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Abstract

Many studies examined the association between gross domestic production (GDP) and
environmental pollution to test the inverted U-shaped environmental Kuznets curve (EKC)
hypothesis for varied country groups. Although it has useful implications for achieving a
climate—neutral world economy, the exploration of the relationship is yet limited for oil-
rich economies. On the other hand, the ambiguity of the available EKC evidence addresses
the consideration of other pillars of economic development. Therefore, this paper tests the
EKC hypothesis comparatively in the separate non-linear effects of financial and indus-
trial development, as well as the traditional GDP-based economic development, on per
capita fossil carbon dioxide (CO,) emissions for the Organization of the Petroleum Export-
ing Countries (OPEC) bloc. Financial development is proxied by the financial institutions
development index, industrial development is measured by per capita industry value-
added, and traditional economic development is indicated by per capita GDP. The trade,
financial, social, and political dimensions of globalization are also incorporated as control
variables in these three models. The paper applies the cross-sectionally augmented autore-
gressive distributed lag (CS-ARDL) estimator to a dataset from ten OPEC members over
the 1980-2019 period. The results clearly contradict the EKC hypothesis and reveal rather
a persistent U-shaped pattern for all models in both the short-run and the long-run. In addi-
tion, financial globalization is negatively associated and political globalization is positively
associated with CO2 emissions. The paper discusses how such oil-rich countries as OPEC
may decouple economic growth, financial development, and industrialization trajectories
from environmental pollution induced by fossil CO2 emissions.

Keywords CO, emissions - EKC - Economic growth - Financial development - Industrial
development - OPEC

1 Introduction

The global emissions of greenhouse gases (GHG) show a persistent growth trend histori-

cally without a sign of peaking. According to the estimates of the Emissions Database for
Global Atmospheric Research (EDGAR) (Crippa et al., 2021; EDGAR, 2022), the amount
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of annual GHG emissions caused by anthropogenic activities summed to about 24 giga-
tons (billion tons) in 1970 but increased steadily over the years (with a few exceptions
of 1980-1982, 1992, and 2009) and exceeded 51 gigatons in 2018, with a yearly-average
of about 36 gigatons. Over the 1970-2020 period, the use of fossil fuel resources such as
coal, oil, and natural gas emitted an average amount of about 26 gigatons of carbon dioxide
(CO,) each year which was about 16 gigatons in 1970 and reached 38 gigatons in 2019.
Thus, fossil CO, has persistently remained the key component of GHG emissions with a
share close to three—fourths. Although global fossil CO, emissions fell by 5.14% to about
36 gigatons in 2020 from about 38 gigatons in 2019 due to worldwide coronavirus-related
lockdowns, it seems to have reached the pre-pandemic level soon, leaving only a temporary
break in global emissions data.

Meanwhile, it is now well-understood that this CO, emanation caused by fossil fuel use
threatens the world ecosystem increasingly in many ways related to global warming and
climate change problems (Thio et al., 2022). Thus, identifying the determinants of car-
bon intensity is crucial to find policy alternatives to reduce carbon emissions. Herein, the
link between economic development and environmental degradation has always received
great attention from both researchers and policymakers in different countries. Given the
close association between human production activities and fossil CO, emissions, a strong
body of the environmental literature has been increasingly examining the drivers of CO,
emissions caused by the use of non-renewable fossil energy resources (coal, oil, and natu-
ral gas) for different samples of both individual and groups of countries (AlKhars et al.,
2022; Purcel, 2020; Shahbaz & Sinha, 2019). The predominant approach in these studies
builds on the well-known environmental Kuznets curve (EKC) hypothesis, which origi-
nally predicts an inverted U-shaped relationship between environmental pollution and eco-
nomic development indicators. Indeed, there is a vast literature on the relationship between
carbon-induced environmental pollution and income-indicated economic development
since the bell-shaped EKC pattern was first unveiled and coined in the early-1990s (Gross-
man & Krueger, 1991, 1995; Panayotou, 1993; Stern et al., 1996). According to the EKC
hypothesis, economic expansion exacerbates the level of pollution in the early stages of
development (the scale effect). This effect occurs because countries mostly prefer increas-
ing production and generating employment opportunities to the improvement of environ-
mental quality at the early development stages. Nevertheless, the strong pollution—pro-
duction nexus weakens with the structural changes in the relative shares of agricultural,
industrial, and service production (the composition effect). In the further stage of economic
development, environmental pollution starts decreasing through the increasing adoption of
environmentally-friendly technologies and growing societal awareness of environmental
concerns (Chen et al., 2020; Lorente & Alvarez-Herranz, 2016).

Studies with the linear approach mostly show that countries’ environmental pollu-
tion driven by CO, emissions is still linked to gross domestic production (GDP) growth,
although some quadratic EKC research shows that the link is weakening. The latter argu-
ment motivates policy-makers to formulate and implement policy actions for easing the
environmental costs of economic development, but they have not been provided with clear
evidence. Indeed, as previous literature surveys indicate, the EKC results are inconclusive
inherently. The unclearness of evidence is usually attributed to the varied choices of con-
texts, periods, variables, and methodological procedures. Notwithstanding the sturdy con-
sensus on the measures of environmental degradation by CO, and/or GHG emissions, there
is no stable list of the determinants of environmental pollution as many studies identified
miscellaneous factors that affect emissions pollution differently. The EKC literature persis-
tently focuses on the GDP-emissions nexus by also considering various control variables

@ Springer



Environmental pollution effects of economic, financial, and...

including both economic and non-economic indicators, customized for the characteristics
of the covered samples (AlKhars et al., 2022; Al-Mulali et al., 2022; Nahman & Antrobus,
2005; Purcel, 2020; Shahbaz & Sinha, 2019; Sun et al., 2020).

Meanwhile, the probes of the EKC pattern for oil-rich countries provide useful research
and policy lessons for international efforts to mitigate global carbon intensity. Regarding
this, the Organization of the Petroleum-Exporting Countries (OPEC) bloc, which currently
has about 80% of the world’s proven oil reserves and supplies about 40% of the world’s oil
demand (OPEC, 2022), is a practical case. The OPEC bloc declared its commitments to
not only the stability of global energy markets but also environmental protection (OPEC,
2007) and all OPEC members are signatories to the United Nations Framework Conven-
tion on Climate Change (OPEC, 2022). Yet, as a bloc, the OPEC remains lower-ranked
compared to not only advanced countries but also developing countries in terms of some
environmental performance indicators (EDGAR, 2022; NRGI, 2022; SEDAC, 2022). Over
the 1970-2019 period, the 13-country OPEC bloc has about a 4.7% share in total global
fossil CO, emissions. Even though this share seems to be relatively small, their carbon
intensity of 8.9 tons of per capita fossil CO, emissions almost doubled the world aver-
age of 4.5 tons during the period (EDGAR, 2022; Crippa et al., 2021). Although the EKC
literature on the OsPEC, as individual members (Charfeddine & Khediri, 2016; Mrabet &
Alsamara, 2017; Xu et al., 2018) and/or as a bloc (Coskuner et al., 2020; Fakher & Inglesi-
Lotz, 2022; Moutinho et al., 2020; Murshed et al., 2020; Saboori et al., 2016; Tarazkar
et al., 2021; Yusuf et al., 2020), is expanding recently, the available empirical evidence is
yet scant and inconclusive without a consensus on the relationship pattern.

On the other hand, the instability of the existing evidence on the EKC hypothesis has
brought out a debate that per capita GDP, albeit its empirical usefulness, may not be the
best variable to proxy economic development. Therefore, a recent research strand argues
some changes in the structure of the EKC pattern and suggests the consideration of other
pillars of economic development such as financial development (Rani et al., 2022a; Ruza
& Caro-Carretero, 2022; Shah et al., 2019) and industrial development (Dogan & Inglesi-
Lotz, 2020; Lin et al., 2016), as well as some composite socio-economic development indi-
cators (Babu & Datta, 2013; Jena et al., 2022) when testing the EKC hypothesis.

Therefore, addressing both the limited research on oil-rich countries and the overall
need for the consideration of other pillars of economic development, this study tests the
EKC hypothesis comparatively for the separate effects of financial, industrial, and GDP-
based economic development on carbon pollution in the case of OPEC bloc. The study also
considers the dimensions of globalization as control variables and analyzes the 1980-2019
period of 10 (Algeria, Republic of Congo, Gabon, Iran, Kuwait, Libya, Nigeria, Saudi Ara-
bia, the United Arab Emirates, and Venezuela) OPEC members. The study will contribute
to the directions in the relevant literature in mainly four ways. (i) It provides a comparison
of the traditional EKC hypothesis with industry-based and financial EKC patterns. (ii) It
tests the EKC patterns in the case of OPEC, which is an experimentally-useful bloc to
examine the EKC patterns for oil-rich countries with some common energy/environment
policies. (iii) Unlike most studies that focus on trade openness, our study incorporates
comprehensively the trade, financial, social, and political components of globalization,
that have not been considered separately and simultaneously for the OPEC sample. (iv)
The study follows the recent methodological advances and provides both the short-run and
long-run results that are robust to cross-sectional dependence, heterogeneity, mixed inte-
gration orders, and endogeneity concerns.

