-998. https://doi.org/10.1177/1536867X20976339

Eskeland, G. S., & Harrison, A. E. (2003). Moving to greener pastures? Mul-
tinationals and the pollution haven hypothesis. Journal of Development
Economics, 70(1), 1-23. https://doi.org/10.1016/5S0304-3878(02)
00084-6

Grossman, G. M., & Krueger, A. B. (1991). Environmental impacts of a
North American free trade agreement. Working Paper No. 3914,
National Bureau of Economic Research, Cambridge.

He, K., Ramzan, M., Awosusi, A. A., Ahmed, Z., Ahmad, M., & Altuntas, M.
(2021). Does globalization moderate the effect of economic complex-
ity on CO2 emissions? Evidence from the top 10 energy transition
economies. Frontiers in Environmental Science, 9, 1-11. https://doi.org/
10.3389/fenvs.2021.778088

Hidalgo, C. A. (2021). Economic complexity theory and applications.
Nature Reviews Physics, 3(2), 92-113. https://doi.org/10.1038/
s42254-020-00275-1

Hidalgo, C. A., & Hausmann, R. (2009). The building blocks of economic
complexity. Proceedings of the National Academy of Sciences, 106(26),
10570-10575. https://doi.org/10.1073/pnas.0900943106

Ibrahim, M., & Vo, X. V. (2021). Exploring the relationships among innova-
tion, financial sector development and environmental pollution in
selected industrialized countries. Journal of Environmental Management,
284, 112057. https://doi.org/10.1016/j.jenvman.2021.112057

lkram, M., Xia, W., Fareed, Z., Shahzad, U., & Rafique, M. Z. (2021). Explor-
ing the nexus between economic complexity, economic growth and
ecological footprint: Contextual evidences from Japan. Sustainable
Energy Technologies and Assessments, 47, 101460. https://doi.org/10.
1016/j.seta.2021.101460

IPCC. (2014). Summary for policymakers. In Climate change 2014: Mitiga-
tion of climate change. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press.

Kazemzadeh, E., Fuinhas, J. A, & Koengkan, M. (2021). The impact of
income inequality and economic complexity on ecological footprint: an
analysis covering a long-time span. Journal of Environmental Economics
and Policy, 11, 133-153. https://doi.org/10.1080/21606544.2021.
1930188

Koch, P. (2021). Economic complexity and growth: Can value-added
exports better explain the link? Economics Letters, 198, 109682.
https://doi.org/10.1016/j.econlet.2020.109682

Koenker, R., & Bassett, G. (1978). Regression Quantiles. Econometrica,
46(1), 33-50. https://doi.org/10.2307/1913643

Lee, K., & Lee, J. (2020). National innovation systems, economic complex-
ity, and economic growth: country panel analysis using the US patent
data. Journal of Evolutionary Economics, 30(4), 897-928. https://doi.
org/10.1007/s00191-019-00612-3

Leitdo, N. C., Balsalobre-Lorente, D., & Cantos-Cantos, J. M. (2021). The
impact of renewable energy and economic complexity on carbon emis-
sions in BRICS countries under the EKC Scheme. Energies, 14(16),
4908. https://doi.org/10.3390/en14164908

Li, H. S., Geng, Y. C., Shinwari, R., Yangjie, W., & Rjoub, H. (2021). Does
renewable energy electricity and economic complexity index help to
achieve carbon neutrality target of top exporting countries? Journal of
Environmental Management, 299, 113386. https://doi.org/10.1016/j.
jenvman.2021.113386

Liddle, B. (2013). Population, affluence, and environmental impact across
development: evidence from panel cointegration modeling. Environ-
mental Modelling & Software, 40, 255-266. https://doi.org/10.1016/j.
envsoft.2012.10.002

Lindman, A., & Séderholm, P. (2016). Wind energy and green economy in
Europe: measuring policy-induced innovation using patent data.
Applied Energy, 179, 1351-1359. https://doi.org/10.1016/j.apenergy.
2015.10.128

