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Abstract

Sectors contribute differently to the total levél @O, emissions per capita, since they are
heterogeneous in terms of GDP structure. This wiavkstigates the Environmental Kuznets
Curve hypothesis considering a set of twelve offtheteen OPEC countries. It contributes to
previous literature exploring the Environmental Kais Curve relationship by analysing how
economic activity sector diversification impacte tielationship between economic growth and
carbon emissions, addressing an important idedtgegp. To address this gap, annual data from
1992-2015 is used. A panel cross-section analgspavided between countries, and for the
seven considered sectors, is estimated through pamected standard errors and convergence
estimations are presented. Conclusions point tadlueation of pollution-intensive sectors to
almost all of the OPEC countries. For all countriasU-shaped relationship is evidenced,
implying that economic growth in oil-producing andxporting countries increases
environmental degradation. While energy consumpitigcreases environmental damage, trade
openness seems to have a significant and negaffeet eover emissions, leading to
environmental improvements. This study points tatt OPEC countries will have increased
challenges facing them in terms of environmentgraéation and only a few economic activity
sectors can conduct environmental improvementaugtrarowth. The inclusion of oil prices
increased coefficients magnitude. Probably thesmreare already allocating more labour and
capital in projects and investments on renewabéegn energy efficiency and energy savings,
substituting fossil fuels like oil.

Keywords: Organization of the Petroleum Exporting Countri€PEC) countries; EKC
hypothesis; Economic Activity Sectors; Panel CaedStandard Errors (PCSE); Convergence
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Determinants of the Environmental Kuznets Curve cosidering economic activity sector
diversification in the OPEC countries

Abstract

Sectors contribute differently to the total levdl @O, emissions per capita, since they are
heterogeneous in terms of GDP structure. This wavkstigates the Environmental Kuznets
Curve hypothesis considering a set of twelve offtheteen OPEC countries. It contributes to
previous literature exploring the Environmental Kais Curve relationship by analysing how
economic activity sector diversification impacts tielationship between economic growth and
carbon emissions, addressing an important idedtgagp. To address this gap, annual data from
1992-2015 is used. A panel cross-section analgsmavided between countries, and for the
seven considered sectors, is estimated through pamected standard errors and convergence
estimations are presented. Conclusions point tadleation of pollution-intensive sectors to
almost all of the OPEC countries. For all countriasU-shaped relationship is evidenced,
implying that economic growth in oil-producing andxporting countries increases
environmental degradation. While energy consumpitigcreases environmental damage, trade
openness seems to have a significant and negaffeet eover emissions, leading to
environmental improvements. This study points tatt OPEC countries will have increased
challenges facing them in terms of environmentgraeation and only a few economic activity
sectors can conduct environmental improvementsugfiragrowth. The inclusion of oil prices
increased coefficients magnitude. Probably thestoseare already allocating more labour and
capital in projects and investments on renewab&gn energy efficiency and energy savings,
substituting fossil fuels like oil.

Keywords: Organization of the Petroleum Exporting Countri€®PEC) countries; EKC
hypothesis; Economic Activity Sectors; Panel CaedStandard Errors (PCSE); Convergence



1. Introduction

This article tests the Environmental Kuznets CufKC) hypothesis, considering 12
Organization of Petroleum Exporting Countries (ORPEGuntries in a panel analysis and
analysing this relationship also through econonutivly sectors (7 have been considered),
including energy consumption and trade opennesxpianatory variables for this relationship
when dealing with oil producers and exportershis way, it is possible to observe how sector
diversification and growth (measured through groakie added (GVA) in oil-producing
countries contribute or not to environmental imgnoents. Previous studies about the EKC
hypothesis already exist, but no previous studyfaasas we are aware, deals with several
sectors diversification effects at the same timeusl the study intends to validate the Kuznets
curve based on economic activity sector diverdiocaand for that purpose, sector GDP is to
be considered. Considering diversification allowPEZ countries betting over economic
activity diversification to understand how emissmmtrol policies could be useful. As such,
the empirical methodology employed allows the idmattion of critical sectors to support GO
emission mitigation policies.