The rest of the paper is planned as follows. The next section gives an outlook on some
environmental performance trends in OPEC. Section 3 presents the directions in the
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literature reviewed both theoretically and empirically. Section 4 introduces hypotheses,
variables, data, and regression models. After Sect. 5 describes the adopted analysis proce-
dures, Sect. 6 provides the obtained empirical results. Finally, the study concludes with a
brief discussion of some implications in the last section.

2 Key environmental trends in OPEC

OPEC is a permanent, intergovernmental organization created by Iran, Iraq, Kuwait,
Saudi Arabia, and Venezuela at the Baghdad Conference in 1960 to coordinate and unify
petroleum policies among members. These founders were later joined by Libya (1962),
the United Arab Emirates-U.A.E. (1967), Algeria (1969), Nigeria (1971), Gabon (1975),
Angola (2007), Equatorial Guinea (2017), and the Republic of the Congo (2018) (OPEC,
2022). The OPEC members have different environmental performances with some com-
mon trends. For the 1980-2019 average, the OPEC bloc is responsible for about a 5.14%
share of the world’s total fossil CO, emissions. As seen in Table 1, the fossil CO, emis-
sions in OPEC members are relatively lower than that of top emitters such as China,
the United States, and Russia. However, when population size is corrected, most OPEC
members, notably U.A.E., Kuwait, and Saudi Arabia, are observed above the world aver-
age in terms of carbon intensity measured by per capita fossil CO, emissions (Table 1).
Yearly trends shown in Fig. 1 demonstrate that, notwithstanding some declines over the
1970-1990 period, the OPEC average of carbon intensity also remains higher than that of
the world average. Again, some OPEC members such as Algeria, Equatorial Guinea, and
Libya have lower scores in terms of 2017 resource governance indicators (Table 2). Like-
wise, the OPEC average of 2020 environmental performance index (EPI) scores shown
in Table 3, is lower than that of the groups of the European Union, the Organization for
Economic Co-operation and Development (OECD) countries, group of twenty (G-20), and
emerging market economies.

OPEC members declared its commitments to the stability of global energy markets,
responsible exploration and extraction of energy for sustainable development, protection
of the environment, and the United Nations Framework Convention on Climate Change
(OPEC, 2007; OPEC, 2022). Yet, as a bloc, the OPEC group remains lower ranked com-
pared to not only advanced countries but also developing countries in terms of some emis-
sions mitigating and resource governance indicators.

3 Theory and evidence

Kuznets (1955) first observed and hypothesized an inverted U-shaped relationship between
economic growth and inequality in the distribution of income. Then, this phenomenon was
named the Kuznets curve. Grossman and Krueger (1991, 1995) found a similar pattern
in the relationship between economic growth and environmental deterioration. Since its
unveiling, the EKC literature has expanded with new studies examining the impact of eco-
nomic growth on environmental degradation with references to the scale, composition, and
technical effects (AlKhars et al., 2022; Lorente & Alvarez-Herranz, 2016; Purcel, 2020;
Shahbaz & Sinha, 2019).

The scale effect indicates that increases in production will scale up environ-
mental pollution because of the increasing demand for energy supplied mostly by
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Table 1 Fossil CO, emissions in OPEC members and top emitters (1980-2019 annual avg.)

Country Total fossil CO, emissions. Million Carbon intensity: Per capita
metric tons fossil CO, emissions. Metric
tons
OPEC members
Iran 376.10 (14) 5.53 (67)
Saudi Arabia 321.31 (19) 14.31 (15)
Venezuela 130.69 (31) 5.41 (69)
UAE 111.01 (35) 28.35 (4)
Iraq 101.33 (37) 4.05 (83)
Algeria 97.08 (38) 3.07 (100)
Nigeria 91.87 (39) 0.76 (152)
Kuwait 61.59 (50) 25.35(5)
Libya 45.79 (59) 8.78 (41)
Angola 18.27 (82) 1.07 (143)
Gabon 6.09 (108) 5.18 (72)
Rep. of Congo 3.76 (126) 1.11 (142)
Eq. Guinea 3.08 (132) 3.60 (92)
Top emitters
China 5,406.81 (1) 4.11 (81)
United States 5,318.45(2) 19.18 (8)
Russia 1,846.54 (3) 12.77 (18)
Japan 1,174.80 (4) 9.32 (35)
India 1,157.15 (5) 1.03 (145)
Germany 914.64 (6) 11.40 (21)
United Kingdom 533.41 (7) 8.97 (39)
Canada 519.28 (8) 16.91 (12)
Ukraine 482.68 (9) 9.79 (29)
South Korea 428.71 (10) 9.03 (38)
World 26,636.44 4.47

Numbers in () are county ranks among the covered 208 countries/territories
Sources: Authors’ compilations based on EDGAR (2022) and Crippa et al. (2021)

non-renewable fossil resources. At this stage, the focus of policymakers is to boost eco-
nomic growth rather than environmental quality. In this upward trajectory, economic
growth is triggered by an overall enhancement of the agricultural, manufacturing, and
industrial sectors. The composition effect indicates mixed mechanisms through which
the structural changes scale up and down environmental pollution. The structural shift
occurs either from agricultural to industrial production or from industrial to service pro-
duction. If the capital-intensive industrial production pollutes more than labor-intensive
agricultural and services production, the environmental pollution increases due to the
initial shift in the composition of the economic structure. At this stage, countries also
experience some environmentally-friendly developments such as the increasing adop-
tion of energy-saving technologies and societal awareness of environmental concerns.
Thus, the turning points are observed within the composition effect phase. The techni-
cal effect refers to the downward slope of the EKC. This occurs through the vitalized
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Fig. 1 Fossil CO, emissions intensity in the world and 13—country OPEC bloc (1970-2019). Source:
EDGAR (2022) and Crippa et al. (2021)

Table 2 2017 resource governance indices and component scores in OPEC members

Country Overall resource gov- Value realization =~ Revenue manage- Enabling
ernance index score ment score environment
score
Algeria 33%%(73) 40%* 25% 35%*
Angola 35%%(70) 50%#* 31w 25°%
Rep. of Congo 39%*(58) 45k 44k 29*
Eq. Guinea 22*(85) 29% 18%* 17*
Gabon 36%*(65) 18* 47w 44%%
Iran 38%%(62) 36%* 45 345k
Iraq 38%*(61) 52k 47w 16*
Kuwait 54%%%(33) 44%* SP* 67H***
Libya 18%(87) 27%* 20% 6*
Nigeria 42%%(55) 50%#* 44k 31#*
Saudi Arabia 36%*(69) 23% 24% 60 ##*
UAE 42%%(54) 32%% 16%* Pk S
Venezuela 33*%(74) 48k 34585k 17*

Scores are based on the assessments of the oil and gas sectors. Index ranks are in () among 89 countries.
Scores vary between O (the worst) and 100 (the best)

###4%: Good performance (>75). **#%: Satisfactory performance (60-74). ***: Weak performance (45—
59). **: Poor performance (30—44). *: Failing performance (< 30)

Source Natural Resource Governance Institute (NRGI, 2022)

increases in resource productivity, displacement of polluting technologies by cleaner
technologies, investment in the development of environmental technologies, and further
shifts from the capital-intensive to knowledge-intensive production structures.
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Table 3 2020 environmental performance index (EPI) scores in OPEC and comparison with different coun-
try groups

Country 2020 EPI  Ten-year change  Other groups 2020 EPI avg
UAE (42) 55.6 +11.3 27 European Union countries* 70.7
Kuwait (47) 53.6 +12.8

Venezuela (59) 50.3 -0.5

Iran (67) 48.0 +9.1 36 OECD countries* 70.7
Gabon (76) 45.8 +4.4

Algeria (84) 448 +0.5

Saudi Arabia (91) 44.0 +6.4 G-20 countries* 58.2
OPEC average 42.6 -

Iraq (106) 39.5 +0.2

Eq. Guinea (115) 38.1 +9.6 27 emerging markets* 494
Nigeria (151) 31.0 +3.6

Rep. of Congo(154) 30.8 -1.5

Angola (158) 29.7 +53

2020 index ranks are in () among the covered 180 countries. Data is not available for Libya. *Countries in
the groups, as well as their scores and ten—year changes, are available in Wendling et al. (2020)

Source: Wendling et al. (2020) and SEDAC (2022)

We argue that these three channels may be also true for the effects of financial and
industrial development as they tend to follow the economic growth pathways. Therefore,
we extend the GDP-based EKC pattern as in Fig. 2.