85U8017 SUOWILLOD 3A1TE81D) 3ot [dde 8Ly Aq peusenob afe saone YO ‘88N JO S9|NJ 0} Akeid18UIIUO /8|1 UO (SUONIPUOD-PUR-SLLIBYWOD™ A8 | 1M AleIq 1 pUl|UO//SdNL) SUORIPUOD pue sWie | 341 89S *[£20Z/0T/ET] Uo ARiqiTauliuo (1M ‘AriqiT uoleyiolg 8y L spse JO AISeAIUN AQ 692€850/200T OT/I0P/WO0 A8 im A1 Ul |UO//STIY WO1) pepeo|umoqd 9 ‘EZ0Z ‘9E80660T


https://doi.org/10.1007/s10666-021-09750-0
https://doi.org/10.1007/s10666-021-09750-0
https://doi.org/10.1016/j.seta.2021.101907
https://doi.org/10.1016/j.seta.2021.101907
https://doi.org/10.1007/s11356-017-9219-7
https://doi.org/10.1007/s11356-017-9219-7
https://doi.org/10.1016/j.jeem.2009.05.003
https://doi.org/10.1016/j.jeem.2009.05.003
https://doi.org/10.52324/001c.8023
https://doi.org/10.1016/j.jeconom.2007.06.005
https://doi.org/10.1016/j.jclepro.2018.05.060
https://doi.org/10.1080/13504851.2020.1767280
https://doi.org/10.1080/13504851.2020.1767280
https://doi.org/10.1016/j.eap.2020.08.004
https://doi.org/10.1016/j.eap.2020.08.004
https://doi.org/10.1007/s11356-021-15666-9
https://doi.org/10.1007/s11356-021-15666-9
https://doi.org/10.1016/j.ecolecon.2003.09.007
https://doi.org/10.1257/.42.1.7
https://doi.org/10.1257/.42.1.7
https://doi.org/10.1016/j.scs.2019.101516
https://doi.org/10.1016/j.scs.2019.101516
https://doi.org/10.1016/j.jenvman.2020.111146
https://doi.org/10.1016/j.jenvman.2020.111146
https://doi.org/10.1002/sd.2125
https://doi.org/10.1007/s11356-019-06333-1
https://doi.org/10.1007/s11356-019-06333-1
https://doi.org/10.1177/1536867X20976339
https://doi.org/10.1016/S0304-3878(02)00084-6
https://doi.org/10.1016/S0304-3878(02)00084-6
https://doi.org/10.3389/fenvs.2021.778088
https://doi.org/10.3389/fenvs.2021.778088
https://doi.org/10.1038/s42254-020-00275-1
https://doi.org/10.1038/s42254-020-00275-1
https://doi.org/10.1073/pnas.0900943106
https://doi.org/10.1016/j.jenvman.2021.112057
https://doi.org/10.1016/j.seta.2021.101460
https://doi.org/10.1016/j.seta.2021.101460
https://doi.org/10.1080/21606544.2021.1930188
https://doi.org/10.1080/21606544.2021.1930188
https://doi.org/10.1016/j.econlet.2020.109682
https://doi.org/10.2307/1913643
https://doi.org/10.1007/s00191-019-00612-3
https://doi.org/10.1007/s00191-019-00612-3
https://doi.org/10.3390/en14164908
https://doi.org/10.1016/j.jenvman.2021.113386
https://doi.org/10.1016/j.jenvman.2021.113386
https://doi.org/10.1016/j.envsoft.2012.10.002
https://doi.org/10.1016/j.envsoft.2012.10.002
https://doi.org/10.1016/j.apenergy.2015.10.128
https://doi.org/10.1016/j.apenergy.2015.10.128

ALUKO ET AL.