The latest OPEC annual reports (2015, 2016) paihtleat member states hold approximately
80.8% of the world’s oil reserves and currentlyaot for about 36.19% of the world’s oil
supply. OPEC countries accounted for 44% of pradocind 57% of world crude oil exports
in 2016 (OPEC, 2016), as well as having around % roven and probable oil reserves.
These facts about oil production and its reseryac#y areper se a problem in the mitigation
of greenhouse gases, geo-economic and politicalrdoree in some OPEC member countries,
notably Saudi Arabia, Qatar, the United Arab Enesatiran, Iraqg and Kuwait. Currently, the
organisation has a total of 14 member countriesedims consensual to state in any economic
characterisation of OPEC countries that therevaoemhain geopolitical and strategic pillars. On
one side, there are proponents who see OPEC as@esuf power in the oil market, so that all
or some of its policies influence the energy markeeating behaviour asymmetries in the
fulfilment of production quotas. On the other smle those who consider market conditions
and competitive forces to act as driving forces arflliencers in the energy market, and in
particular in decisions about production quotas #rel fixing of oil prices between OPEC

members and OPEC non-member oil producers.



This work will analyse the evidence empirically tovestigate whether environmental
degradation is directly associated with certain@scof economic activity that cause higher
levels of carbon emissions, and, therefore, whettmerEKC (Environmental Kuznets Curve)
postulate should be interpreted more rigorouslis Emphasised that individualised economic
growth by sector of activity does not directly ughce the GDP of the economy as a whole, but
will impact sector GDP, and particularly in theskeproducing and exporting economies, based
on different geopolitical strategic decisions. histcontext, we propose to study the following
two hypotheses about the EKC hypothesis and reksttip, which we intend to validate
separately:

Hypothesis 1. C® emissions in the OPEC economies have a statigtisajnificant
relationship with total GVA.

Hypothesis 2. C® emissions in the OPEC economies have a statigtisajnificant
relationship with the GVA by economic activity sect
Previous studies, such as that of Saboori et LR which tests the EKC hypothesis for 10
OPEC countries, that of Amri (2017) for Algeria,daNlrabet et al. (2017) in Qatar, test the
EKC hypothesis for a group of OPEC countries oividldial countries, while not studying the
sector contributions for the relationship betweenvi®mnmental degradation and/or
improvement and economic growth (measured througbsgvalue added, considering these are
economic activity sectors). Bringing in a sectasaldy and the joining together of a larger
number OPEC countries at once form a major cortidhwof the present study, reinforced by
the study of the EKC hypothesis through panel cbect standard error (PCSE) model
specifications by sector and including energy camsion and trade openness in the
specification. PCSE techniques are used as theyvadin analysis of deterministic and
stochastic convergence, to identify the presen@bsence of stochastic differences in the long
term between driving forces related to £€missions and sector GDP growth by economic
activity sector in OPEC countries. Hao et al. (20aBo study convergence, but for S@
China.
Thus, these two hypotheses and their consequemoged EKC relations will be tested
between the variables considered in formulating tive theoretical proposals for the
formulation of the EKC. EKC estimation was perfodneith panel data, among others, using
the Panel Corrected Standard Errors (PCSESs) estispatince these methods present better

performance than the also used Ordinary Least 8quéDLS) estimator, by allowing



correction of endogeneity, cross-dependence anglsasarrelation. An additional contribution
of the present article relates to studies and tpstformed with respect to stochastic and
deterministic convergence, by country, by sectat fam the overall set of OPEC countries in
the sample, thus contributing to convergence ssudli€€Q emissions, GVA or growth, energy
consumption and trade openness for oil-exportinqittees. The PCSE model’'s advantage is in
its consideration of the information available tngh the panel structure and the fact that all
periods that make up the residue for each crosmaeare considered to estimate the variance
of the error term.

In accordance with the literature review performednajority of studies deal with the problem
of the curvature of the EKC at the cross-countmeleat the level of time series analysis or
cross-sectional analysis or by the combinationathbthat is, panel analysis. However, as far
as can be determined, the empirical validity of knenets curve according to the premise
proposed in our second relationship (hypothesen®rges as an important gap in the literature
and justifies the contribution of this investigatidAnother contribution to the existent literature
is the fact that this study presents a new prodosdahe EKC hypothesis which includes in this
relationship economic activity sector, energy comgtion and trade openness.