On the other hand, globalization is a worldwide process of international integration of
goods and services markets (trade globalization) and financial markets (financial globaliza-
tion). Besides these economic dimensions, globalization leads to increases in international

Environmental pollution
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>
Economic development

Gross domestic production
Industrial production
Financial development

Fig.2 The extended EKC pattern
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tourism, education, and migration activities, which also enhance international communica-
tion and information transfers (social globalization). Furthermore, in addition to these soci-
oeconomic aspects, governments may stimulate globalization through more involvement in
multilateral treaties and global programs of international organizations (political globaliza-
tion). As globalization has some channels through which it may both intensify and ease
local pollution, its multifaceted environmental consequences are becoming a concern in the
environmental literature (Wang et al., 2021; Gaies et al., 2022).

Considering the theoretical grounds, we grouped our literature survey into four groups
by the environmental impacts of GDP, financial development, industrialization, and glo-
balization. The literature review is restricted to panel studies that cover developing and
emerging countries, especially including OPEC and other fossil-resource-rich countries.
Although some studies (e.g., Chang, 2015; Yusuf et al., 2020; Alao et al., 2021; Dan-
maraya et al., 2021; Mahmood et al., 2021; Padhan et al., 2021; Cakmak & Acar, 2022;
Torember et al., 2022; Ogunsola & Tipoy, 2022) take the energy indicators of environmen-
tal degradation addressing the close link between non-renewable energy consumption and
environmental pollution, we adopt an effect-based approach and focus on the studies that
deal with the environmental pollution concept. Addressing its large share in overall GHG
fluxes, studies mostly consider the emission levels of the CO, pollutant as either total or
per capita, as a proxy for environmental pollution. There are also studies, albeit fewer, that
take ecological footprint or total GHG emissions, as well as some environmental perfor-
mance indices from a broader perspective to environmental degradation, for which CO,
emissions yet remain decisive.

3.1 Income-environment nexus: EKC studies

Notwithstanding its critics on both empirical and theoretical grounds (Narayan &
Narayan, 2010; Perman & Stern, 2003; Stern, 2004), the EKC literature has been grow-
ing with new studies covering different countries and using ever-changing empirical
methods. An immense literature has supported the EKC hypothesis. Using the dynamic
ordinary least squares (DOLS) and fully modified ordinary least squares (FMOLS)
techniques, Charfeddine and Mrabet (2017) show the existence of the EKC pattern in
the GDP and ecological footprint relationship for 15 MENA countries and oil-export-
ing Middle East and North Africa (MENA) countries’ sub-panel over the 1975-2007
period. The fixed-effect and instrumental variable regressions of Hanif and Gago-de-
Santos (2017) validate the EKC pattern in a large sample of 86 developing countries
over the period 1972-2011. Employing the dynamic seemingly unrelated cointegrating
regressions over the 2007-2016 period, Fethi and Rahuma (2019) provide support to the
EKC hypothesis for 20 oil-exporting countries. Zafar et al. (2019) adopt continuously
updated fully modified and continuously updated bias-corrected approaches to a dataset
covering the 1990-2015 period of emerging economies and provide support to the EKC
hypothesis. The panel least squares and fixed-effect quantile regression estimations of
Akram et al. (2020) find some evidence supporting the EKC pattern for 66 developing
countries over the 1990-2014 period. Coskuner et al. (2020) confirm the EKC hypoth-
esis for 12 OPEC countries during 1995-2016 using the FMOLS technique. Le and
Ozturk (2020) employ the long-run common correlated effects (CCE), dynamic CCE,
and augmented mean group (AMG) estimators for a panel of 47 emerging market and
developing economies between 1990 and 2014 and find evidence supporting the EKC
hypothesis. The cross-sectionally augmented autoregressive distributed lag (CS-ARDL)
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estimates of Mensah et al. (2021) give some evidence confirming the EKC pattern for
the 1990-2018 period of 26 African economies. Again, the CS-ARDL estimates of
Mehmood (2022) over 1990-2017 also reveal that economic growth-CO, emissions
association tends to follow an EKC pattern in South Asian countries.

The validity of the EKC hypothesis is weakened by the mixed results of some other
studies. Applying the moments quantile regression method with fixed-effect to a dataset
over the period 1980-2010 for 15 oil-producing countries, Ike et al. (2020) find an EKC
pattern only at the median and higher emission countries. Most panel research tends to
face the country heterogeneity concern that inhibits the generalization of panel results to
individual countries. Narayan and Narayan (2010) test the EKC hypothesis for 43 develop-
ing countries over the 1980-2004 period. Their county-level estimates show that for some
resource-rich countries, the income elasticity of CO, emissions is smaller in the long-run
than that in the short-run, which they interpret as support for the EKC hypothesis. How-
ever, their regional panel estimates reveal that the EKC pattern is confirmed for only the
Middle Eastern and South Asian panels. By employing the panel ARDL approach for the
1977-2008 period, Saboori et al. (2016) compare the short-run and long-run income elas-
ticities of ecological footprint and show that the validity of the EKC hypothesis varies with
both supporting and rejecting findings for 10 members of OPEC. Using the quantile regres-
sion and DOLS approaches for data from 1995 to 2016, Onifade (2022) finds that, in gen-
eral, income growth leads to increases in environmental pollution but does not exhibit a
clear EKC pattern for some oil-producing African economies.

Given the immense literature at the macro level, fewer studies examine sector-wise EKC
hypothesis. One of these studies is that of Htike et al. (2021) which employs an ARDL
model for a dataset of 86 countries over the 1990-2015 period. They find that electricity
and heat production, commercial and public services, and other energy industry own use
follow the EKC pattern. Another sectoral study is that of Moutinho et al. (2020), which
investigates the EKC hypothesis for seven sectors in OPEC members using panel-corrected
standard errors and convergence estimations on a dataset from 1992 to 2015 and provides
mixed relationships. Murshed et al. (2020) examine the EKC hypothesis in the case of 12
OPEC members by utilizing data on both the aggregate gross value-added and the service
value-added between 1992 and 2015. Their results reveal that although the EKC hypothesis
holds in the case of the CO, effects of gross value-added, the associations in the sectoral
levels tend to change that the EKC hypothesis holds only in the context of construction ser-
vices among the restaurant services, tourism, and transportation services.

Several studies also distinguish between pollutants. One example is that of Alsamara
et al. (2018). Covering the 1980-2017 period of the Gulf Cooperation Council region and
considering CO, and sulfur dioxide emissions, they find an EKC pattern between GDP
and the emissions of both pollutants. However, their results tend to change over individ-
ual countries and the utilized measures. Yusuf et al. (2020) investigate the relationship
between GHG emissions and output growth for African OPEC countries using the panel
ARDL mean group and pooled mean group estimators for the period 1970-2016. Their
findings show a positive impact of economic growth on both CO, and methane emissions
in the long run. But their results confirm the existence of EKC only in the case of the meth-
ane emissions model. Using traditional analysis methods for composite indicators of 22
developing countries over the period 1980 to 2008, Babu and Datta (2013) mostly evidence
an N-shaped pattern in the link between composite development and environmental degra-
dation indices. Fakher and Inglesi-Lotz (2022) uses a composite environmental index con-
taining the varied dimensions of environmental quality. By applying continuously updated
fully modified and bias-corrected techniques to the panel of some OECD countries and

@ Springer



M. Demiral et al.

OPEC members from 2000 to 2019, they find an inverted N-shaped relationship between
the environmental quality index and GDP for the OPEC countries.

Besides, some studies provide clear evidence of the invalidity of the EKC pattern. Using
the generalized method of moments (GMM) dynamic panel method, Abid (2016) finds
no evidence for the EKC hypothesis by showing a monotonically increasing relationship
between GDP and CO, emissions for a panel of 25 Sub-Saharan African economies over
the period 1996-2010. Acar et al. (2018) employ the fixed-effect and GMM techniques for
the 1970-2016 period and provide no support for the EKC pattern as they found an inverted
N-shaped relationship for the OPEC sample. The estimates of Moutinho et al. (2020) also
reject the EKC hypothesis as they evidence a U-shaped relationship for 12 OPEC members
from 1992 to 2015. The DOLS and FMOLS estimations of Ansari et al. (2020) do not sup-
port the EKC hypothesis for the economic growth—ecological footprint nexus in the case of
the Gulf Cooperation Council countries over the period 1991-2017. The results of Ulucak
et al. (2020) also indicate that EKC does not hold in the relationship between economic
growth and ecological footprint in emerging countries over the period 1974-2016.