Business Strategy

Liu, J., Caporin, M., Zheng, Y., & Yu, S. (2022). The effect of renewable
energy development on China's energy intensity: Evidence from
partially linear functional-coefficient panel data analyses. Journal of
Cleaner Production, 350, 131505. https://doi.org/10.1016/].jclepro.
2022.131505

Machado, J. A. F., & Santos Silva, J. M. C. (2019). Quantiles via moments.
Journal of Econometrics, 213(1), 145-173. https://doi.org/10.1016/j.
jeconom.2019.04.009

Majeed, M. T., Mazhar, M., Samreen, I., & Tauqir, A. (2021). Economic
complexities and environmental degradation: Evidence from OECD
countries. Environment, Development and Sustainability, 24, 5846-
5866. https://doi.org/10.1007/510668-021-01687-4

Martinez-Zarzoso, l., Bengochea-Morancho, A., & Morales-Lage, R. (2007).
The impact of population on CO2 emissions: evidence from European
countries. Environmental and Resource Economics, 38(4), 497-512.
https://doi.org/10.1007/s10640-007-9096-5

Miles, J. (2014). Tolerance and variance inflation factor. Wiley StatsRef:
Statistics Reference Online. https://doi.org/10.1002/9781118445112.
stat06593

Miyamoto, M., & Takeuchi, K. (2019). Climate agreement and technology
diffusion: Impact of the Kyoto Protocol on international patent
applications for renewable energy technologies. Energy Policy, 129,
1331-1338. https://doi.org/10.1016/j.enpol.2019.02.053

Nathaniel, S. P., Yalcginer, K., & Bekun, F. V. (2021). Assessing the environ-
mental sustainability corridor: Linking natural resources, renewable
energy, human capital, and ecological footprint in BRICS. Resources
Policy, 70, 101924. https://doi.org/10.1016/j.resourpol.2020.101924

Neagu, O. (2020). Economic complexity and ecological footprint: Evidence
from the most complex economies in the world. Sustainability, 12(21),
9031. https://doi.org/10.3390/su12219031

Neagu, O., & Teodoru, M. C. (2019). The relationship between economic
complexity, energy consumption structure and greenhouse gas
emission: Heterogeneous panel evidence from the EU countries.
Sustainability, 11(2), 497. https://doi.org/10.3390/su11020497

OECD. (2020), OECD regional statistics (database), OECD, Paris. https://
doi.org/10.1787/region-data-en

Opoky, E. E. O., & Aluko, O. A. (2021). Heterogeneous effects of industri-
alization on the environment: Evidence from panel quantile regression.
Structural Change and Economic Dynamics, 59, 174-184. https://doi.
org/10.1016/j.strueco.2021.08.015

Opokuy, E. E. O., & Boachie, M. K. (2020). The environmental impact of
industrialization and foreign direct investment. Energy Policy, 137,
111178. https://doi.org/10.1016/j.enpol.2019.111178

Opokuy, E. E. O., Dogah, K. E., & Aluko, O. A. (2022). The contribution of
human development towards environmental sustainability. Energy
Economics, 106, 105782. https://doi.org/10.1016/j.eneco.2021.105782

Pata, U. K. (2021). Renewable and non-renewable energy consumption,
economic complexity, CO2 emissions, and ecological footprint in the
USA: testing the EKC hypothesis with a structural break. Environmental
Science and Pollution Research, 28(1), 846-861. https://doi.org/10.
1007/511356-020-10446-3

Popp, D., Hascic, I., & Medhi, N. (2011). Technology and the diffusion of
renewable energy. Energy Economics, 33(4), 648-662. https://doi.org/
10.1016/j.enec0.2010.08.007

Rafique, M. Z., Nadeem, A. M., Xia, W., lkram, M., Shoaib, H. M., &
Shahzad, U. (2021). Does economic complexity matter for environ-
mental sustainability? Using ecological footprint as an indicator. Envi-
ronment, Development and Sustainability, 24, 4623-4640. https://doi.
org/10.1007/s10668-021-01625-4

Romero, J. P., & Gramkow, C. (2021). Economic complexity and green-
house gas emissions. World Development, 139, 105317. https://doi.
org/10.1016/j.worlddev.2020.105317

Shahbaz, M., Nasreen, S., Ahmed, K., & Hammoudeh, S. (2017). Trade
openness-carbon emissions nexus: the importance of turning points
of trade openness for country panels. Energy Economics, 61, 221-232.
https://doi.org/10.1016/j.eneco.2016.11.008

s B 2787
and the Environment &iz E_WI LEYJ_

Simoes, A. J. G., & Hidalgo, C. A. (2011). The economic complexity obser-
vatory: An analytical tool for understanding the dynamics of economic
development. In Workshops at the Twenty-Fifth AAAI Conference on
Artificial Intelligence.