When considering sectors, the results suggest émargy consumption still increases
environmental degradation, but that trade openrsessly significant and positive under two
different specifications of the PCSE model appliedealing that trade policies should also be
weighted by economic activity sector. Since thed@at study is the focus here, this empirical
work relates mainly to the extensive literaturettom EKC hypothesis, and to the few studies on
the sectoral EKC hypothesis, such as those by Miatet al. (2017) and Samargandi (2017).
This paper contributes to existing studies in thaags. Firstly, it contributes to the sectoral
EKC hypothesis. Our study is different from Samadjas (2017) in its focus on a group of
OPEC economies instead of a single country. Al$us study gives a comprehensive
understanding of the EKC hypothesis in seven sgctehich is different from Samargandi’s
(2017) study, which focuses only on three sect&wscondly, to the best of our knowledge, this
empirical work is the first study that investigatage EKC at sector level for OPEC countries.
Thirdly, this paper analyses deterministic and lsistic convergence, with the aim of
identifying any stochastic differences in the ldegn between driving forces related to £O
emissions and sector GDP growth by economic agtsattor in OPEC countries.



The remainder of the article develops as followecti®n 2 presents a brief literature review
regarding previous tests of the EKC hypothesis,levidection 3 describes the data and
methodologies applied. Section 4 presents thetsesbtained, considering only the 12 OPEC
countries and results respecting the different egoa activity sectors considered (seven).
Finally, Sections 5 and 6 present conclusions asdrtbe policy implications, also pointing to

limitations and future research directions whichreveossible to derive from our results.

2. Literature Review

Since the pioneering work by Grossman and Krue@6®X), the so-called Environmental
Kuznets Curve phenomenon, describing the U-shaptatianship between environmental
degradation and economic growth, has attractediderable attention from environmentalists
and economists. Grossman and Krueger (1991) ardgatethat environmental degradation
increases up to a given point, which is the turrpogt, as income increases: yet, after the
turning point, this degradation starts to decreagh an increase in the income level. The
environment-growth relationship follows an invertdeshape. Numerous studies empirically
analyse the EKC. Tiba and Omri (2017), among othafer a detailed review of the evidence
and theories about the relationships between energyronment and economic growth. This
section focuses on some studies that provide oasemal evidence that establishes the sectoral
EKC hypothesis considering oil price. Thereforés #mpirical study reviews the literature that
we believe is the closest to our paper’s goal.

Majority of the early studies focused on the aggtedevel of economic activities (total GDP
or total GDP growth). The recently published stadieowever, argue that different sectors
could contribute differently to the total level 600, emissions per capita (Al Mamun, 2014).
This is because countries are heterogeneous irs tef@DP structure, and thus will sectors be
in terms of GVA. Some economies rely mainly on thiming sector, like the OPEC region,
while others are shifted towards the service sesiach as high-income economies. Thus, the
literature suggests the need to investigate theoiseise GDP and the quality of the
environment (C@ emissions). These studies can be categorised basethe region,
methodology and variables included in the model.

Among the pioneering studies was that of Al Mamunak (2014) who investigated the
relationship between three key economic sectonsc{dture, industrial and service) for a panel

of developed and developing countries during theodel980- 2009. This study finds that



moving to the service sector leads to more poltuiio high-income countries compared to
industrial and agriculture activities. However, tkervice sector promotes environmental
quality for developing economies. The authors pres&o main reasons behind this path:
advanced technologies; and transportation seagrsfics services). In developed economies,
businesses (big and small) use more technologigk, products and pesticides in agricultural
production, which increases the carbon dioxide simis per unit of the agriculture output.
However, developing countries rely severely on ddarming and logistics techniques that
reduce carbon dioxide emissions (Al Mamun, 2014)other mechanism that could explain
this positive relationship is the high dependenéyhigh-income countries on the transport
sector, to meet the high demand for some prodédtauitara and Padilla, 2008), but also of
individuals.

Additionally, Ramos et al. (2018) tried to investig the sectoral EKC hypothesis in more
detail. This empirical work found that all 11 Pgtese economic activities contributed
significantly to the C@ emissions, where the service sector was one aofi.tii@is result was
consistent with that of Al Mamun et al. (2014). é|&Ramos et al. (2018) concluded that two
different behaviours of the EKC were identifiede timverted U-shaped behaviour; and the N-
shaped form. The conclusions of this work evidetigg CQ emissions will not disappear
automatically with economic growth. On the contrattyese emissions may become more
serious after a certain level of growth.