3.2 Financial development-environment nexus

The environmental effects of financial development have been also increasingly examined,
but mostly in a linear form and/or as a control variable. The GMM estimates of Adams and
Klobodu (2018) show that increases in financial development indicators tend to increase
CO, emissions for 26 African countries over the period 1985-2011. The standard least
squares estimate of Mahmood et al. (2019) shows that financial development has a positive
effect on CO, emissions for six East Asian countries from 1991 to 2014. By conducting the
CCE and AMG estimators for a panel of 47 emerging market and developing economies
between 1990 and 2014, Le and Ozturk (2020) find that financial development increases
CO, emissions. Le et al.’s (2020) estimations with Driscoll-Kraay standard errors show
that financial inclusion intensifies CO, emissions in 31-county Asia region during the
period 2004-2014. By employing the two-step GMM estimators to large panel data from
66 developing economies over the period 1971-2017, Van Tran (2020) shows that financial
development scales up carbon emissions. Using cross-sectionally generalized least square
and GMM methods, Yasin et al. (2021) confirm that improving financial development
raises CO, emissions in a group of 59 less-developed countries during 1996-2016. Based
on panel regression with Driscoll-Kraay standard errors, Khan et al. (2022) show that
financial development increases CO, emissions and ecological footprint in emerging and
growth-leading economies over the 1984-2018 period. The FMOLS estimates of Huang
and Guo (2022) for six regional panels from 1995 to 2020 show that financial development
and carbon emissions are positively associated in East Asia and the Pacific, Sub-Saharan
Africa, and MENA regions. Fakher and Inglesi-Lotz (2022) find that financial develop-
ment is negatively associated with a composite environmental quality index for OPEC,
while the nexus is positive for OECD countries over the period from 2000 to 2019. Using
the CS-ARDL methods, Mehmood (2022) shows that financial inclusion leads to increas-
ing CO, emissions in South Asian countries over the 1990-2017 period. For the environ-
mentally-harmful impacts of financial development, there is a consensus on green finance
improvement for environmental sustainability. Green finance refers to targeted financial
investments in pro-environmental initiatives (Muganyi et al., 2021). Cao (2022) shows that
green finance decreases carbon emissions and increases green economic growth in both the
short-run and the long-run based on the CS-ARDL estimates from 2005 to 2018 in the case
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of the emerging seven (E7) countries. The environmental quality contribution of the green
finance is also confirmed by Muganyi et al. (2021) in the case of China.

Some researchers also find a contribution or insignificant effect from developing finan-
cial indicators to environmental improvement. The fixed-effects and feasible generalized
least squares (FGLS) estimates of Awan et al. (2020) show that financial development
tends to reduce CO, emissions for six MENA countries over the 1971-2015 period. It is
clear from the existing evidence that the links between financial development and environ-
mental pollution tend to change over not only the methods but also by regions and sam-
ples. This variation may be observed from the DOLS estimation results of Al-Mulali et al.
(2016). They find that financial development reduces CO, emissions for Western Europe
and MENA region, while it increases emissions for South Asia, East Asia, and Pacific
regions for the 1980-2010 period. The CS-ARDL estimates of Mensah et al. (2021) over
the 1990-2018 period explore that financial development is negatively associated with CO,
emissions for the whole panel of 26 African countries and the net-exporters’ sub-panel,
while higher financial development increases carbon emissions for the net-importers’ sub-
panel. Using DOLS and FMOLS methods, Adebayo et al. (2021) find an insignificant link-
age between financial development and CO, emissions for the 1980-2017 period of Latin
American nations.

Only a few studies have adopted the EKC framework in the financial development and
environmental pollution linkage. The FMOLS estimates of Shah et al. (2019) show that
financial development, as well as income, have a positive relationship with CO, emissions,
while their square terms are negative, which validate the income-based and financial devel-
opment-based EKC hypothesis for a large sample of 101 countries over the period from
1995 to 2017. The FGLS estimates of Rani et al. (2022a) reveal that financial development
has a U-shaped relationship with carbon emissions and economic growth in the case of
South Asian countries from 1990 to 2020. Again, by adopting the panel quantile regression
approach, Rani et al. (2022b) show a U-shaped association between financial development
and carbon emission in the South Asian Association for Regional Cooperation countries
over the period 1990-2020. In a panel of developed countries, Ruza and Caro-Carretero
(2022) uses fixed-effect estimation and validates the presence of an inverted U-shaped
association (the financial EKC pattern) in the methane-financial development nexus for the
group of seven (G-7) countries over the period 1990-2019. However, their results show a
U-shaped pattern for the GHG and CO, emissions impacts of financial development, while
the ecological footprint is not significantly related to the financial development.

3.3 Industrial development-environment nexus

Similar to financial development, numerous studies have been increasingly examining the
environmental effects of industrialization, but again mostly in a linear form and as a con-
trol variable. Studies generally explore the environmental side effect of industrialization.
Le et al.’s (2020) estimations based on the Driscoll-Kraay procedure show that indus-
trial enhancement heightens CO, emissions in 31-county Asia region during the period
2004-2014. The two-step GMM estimate of Van Tran (2020) also shows that industrial
development tends to increase carbon emissions in a large panel of developing economies
over the 1971-2017 period. Using the FMOLS method, Zafar et al. (2020) conclude that
industrialization has a positive impact on CO, emissions in 46 countries including OPEC
countries over the period 1991-2017. Ahmad et al.’s (2022) CS-ARDL estimates covering
the 1984-2017 period unveil that financial development raises the ecological footprint in
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the case of 17 emerging countries. The fixed-effect and robust least squares estimates of
Azam et al. (2022) indicate that industrialization leads to increasing CO, emissions in the
case of six OPEC members during the 1975-2018 period. Onifade (2022) uses quantile
regression and DOLS techniques for data on the oil-producing African economies between
1995 and 2016 and finds that industrial development tends to be positively associated with
environmental pollution. Conducting the FGLS method, Rani et al. (2022a) show that
industrialization increases CO, emissions in South Asian economies from 1990 to 2020.
Based on their AMG and CS-ARDL estimates, Mensah et al. (2021) show that industriali-
zation escalates CO, emissions in the case of African countries. Differently, the CCE mean
group estimates of Appiah et al. (2021) reveal an insignificant impact of industrialization
on CO, emissions for the panel of 25 Sub-Saharan African countries over the 1990-2016
period.

One of the few studies that adopt the EKC framework in the industrialization-environ-
mental pollution connection is that of Lin et al. (2016). They disaggregate economic devel-
opment into agricultural and industrial development and find no evidence of the validity
of the EKC hypothesis in African countries. Similar evidence is reached by Dogan and
Inglesi-Lotz (2020). They evidence a U-shaped relationship, rather than the EKC pattern,
in the industrialization-emissions pollution association for European countries for the
period 1980 to 2014. However, there is no study examining the industrialization-environ-
ment nexus within the EKC framework for OPEC countries.

3.4 Globalization/openness-environment nexus

The available evidence on the globalization/openness-environment nexus is expanding but,
again, lacks a consensus. The DOLS estimations of Al-Mulali et al. (2016) show that trade
openness increases CO, emissions for Sub-Saharan African countries from 1980 through
2010. Mahmood et al. (2019) also find some evidence that trade openness is increas-
ing CO, emissions in East Asian countries from 1991 to 2014. By employing the DOLS
and FMOLS estimators, Ansari et al. (2020) find that increasing globalization is driving
the ecological footprint of the Gulf Cooperation Council countries during the period of
1991-2017. Likewise, the GMM estimation of Van Tran (2020) shows that trade open-
ness heightens carbon emissions for developing countries in the period 1971-2017. Le
and Ozturk (2020) show that globalization increases CO, emissions for a large sample of
emerging and developing countries by employing CCE and AMG estimators to data span-
ning from 1990 to 2014. The CS-ARDL estimates of Mehmood (2022) explore a positive
association between globalization and CO, emissions for the 1990-2017 period of some
South Asian countries. The FGLS results of Rani et al. (2022a) reveal that globalization
increases CO, in South Asian economies from 1990 to 2020. Gyamfi et al. (2021) use
panel OLS and quantile regression and explore that foreign direct investment openness is a
significant factor affecting carbon emission but the effects tend to change depending on the
considered quantiles for a sample covering both oil-rich and non-oil-rich country groups
over the 1990-2016 period. Yet, their OLS estimates and higher quantiles explore a posi-
tive association between foreign investment and carbon emissions.