Studenmund, A. H. (2011). Using econometrics: A practical guide. Pearson
Publishers.

Sun, Y., Bao, Q., Siao-Yun, W., Islam, M., & Razzaq, A. (2022). Renewable
energy transition and environmental sustainability through economic
complexity in BRICS countries: Fresh insights from novel Method of
Moments Quantile regression. Renewable Energy, 184, 1165-1176.
https://doi.org/10.1016/j.renene.2021.12.003

Swart, J., & Brinkmann, L. (2020). Economic complexity and the environ-
ment: Evidence from Brazil. In Universities and sustainable communities:
Meeting the goals of the agenda 2030 (pp. 3-45). Springer.

Wang, A, Hu, S., & Li, J. (2021). Does economic development help achieve
the goals of environmental regulation? Evidence from partially linear
functional-coefficient model. Energy Economics, 103, 105618. https://
doi.org/10.1016/j.eneco.2021.105618

Wang, W., Xiao, W., & Bai, C. (2022). Can renewable energy technology
innovation alleviate energy poverty? Perspective from the marketiza-
tion level. Technology in Society, 68, 101933. https://doi.org/10.1016/
j.techsoc.2022.101933

Yan, Z., Shi, R,, Du, K., & Yi, L. (2022). The role of green production process
innovation in green manufacturing: empirical evidence from OECD
countries. Applied Economics, 1-13. https://doi.org/10.1080/
00036846.2022.2083569

Yan, Z., Zou, B., Du, K., & Li, K. (2020). Do renewable energy technology
innovations promote China's green productivity growth? Fresh evi-
dence from partially linear functional-coefficient models. Energy Eco-
nomics, 90, 104842. https://doi.org/10.1016/j.eneco.2020.104842

Yilanci, V., & Pata, U. K. (2020). Investigating the EKC hypothesis for
China: the role of economic complexity on ecological footprint. Envi-
ronmental Science and Pollution Research, 27, 32683-32694. https://
doi.org/10.1007/s11356-020-09434-4

Yonghong, A., Cheng, H., & Dong, L. (2016). Semiparametric estimation of
partially linear varying coefficient panel data models. In Essays in honor
of Aman Ullah. Emerald Group Publishing Limited. https://doi.org/10.
1108/50731-905320160000036011

York, R., Rosa, E. A., & Dietz, T. (2003). STIRPAT, IPAT and ImPACT: Ana-
lytic tools for unpacking the driving forces of environmental impacts.
Ecological Economics, 46(3), 351-365. https://doi.org/10.1016/50921-
8009(03)00188-5

You, W., Zhang, Y., & Lee, C.-C. (2022). The dynamic impact of economic
growth and economic complexity on CO2 emissions: An advanced
panel data estimation. Economic Analysis and Policy, 73, 112-128.
https://doi.org/10.1016/j.eap.2021.11.004

Zheng, F., Zhou, X., Rahat, B., & Rubbaniy, G. (2021). Carbon neutrality tar-
get for leading exporting countries: On the role of economic complexity
index and renewable energy electricity. Journal of Environmental Manage-
ment, 299, 113558. https://doi.org/10.1016/j.jenvman.2021.113558

Zhuy, S., & Li, R. (2017). Economic complexity, human capital and economic
growth: Empirical research based on cross-country panel data. Applied
Economics, 49(38), 3815-3828. https://doi.org/10.1080/00036846.
2016.1270413

How to cite this article: Aluko, O. A., Opoku, E. E. O., &
Acheampong, A. O. (2023). Economic complexity and
environmental degradation: Evidence from OECD countries.
Business Strategy and the Environment, 32(6), 2767-2788.
https://doi.org/10.1002/bse.3269