Some studies provide mixed results even a negative nexus between globalization and
environmental pollution indicators. Adopting the ARDL approach for a dataset covering
the 1960-2009 period, Kohler (2013) shows that trade reduces CO, emissions for South
African countries. Lv and Xu’s (2019) pooled mean group (PMG) estimate shows that
trade openness improves the environment in the short-run, but harms in the long-run for
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55 middle-income countries from 1992 to 2012. Again, Zafar et al. (2019) find an adverse
association between trade openness and CO, emissions for emerging economies from 1990
to 2015. Applying the FGLS estimators to a dataset from the six MENA countries over
the 1971-2015 period, Awan et al. (2020) show that globalization eases carbon intensity.
The moments quantile regression results of Ike et al. (2020) over the 1980-2010 period
reveal that trade openness is negatively associated with CO, emissions across quantiles
for oil-producing countries including some OPEC members. Le et al.’s (2020) estimations
based on a Driscoll-Kraay procedure show that trade openness reduces CO, emissions in
31-county Asia region during the period 2004—2014. Moutinho et al.’s (2020) panel cor-
rected standard errors and convergence estimations indicate that trade openness reduces
CO, emissions for OPEC countries over the 1992-2015 period. Ulucak et al. (2020) show
that financial globalization reduces the ecological footprint in emerging economies over
the period 1974-2016. The CS-ARDL estimates of Mensah et al. (2021) unveil that trade
openness reduces CO, emissions in African net exporter countries, while the association
is positive for African net importer countries over the 1990-2018 period. The GMM esti-
mates of Wang et al. (2021) show that economic globalization, social globalization, and
political globalization improve the environmental performance of 148 countries from 2001
to 2018. Again, Fakher and Inglesi-Lotz (2022) find some evidence that trade openness
tends to reduce environmental degradation for OPEC over the period from 2000 to 2019.
By employing the PMG/ARDL estimators on panel data spanning from 1990 to 2017,
Iorember et al. (2022) find a positive but insignificant effect of trade on environmental deg-
radation for a panel of seven OPEC members from Africa. Based on the nonlinear ARDL
estimates for a panel of 17 MENA countries over the 1980-2018 period, Gaies et al. (2022)
show that the increasing economic globalization scales up CO, emissions and the positive
effect of trade globalization is stronger than that of financial globalization, whereas the
deglobalization has no effect. They further show that financial globalization reduces CO,
emissions for the OPEC members’ sub-panel from the MENA region.

4 Materials

It is noted in the literature survey that linear impacts of income and industrialization indica-
tors on environmental pollution are positive in most studies, implying a trade-off between
economic growth/industrialization and environmental quality. This study purposes to test
not only the validity of the income-based EKC hypothesis but also to control for its con-
sistency with the industrial and financial EKC patterns for the OPEC sample. The OPEC
has 13 members currently. However, Iraq, Angola, and Equatorial Guinea could not be
included in the sample due to either missing data or significant outliers in some variables’
series. To exclude the unprecedented pandemic-related breaks in the trends of emissions
data, this study’s time coverage ends in 2019. This section is devoted to the construction
and modeling of hypotheses and descriptions of variables and datasets.

4.1 Hypotheses

The study’s theoretical setting builds on the EKC hypothesis. Accordingly, the first hypoth-
esis is the original EKC hypothesis as follows:
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Hypothesis 1 In OPEC’s economic growth path, environmental pollution initially rises
until a certain income level but then starts declining as income continues to increase.

This EKC hypothesis is based on the widely-acknowledged pure economic develop-
ment, which is driven by income growth. Given the fact that economic development also
has financial and industrial development fundamentals, if the EKC hypothesis is confirmed
then a similar pattern is expected for the empirical effects of financial development and
industrial development on environmental pollution. Therefore, the following hypotheses
are proposed.

Hypothesis 2 In OPEC’s financial development path, environmental pollution initially
rises until a certain financial development level but then starts declining as financial devel-
opment continues to increase.

Hypothesis 3 In OPEC’s industrial development path, environmental pollution initially
rises until a certain industrial development level but then starts declining as industrial
development continues to increase.

4.2 Variables and data

We model the proposed hypotheses in quadratic forms to capture the non-linear EKC pat-
terns. Meanwhile, as outlined in the literature survey, globalization’s varied aspects have
significant and different influences on environmental pollution. Therefore, we extend the
models by also including the trade, financial, social, and political dimensions of globaliza-
tion. Following the common approach in the literature, environmental pollution is prox-
ied by per capita CO, emissions (CEPC), as CO, is responsible for a considerable deal of
global emissions pollution. We took fossil CO, emissions to better capture the nexus for
OPEC countries that are abundant in fossil energy resources. Again, based on most parts of
the EKC literature, we represent income-based economic development by per capita gross
domestic product (GDPPC).

Financial development is a composite concept with varied indicators. In the litera-
ture, financial development levels of countries are gauged by different indicators includ-
ing domestic credit to the private sector, stock market expansion, banking sector perfor-
mance, as well as financial inclusion and stability measurements (Adams & Klobodu,
2018; Ahmad et al., 2022; Al-Mulali et al., 2016; Chang, 2015). However, these narrowed
indicators do not capture sufficiently the complex multidimensional nature of financial
development. Addressing this omission, the financial development index initiative of the
International Monetary Fund (IMF) provides a cross-country comparable and internation-
ally-harmonized measure of financial development, which is more useful, especially in the
panel studies. Thus, by taking the advantage of its multifaceted composite structure and
long-period availability, the IMF’s financial development dataset (IMF, 2022) is widely
used in the recent literature (e.g., Ahmad et al., 2022; Khan et al., 2022; Ruza & Caro-
Carretero, 2022). The IMF’s financial development database provides both the financial
markets and financial institutions metrics in terms of their depth (size and liquidity), access
(the ability of individuals and enterprises to access financial services), and efficiency (the
level of capital market activities and ability of institutions to provide low-cost financial ser-
vices with sustainable revenues). We use the financial institution development index (FIDI)
metric since financial market development indices are zero and stagnated along with
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significant cross-country outliers in some OPEC members’ time series. Industrial develop-
ment, by definition, is the enhancement of industrial activities. Hence, we assess industrial
development based on the value-added of industrial sectors (mining, manufacturing, and
construction), again as per capita (/NDPC) to eliminate the population size biases.

Due to its empirical usefulness in terms of measurability and interpretability, the rel-
evant literature mostly considers openness to trade and/or foreign investment to indicate
countries’ integration into the world economy. Following recent studies such as Padhan
et al. (2021), Awan et al. (2020), Gaies et al. (2022), Mehmood (2022), and Rani et al.,
(2022a, 2022b), we use the KOF measures of globalization (KOF Swiss Economic Insti-
tute, 2022). Yet, like Wang et al. (2021), we take different dimensions of KOF globali-
zation metrics as they cover all aspects of globalization compositely and separately. The
recently revised version of the KOF globalization index further distinguishes between de
facto and de jure globalization. While de facto globalization measures actual international
flows and activities, de jure globalization measures policies and conditions that, in princi-
ple, enable, facilitate, and foster flows and activities (Gygli et al., 2019). As suggested by
Gygli et al. (2019), we use the new KOF indices that take both de facto and de jure meas-
ures into account. This enables us to better capture the impacts of dimensioned globaliza-
tion. The considered variables are explained briefly in Table 4.

Descriptive statistics of panel series and correlations between variables are reported in
Table 5. The overall panel average of CEPC is about 9,785 kg. U.A.E. had the highest
(39,452) amount in 1980 and Nigeria had the lowest (508) level in 2009. The GDPPC
measure varies considerably among the OPEC members. The overall average GDPPC is
14,572 U.S. dollars, with a maximum value of 107,175 (U.A.E.’s value in 1980) and a min-
imum of 1,411 (Nigeria’s value in 1984). The mean value of FIDI is 25.930 which reaches
a maximum of 58.273 (Iran’s value in 2018) and a minimum of 3.631 (the Congo Repub-
lic’s value in 1994). The mean of INDPC is 8,250 U.S. dollars, ranging from the highest
value of 88,339 (U.A.E.’s 1980 value) to the lowest value of 482 (Nigeria’s 2019 value).
The sampled OPEC nations are also increasingly integrating into the world economy and
international society. The average TRGL is 47.466. It is maximum at 92.273 (U.A.E.’s
value in 2012) and minimum at 18.578 (Venezuela’s 1986 value). The mean FINGL is
48.315 that the U.A.E. (83.039 in 2019) and Iran (7.467 in 1986) have the highest and
lowest values, respectively. The average SOCGL is 44.654 varying from the minimum
of 12.622 (Nigeria’s 1996 value) to a maximum of 77.815 (U.A.E.’s 2019 value), while
the mean POLGL is 59.078 that Nigeria (85.934 in 2015) and Congo (35.660 in 1988)
were the most and least politically-globalized countries. Standard deviations, which show
how the observations spread around the mean, are high enough, enabling the distinction
between better and worse performers in the indicators of the variables.

The Pearson correlations of variables show that CEPC is positively and highly (>0.75)
correlated with GDPPC, INDPC, and TRGL, indicating a co-movement of these variables.
As expected, GDPPC and INDPC are positively and strongly correlated.

4.3 Regression models
The constructed three hypotheses are tested through separate regression models in a quadratic

setting. To eliminate large numbers, all variables are converted into their natural logarithms
(symbolized in lower cases), which also enable us to interpret their estimated coefficients as
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Table 5 Results from descriptive statistics and correlation calculations (N:10; T:40; Obs.:400)

Descriptive statistics

CEPC GDPPC FIDI INDPC TRGL FINGL SOCGL POLGL

Mean 9,785 14,572 25.930 8,250 47.466 48.315 44.654 59.078

Max 39,452 107,175 58.273 88,339 92.273 83.039 77.815 85.934

Min 508 1,411 3.631 482 18.578 7.466 12.622 35.660

Std. dev 9,656 16,965 10.449 10,754 19.743 15.802 15.867 12.858
Pearson pairwise correlations

CEPC 1

GDPPC 0.915° 1

FIDI 0.498° 0.331% 1

INDPC 0.861* 0.973* 0.236* 1

TRGL 0.787* 0.725% 0.214* 0.631* 1

FINGL 0.434% 0.388* -0.035 0.313% 0.657% 1

SOCGL 0.697* 0.607* 0.475% 0.516* 0.676" 0.589% 1

POLGL -0.276% -0.312% 0.258* -0.352% -0.272% -0.001 0.015 1

Note: The a, b, and ¢ superscripts denote the statistical significance of correlations at the 1%, 5%, and 10%
levels, respectively

elasticities. After including time-invariant regression constants (a, f, 6,) and error terms (¢),
the final regression models to be estimated take the following forms in Egs. 1-3.

cepc;, = oy + a,gdppc;, + o{z(gdppcit)2 + astrgly, + aufingl, + assocgl;, + agpolgl, + €,
(D

cepc;, = fy + Bifidi;, + ﬂz(ﬁdiiz)2 + patrgly, + Pafingly, + Pssocgly, + Bepolgly, + €, (2)

cepc;, = 6y + 0,indpc;, + 02(indpcit)2 + O5trgly, + 6,fingl;, + Ossocgl;, + Ogpolgl;, + €,
3)
In the equations, i and ¢ respectively denote the sampled members of OPEC
(i=1,2,..,10=N) and years (t=1980,1981,..., 2019=T=40), while the ,, f, and 6, param-
eters (k=1,2,..,6) are partial slope coefficients to be estimated. When ;>0 and «, <0 sig-
nificantly, the first hypothesis (the original income-based EKC hypothesis) will be supported.
Likewise, a significant and positive f; and significant and negative £, will confirm the validity
of the financial development based-EKC pattern proposed in the second hypothesis. Again,
the 6,>0 and 6, <0 results will validate the industrial development-based EKC pattern sug-
gested by the last hypothesis. In addition, as the dimensions of globalization have different
environmental effects, the trgl, fingl, sosgl, and polgl elasticities of cepc may be positive or
negative, even insignificant. If the EKC patterns are evidenced, the turning points are calcu-
lated through: (—a,)/(2a,) for GDP-based EKC; (—3,)/(2f,) for financial EKC; and (-6,)/(26,)
for industrial EKC.
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5 Methodology

The empirical strategy proceeds with three sequent steps. We first examine the variables
for cross-sectional dependence (CSD) and unit roots, then inspect the constructed models
for CSD, homogeneity, and cointegration diagnoses, and finally estimate the models.
Given the interdependence of the OPEC nations, it is highly possible that the panel
series contains CSD, which causes unmeasured correlations and common trends across
OPEC members. Testing the presence of CSD is a necessity to determine which unit root
test should be conducted. Based on the comparison of the number of years (T) and coun-
tries (N), several CSD tests are utilized in the literature (De Hoyos & Sarafidis, 2006). As
T is larger than N in our case, we conduct the Breusch and Pagan’s (1980) Lagrange multi-
plier (LM) and Pesaran et al. (2008) bias-adjusted LM tests for both the variables and mod-
els. Based on the null hypothesis suggesting that errors (g, residuals) are independent (no
CSD) over the period and countries, Breusch—Pagan LM statistic is calculated as in Eq. 4:

N-1 N
_ )
IM=T Z Z Py ~ ANw-1)/2 4)
=1 j=itl

The term p; is the pairwise correlation of the residuals and computed as in Eq. 5:

ﬁ:ﬁ,‘:
i ji < T A2>1/2<ZT A2>1/2 (®)]
t=1"it t=1"jt

where residuals are calculated as €;, = y;, — ﬂiX,»,.

The Breusch—Pagan LM test is valid for fixed N as T — oo and biased when the mean of
the group residuals is zero and the individual mean is not zero. Under the null hypothesis
of no CSD and as a bias-adjusted normal approximation to the Breusch—Pagan LM test, the
Pesaran—Ullah—Yamagata bias-adjusted LM test takes the variance and mean of residuals
into the calculation as shown in Eq. 6.

1/2 N N (T—K—l)/’)\,z.—ﬁu
2 i Tij
LM g = (m) > [Pé( - - )] ~ N, 1) ©6)

i=1 j=i+1 Urjj

where ir; and vz represent the mean and variance of residuals, respectively.

In the macro-panel cases, which generally involve a few N (such as the OPEC mem-
bers) with relatively larger T (ranges from 20 to 60 years), the non-stationarity issue must
be controlled to select an appropriate estimation strategy (Burdisso & Sangidcomo, 2016).
The first-generation panel unit root tests (e.g., Choi, 2001; Im et al., 2003; Levin et al.,
2002) that do not consider the CSD, were widely used until a large literature provided
sturdy evidence of the CSD for many socio-economic variables. Therefore, recently sec-
ond-generation panel unit root tests, that account for CSD, have been adopted increasingly
to obtain concrete inference of stationarity. Consistently, we apply the cross-sectionally
augmented Im—Pesaran—Shin (CIPS) panel unit root test of Pesaran (2007), which is widely
carried out in the EKC literature (e.g., Fakher & Inglesi-Lotz, 2022; Htike et al., 2021;
Obobisa et al., 2022), as it allows for heterogeneity and CSD.

The CIPS statistics are calculated as a simple average of the country-specific cross-sec-
tionally augmented Dickey—Fuller (CADF) statistics as in Eq. 7. The CADF is specified as
in Eq. 8, where Z_ 1and AZ,__J- denote country averages.

@ Springer



Environmental pollution effects of economic, financial, and...

1 n
CIPS = 3" CADF, )
_ p o
AZy =+ wXyy + w2,y + Z HAZ,_; + Z HiDZy_; + & 8)
=0 =1

Along with CSD, slope heterogeneity is another issue that should be checked before
the model estimation. Following relevant studies such as that of Mehmood (2022) and
Obobisa et al. (2022), we use the Pesaran and Yamagata’s (2008) Delta test to investigate
slope homogeneity. The Delta test controls the CSD and produces efficient results even
when countries and time dimensions are interrelated. To test the null hypothesis of slope
homogeneity, this technique calculates the Delta-tilde and adjusted Delta-tilde statistics.
By weighting the cross-sectional dispersion of individual slopes with their relative preci-
sion, these statistics are computed through the formula in Eq. 9.

o=

=) (]%]E —k)iBy = (V) <2k(TT_—+kl_1)>_ (lE - 2k> ©)

N

Additionally, to detect the long-run relationship among variables, we employ Wester-
lund and Edgerton’s (2007) bootstrapped panel cointegration test. The relevant literature
uses this technique widely (e.g., Appiah et al., 2021; Fethi & Rahuma, 2019), as it pro-
duces efficient results in the existence of CSD and slope heterogeneities. Following the
procedure of McCoskey and Kao (1998), the Westerlund—Edgerton LM statistic is com-
puted as in Eq. 10, where Sizz represents the partial sum of the error terms and Wl.‘2 is the
disturbance term of long-run variance.

N T
= L > ws? (10)

The null hypothesis of this bootstrapped LM test is the presence of the cointegration
relationship, which is decided based on the critical values generated from the bootstrap
simulation.