85U8017 SUOWILLOD 3A1TE81D) 3ot [dde 8Ly Aq peusenob afe saone YO ‘88N JO S9|NJ 0} Akeid18UIIUO /8|1 UO (SUONIPUOD-PUR-SLLIBYWOD™ A8 | 1M AleIq 1 pUl|UO//SdNL) SUORIPUOD pue sWie | 341 89S *[£20Z/0T/ET] Uo ARiqiTauliuo (1M ‘AriqiT uoleyiolg 8y L spse JO AISeAIUN AQ 692€850/200T OT/I0P/WO0 A8 im A1 Ul |UO//STIY WO1) pepeo|umoqd 9 ‘EZ0Z ‘9E80660T


https://doi.org/10.1016/j.jclepro.2022.131505
https://doi.org/10.1016/j.jclepro.2022.131505
https://doi.org/10.1016/j.jeconom.2019.04.009
https://doi.org/10.1016/j.jeconom.2019.04.009
https://doi.org/10.1007/s10668-021-01687-4
https://doi.org/10.1007/s10640-007-9096-5
https://doi.org/10.1002/9781118445112.stat06593
https://doi.org/10.1002/9781118445112.stat06593
https://doi.org/10.1016/j.enpol.2019.02.053
https://doi.org/10.1016/j.resourpol.2020.101924
https://doi.org/10.3390/su12219031
https://doi.org/10.3390/su11020497
https://doi.org/10.1787/region-data-en
https://doi.org/10.1787/region-data-en
https://doi.org/10.1016/j.strueco.2021.08.015
https://doi.org/10.1016/j.strueco.2021.08.015
https://doi.org/10.1016/j.enpol.2019.111178
https://doi.org/10.1016/j.eneco.2021.105782
https://doi.org/10.1007/s11356-020-10446-3
https://doi.org/10.1007/s11356-020-10446-3
https://doi.org/10.1016/j.eneco.2010.08.007
https://doi.org/10.1016/j.eneco.2010.08.007
https://doi.org/10.1007/s10668-021-01625-4
https://doi.org/10.1007/s10668-021-01625-4
https://doi.org/10.1016/j.worlddev.2020.105317
https://doi.org/10.1016/j.worlddev.2020.105317
https://doi.org/10.1016/j.eneco.2016.11.008
https://doi.org/10.1016/j.renene.2021.12.003
https://doi.org/10.1016/j.eneco.2021.105618
https://doi.org/10.1016/j.eneco.2021.105618
https://doi.org/10.1016/j.techsoc.2022.101933
https://doi.org/10.1016/j.techsoc.2022.101933
https://doi.org/10.1080/00036846.2022.2083569
https://doi.org/10.1080/00036846.2022.2083569
https://doi.org/10.1016/j.eneco.2020.104842
https://doi.org/10.1007/s11356-020-09434-4
https://doi.org/10.1007/s11356-020-09434-4
https://doi.org/10.1108/S0731-905320160000036011
https://doi.org/10.1108/S0731-905320160000036011
https://doi.org/10.1016/S0921-8009(03)00188-5
https://doi.org/10.1016/S0921-8009(03)00188-5
https://doi.org/10.1016/j.eap.2021.11.004
https://doi.org/10.1016/j.jenvman.2021.113558
https://doi.org/10.1080/00036846.2016.1270413
https://doi.org/10.1080/00036846.2016.1270413
https://doi.org/10.1002/bse.3269

,,,,,,,,,,,,,, B ALUKO ET AL.

2788 Busi Strat .
788 | \WiLEY— B

APPENDIX A

TABLE 1A List of OECD countries in the sample and ranking based on economic complexity

Country Rank Country Rank Country Rank Country Rank Country Rank
Australia 79 Czech Republic 7 Hungary 14 Mexico 21 Slovenia 12
Austria 9 Denmark 25 Israel 20 Netherlands 22 Spain 36
Belgium 18 Estonia 27 Italy 17 New Zealand 50 Sweden 8
Canada 30 Finland 11 Japan 1 Norway 38 Switzerland 3)
Chile 77 France 16 Korea Republic 5 Poland 23 Turkey 40
Colombia 56 Germany 4 Latvia 35 Portugal 48 United Kingdom 13
Costa Rica 53 Greece 52 Lithuania 32 Slovak Republic 15 United States 10

Note: The countries are ranked based on the latest (2019) economic complexity ranking in OEC (https://oec.world/en/rankings).
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