When there exist cointegration relationships between the first-difference stationary vari-
ables, i.e., I(1), the long-run relationships can be estimated. However, when variables are
mixed of I(1) and level stationarity, i.e., I(0), cointegration estimates lose efficiency. Con-
cerning this problem, the ARDL approach has an advantage as it makes possible the esti-
mation of the relationships between variables with the mixed structure of I(0) and I(1), by
including lags of both the dependent variable and independent variables as regressors in
a dynamic heterogeneous form. However, the traditional ARDL approaches such as the
Pooled Mean Group ARDL (PMG-ARDL) estimator of Pesaran et al. (1999) are inad-
equate as they could lead to significant size distortions in the presence of neglected CSD.
In this case, as an augmented version of the PMG—-ARDL, the Cross-Sectional Augmented
ARDL (CS-ARDL) model of Chudik and Pesaran (2015) has recently filled an important
methodological gap in the second-generation strand of heterogeneous, mixed, and cross-
sectionally dependent panel data analysis.

CS-ARDL procedure estimates the short-run and long-run relationships, as well as error
correction terms, and provides several advantages. The first-generation cointegration tech-
niques, such as DOLS and FMOLS may produce biased results in the presence of CSD.

@ Springer



M. Demiral et al.

The AMG and CCEMG estimators eliminate this bias but they are efficient when all vari-
ables follow an I(1) process. In the cases of mixed integration of I(0) and I(1) of variables
with slope heterogeneity, the CS-ARDL method is an efficient estimator. Finally, in the
weak exogeneity caused by the modeled lagged dependent variable, the CS-ARDL estima-
tor remains efficient. Chudik et al. (2017) argue that including lagged cross-sectional aver-
ages in the model helps in the elimination of the endogeneity problem. Consequently, as
it handles efficiently the endogeneity, slope heterogeneity, CSD, and mixed order of inte-
gration, the CS-ARDL method outperforms the alternative methods. A general CS-ARDL
model in an error correction model (ECM) form is as in Eq. 11.

Z’lltyltl-i-zﬁlt zt1+2711’2t1+5n an

1=0

The long-run CS-ARDL coefficients and mean group (MG) estimates are computed
through the formulas in Eq. 12.

ﬂl o N

A P = ~

Ocs-arpLi = ﬁ Ve Z 0; (12)
Li i=1

Considering its addressed advantages, studies in the environmental literature have been
increasingly following the CS-ARDL procedure (Cao, 2022; Mehmood, 2022; Mensah
et al., 2021; Ogunsola & Tipoy, 2022; Padhan et al., 2021).

6 Empirical results

Results from the CSD tests reported in the upper part of Table 6 confirm that the null
hypothesis of no CSD is rejected for the datasets of all variables in both the detrended and
trended specifications. The existence of CSD means that the examined variables tend to
move together in OPEC. This is expected as OPEC makes some economic decisions affect-
ing the examined variables for the whole bloc. The presence of CSD prompts us to use a
second-generation unit root test that takes CSD into consideration. Thus, we conduct the
CIPS test and report the results in the lower part of Table 6.

The results from the CIPS test show that panel series of cepc, gdppc, indpc, fingl, socgl,
and polgl variables have unit roots but become stationary in their first differences, meaning
an I(1) process. However, the fidi and #rgl do not contain a unit root at level, 1(0), which
indicates that the means, variances, and covariances are time-invariant. It is concluded that
the analyzed variables are either 1(0) or I(1), but not I(2). I(1) variables trend over time
and do not return to their previous means. Additionally, any shock to the levels of the I(1)
variables will have a permanent effect. Therefore, it is difficult to predict future values of
the level of the I(1) variables. Yet, as their first-differences are stationary, the shocks to the
growth rates of variables will be temporary and thus cannot cause any permanent effect
that helps in predicting the future time path of the variables.

The results from slope homogeneity and CSD inspections, as well as the cointegration
tests, for the constructed models are reported in Table 7. The results strongly reject the
slope homogeneity and cross-sectional independence hypotheses for all models. Addition-
ally, the results from Westerlund—Edgerton bootstrap LM test reveal cointegration relation-
ships between variables in the models.
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Table 7 Results from model specification and cointegration tests

Control | Test| Model 1 Model2 Model 3
Slope homogeneity Pesaran—Yamagata (2008) Delta—tilde 10.786*  9.809* 5.140°
(0.000)  (0.000)  (0.000)
Pesaran—Yamagata (2008) adjusted Delta—tilde 11.370*  10.339* 5.418*
(0.000)  (0.000)  (0.000)
Cross—sectional Breusch—Pagan (1980) LM 131.638* 174.065* 145.869*
dependence (0.000) (0.000) (0.000)
(CSD) Pesaran—Ullah—Yamagata (2008) bias—adjusted LM 10.919°  9.775*  13.603"
(0.000)  (0.000)  (0.000)
Cointegration Westerlund—Edgerton (2007) bootstrap LM: 7.102 6.874 6.740
Detrended model (0.163)  (0.160)  (0.180)
Westerlund—Edgerton (2007) bootstrap LM: 3.031 2.487 3.095
Trended model (0.444)  (0.472)  (0.406)

Probability values are in (). Superscripts a, b, and ¢ denote the statistical significance of statistics at the 1%,
5%, and 10% levels, respectively

Given its addressed efficiencies in fitting the heterogeneous, mixed, and cross-sec-
tionally dependent structure of our panel data and handling endogeneity concerns, we
finally implement the CS-ARDL method to estimate the models. The short-run and
long-run elasticities of the three models are shown in Table 8. The overall results reveal
consistently that the EKC hypothesis is not valid for all the GDP-based, as well as finan-
cial and industrial development adoptions in both the short-run and long-run. Rather,
as a direct contrast to the EKC hypothesis, we found U-shaped patterns for all models.
Furthermore, the magnitudes of the negative elasticities are higher in the short-run than
that in the long-run. These findings strongly reject all three hypotheses we constructed
based on the EKC framework.

The confirmed U-shaped patterns reveal that per capita fossil CO, emissions decrease
in the lower levels of per capita GDP, financial institutions development index, and per
capita industrial value-added. These evidenced patterns indicate that in the earlier steps
of economic growth, financial development, and industrial development in the OPEC
bloc, the volume of the gross production, financial, and industrial activities are not that
much to increase CO, emanation. This downward pathway, which presents the desired
environmental contribution from the overall economic development, may be occurring
thanks to the initial spread of the composition and technique effects exceeding the scale
effect. However, as per capita GDP keeps growing, financial institutions continue to
develop, and industrial production keeps increasing, CO, emissions start increasing as
well, possibly due to the overwhelming scale effect. The turning points at which GDP
per capita starts increasing carbon emissions are 4,690 and 4,546 U.S. dollars in the
short-run and long-run, respectively. The financial development stops decreasing and
starts increasing the carbon emissions when the financial institutions development index
reaches 25.659 and 26.374 in the short-run and long-run, respectively. Likewise, the
turning points at which per capita industrial value-added begins to increase carbon
emissions are 1,588 and 1,632 U.S. dollars in the short-run and long-run, respectively.

In addition, the increased financial globalization tends to reduce carbon emissions
but the increased political globalization scales up carbon emissions, while the impacts
of trade and social globalization are statistically insignificant.

@ Springer



Environmental pollution effects of economic, financial, and...

Table 8 Results from CS-ARDL estimates

Short-run relationships

Model 1 Model 2 Model 3 Evidenced pattern ~ Turning

points, log
(non-log)

ECM,_,  -0.713*[0.047] -0.711*[0.052] -0.768*[0.57] - -

gdppe -16.974° [8.856] — - U-shaped 8.453 (4,690)

(gdppc)?  1.004° [0.508] - -

fidi - -1.590° [0.810] — U-shaped 3.245 (25.659)

(fidi)? - 0.245°[0.120] -

indpc - - —11.468° [6.687] U-shaped 7.370

(indpc)? - 0.778° [0.458] (1,588)

trgl 0.060 [0.064] 0.018 [0.097]  0.099 [0.140] -

fingl —0.182°[0.089]  -0.355°[0.184] —0.057 [0.074] - -

socgl -0.137[0.177]  0.066[0.371]  -0.047[0.185] - -

polgl 0.303° [0.170] 0.339" [0.165]  0.321°[0.185]

Long-run relationships

gdppc -9.972¢ [5.206] - - U-shaped 8.422

(gdppc?  0.592°[0301] - - (4.546)

fidi - —0.949°[0.512] - U-shaped 3272

(fidi)? - 0.145°[0.074] - (26.374)

indpc - - —7.220° [4.127]  U-shaped 7.398 (1,632)

(indpc)® - - 0.488¢ [0.281]

trgl 0.036 [0.037] 0.015[0.054]  0.058 [0.081] - -

fingl —0.099° [0.049]  —0.215°[0.117] -0.031[0.042]  — -

socgl —0.084[0.101]  0.052[0.217]  -0.030[0.106]  — -

polgl 0.169° [0.093] 0.208°[0.105]  0.185°[0.109]

F-test stat  1.850* 1.430% 1.710* - -

Standard errors are in []. Superscripts a, b, and ¢ denote the statistical significance of elasticities at the 1%,
5%, and 10% levels, respectively

The evidence on the invalidity of the traditional GDP-based EKC pattern upholds the
findings of Abid (2016), Acar et al. (2018), Ansari et al. (2020), and Ulucak et al. (2020).
More specifically, like us, Moutinho et al. (2020) found a U-shaped relationship for 12
OPEC members. Nevertheless, our finding does not agree with that of studies including
Fethi and Rahuma (2019), Coskuner et al. (2020), and Murshed et al. (2020), which pro-
vided support for the EKC hypothesis in different samples of the OPEC.

The confirmed U-shaped pattern in the impacts of financial and industrial develop-
ment are not directly comparable as there is no study examining these non-linear asso-
ciations in the case of OPEC members. Yet our results are in line with that of Rani et al.,
(2022a, 2022b) who found that financial development had a U-shaped relationship with
carbon emissions in the cases of some Asian countries. Again, Ruza and Caro-Carret-
ero (2022) found a U-shaped pattern for the GHG and CO, emissions impacts of finan-
cial development for G-7 countries. However, our finding contradicts that of Shah et al.
(2019) who validated both the income-based and financial development-based forms of the
EKC hypothesis for a large sample of countries. The evidenced U-shaped pattern in the
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industry-CO, nexus do not contradict that of Lin et al. (2016) as they found no evidence
of the validity of the industrial EKC hypothesis in African countries case. The findings
of Dogan and Inglesi-Lotz (2020) also indicated a U-shaped relationship in the industrial
development-environmental pollution nexus for European countries.

The evidenced environmental contribution of financial globalization agrees with that
of Awan et al. (2020), Ulucak et al. (2020), and Gaies et al. (2022) but does not support
that of Gyamfi et al. (2021), Rani et al. (2022a), and Mehmood (2022). The positive effect
of political globalization does not contradict the findings of Ansari et al. (2020), Le and
Ozturk (2020), and Rani et al. (2022a), but is inconsistent with that of Awan et al. (2020)
and Wang et al. (2021). The positive but insignificant trade globalization elasticities of car-
bon emissions are in line with the similar finding of Iorember et al. (2022) for African
OPEC members. However, our finding contradicts that of many studies revealing either a
significant positive (e.g., Al-Mulali et al., 2016; Mahmood et al., 2019; Van Tran, 2020) or
negative (Kohler, 2013; Zafar et al., 2019; Ike et al., 2020; Moutinho et al., 2020) associa-
tion between trade openness and environmental pollution.

The ECM(_,, result based on the lagged cepc demonstrates the speed of adjust-
ment towards equilibrium and shows that around 70% of disequilibrium is corrected in a
year, indicating a moderate convergence to the long-run equilibrium. The disagreements
between our findings and that of the previous studies may be explained by the differences
in methods, sample, period, and measures. These contradicting results call for more studies
which consider different indicators and measures of the varied determinants of environ-
mental pollution, especially in the case of OPEC members.

7 Discussions and conclusion

Economic growth, well-functioning financial systems, industrialization, and globalization
promote socio-economic development in many ways but with some environmental side
effects. We consistently found that economic growth, financial development, and indus-
trial production had significant non-linear impacts on carbonization-driven environmental
pollution in the OPEC bloc. The evidenced convex patterns contradict the concave EKC
hypothesis. This evidence indicates that further increases in gross production, financial
development, and industrial production are not accompanied by decreases in environmen-
tal pollution. As the turning points are low, OPEC members’ economic growth, financial
development, and industrial enhancement trajectories threaten their environmental sustain-
ability by increasing fossil carbon emissions. As the environmentally-desired downward
paths are related to economically-undesired lower development levels, the inclusive envi-
ronmental and economic policies should be focused on the upwards paths of the evidenced
U-shaped patterns.

The upwards co-movement of GDP and fossil carbon intensity indicates that environ-
mental awareness is lower than the overall economic growth priorities. As they are well-
endowed with fossil-fuel resources, the low cost of fossil energy may be encouraging the
excessive use of these resources in the production sectors of OPEC members. The richness
of fossil resources may be also hindering the formulation and implementation of the initia-
tives to save energy and promote renewable clean energy transition. Therefore, the aware-
ness and understanding of carbon-induced environmental problems should be conveyed to
all economic agents. The integration of overall economic development and environmen-
tal sustainability is crucial for OPEC members. Policy-makers in OPEC may be fearing
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that limiting fossil fuel investments may severely damage their economies as the devel-
opment of other sectors are also closely interlinked with oil industries. Still, the OPEC
members should promote new green enterprises and even compel the existing businesses to
adopt new environmental innovations, decarbonization technologies, and environmentally-
friendly business models that use fossil resources efficiently and emits responsibly. From
the consumption side, carbon taxation may be an efficient policy action, which also needs
to be supported by incitements in the production of less-polluting goods and services to
make them available cheaply in the markets.

Financial development eases access to low-cost credits for entrepreneurs who start a
new business and for business people who expand their existing enterprises. The facilitated
investment vitalization enlarges the scale effect and leads to increases in fossil energy use
and carbon emissions. Therefore, financial policy-makers in OPEC need to be selective
in the allocation of funds that green projects should be prioritized and favored. They may
lower the cost of the credits and facilitate access to financial services for enterprises and
entrepreneurs endeavoring to involve in green operations. Furthermore, banks and other
financial agents may be ranked by the level of green financing and awarded some ben-
efits according to the extent to which they finance green enterprises. A similar ranking
and reward system may be an efficient motive for enterprises, as well. All these policy
initiatives will increase the importance and awareness of environmental concerns among
producers, consumers, investors, and entrepreneurs.

For the evidenced patterns of industrial development, the OPEC members may be
specializing in emissions-intensive and oil-led industrial activities. Thus, these countries
should adopt and even produce environmentally-friendly industrial products. The diversi-
fication of industrial production and energy mix will also improve energy productivity and
thus reduce carbon intensity. Overall, an inclusive transition towards green growth, green
industrialization, and green finance is needed to decouple the overall three-track economic
development from carbonization-induced environmental pollution.

For the environmental pollution impacts of globalization dimensions, we found that
increasing financial globalization eased the intensity of fossil CO, emissions, particularly
in the impacts of economic growth and financial development. This means that the grow-
ing international flows and activities of foreign direct investment, portfolio investment, and
other international financial movements reduce carbon emissions. This finding supports the
argument that the financial integration of the developing countries into the world economy
creates green spillover transmission between financial markets. Therefore, to reduce the
carbon intensity, financial policy-makers should accelerate financial openness by remov-
ing restrictions on international investment and capital accounts and by setting more inter-
national investment agreements. More specifically, multinational enterprises may transfer
some environmental practices from the better performers in other countries, especially in
advanced economies with larger environmental capacity. These are important as the find-
ings also imply that increasing financial globalization might lessen the pollution effect of
the development of financial institutions.

On the other hand, we found political globalization as a driver of carbon intensity. The
positive association between political globalization and CO, emissions may be explained
by the political role and power of OPEC in world politics. In its political relationships with
the rest of the world, OPEC’s role is an ‘oil-exporting’ bloc with its dominating power
in affecting the world oil price. The global community’s negotiation with OPEC cent-
ers around the stability of the world petroleum supply, rather than the responsibility for
the production and consumption of fossil resources. The OPEC bloc seems to be uncon-
trolled by global emissions mitigation initiatives. The political ignorance of environmental
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pollution may be also hindering the OPEC’s globalizing societies from the embracement
of low-carbon environmental quality, as we found an insignificant effect from social glo-
balization. Furthermore, like the other dimensions of globalization, political globalization
may also stimulate trade, particularly in the oil industries of OPEC members. This fits why
studies mostly consider trade openness as a proxy of overall economic openness. Consist-
ently, we found a positive trade globalization elasticity of CO, emissions, albeit statistically
insignificant. To change the carbonization effect of political globalization, OPEC members
should involve in international efforts such as the Kyoto protocol and the Paris agreement,
which have motivated and forced many nations to mitigate emissions pollution.

In conclusion, our findings do not support the EKC hypothesis but show that GDP-
based, financial, and industrial patterns follow a similar pathway for OPEC. As a research
note, further studies may check this consistency for other samples of oil-rich countries.
Again, our results may be controlled by future cubic research to unveil different patterns
with more turning points. The limitation of our study is that the sample could not include
all OPEC members. Since we were interested in OPEC as a single bloc, we did not test
the relationships for individual members. Future research may resolve these constraints by
studying the individual cases of all OPEC members.
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