In the case of comparison between two economiesitintw et al. (2017) test EKC under two
quadratic and cubic specifications for 13 sectdreconomic activity in Portugal and Spain in
the period 1975-2012. The key results of this staythat in the Portuguese economy, trade,
services, and non-metallic minerals activities, evassociated with a high level of €O
emissions. This increase in emissions has beeerdilyy growth in production as well as in
energy consumption—the same pattern was foundamSp

Nevertheless, there is some empirical evidence islgpthat the service sector reduces the
pollution on the air while the industry/ manufaatgr sector is the main driver of GO
emissions. Mazzanti et al. (2008) uses detailed datboth aggregate and disaggregate Italian
GDP (29 sectors) during 1990-2001. To check the Big@bthesis, Mazzanti et al. (2008) used
several emissions for measuring pollution. Theyctmhe for the existence of the EKC
hypothesis at aggregated-level of GDP in Italy.eAftligging deep to identify the aggregate

picture for EKC, it was found that industry actieg were the main source. This is expected



because Italy is a developed industrial economys Tasult gives importance to test the
sectoral EKC. Sohag et al. (2019) also confirmed pwositive relationship between the
manufacturing industry and pollution in the OPEQumbies, but point that the agriculture
sector reduces CGCemissions. Unlike the previous studies, Sohad.ef2819) find that the
service sector contributes differently to the L&nissions. In the short run, more service GDP
lowers CQ emissions in accordance with the authors’ resdispite the fact that this sector
deteriorates the environment in the long run.

It is worth mentioning that all the above studiestéd the relationship between sector-level
GDP (economic activities) and G@mission simultaneously in the model for the depet
countries. Another stream of papers focused on dfiect of an individual sector on
environmental quality, such as a study by De Vitale(2015), which concentrated only on the
tourism sector. The core question now is whetherdaveloping countries follow the same
path or not. Therefore, this study narrows theaevio focus on the studies related to the
developing region: OPEC countries. In the remainvg follow two key points: sectoral EKC
hypothesis exploration in OPEC countries, and ihidg studies that take oil prices into
account while testing the EKC hypothesis.

To the best of our knowledge, Samargandi (2017) Kdmathlan and Javid (2013) are among
the few studies that analyse the impact of econ@uivity sectors on environmental quality
for one of the OPEC economies, the Kingdom of Séumdbia (KSA), during different periods.
In his study, Samargandi (2017) provides strongpstipfor the service-led economy as a
significant contribution to pollution, not only fahe developed economies but for developing
countries as well. However, the gross value ad@dA) of the agriculture sector was found to
be negatively correlated with G@missions, under linear estimations during theopget970-
2014. This study nullifies the presence of the BK€sis for Saudi Arabia. The reasons pointed
to were that Saudi Arabia had recently transforinéal the service sector, and in particular the
transportation sector, accompanied by more oilaextvn operations. Therefore, both the
mining and service sector were found to degradeytiaity of the environment in the KSA.
This is indeed supported by Alkhathlan and Javiil®. Alkhathlan and Javid (2013) find that
oil and gas contribute significantly to the polariin KSA as compared with electricity
consumption. This study covers the annual timeesatata from 1980 to 2011.

Petroleum subsidies are common in oil-rich econemi@e heaviest of fuel subsidisers are the
OPEC-countries, mostly located in the Middle Eamst Blorth Africa (MENA) region (Auneet



al. 2017). Particularly, subsidies are concentratedhe transport industry. Based on the IMF
(2014), subsidies of gasoline and diesel in the MENgion account for around 50% of all
energy subsidies in the region. These supports makeport of people and goods cheaper but
discourage fuel efficiency. This policy attractedsearchers and environmentalists to
investigate the EKC hypothesis in the transponmatiector and has raised an issue about the
role of oil prices on C®emissions. Alshehry and Belloumi (2017) tested rlationship
between transport, G@missions and economic growth in Saudi ArabiayTbend that there
was a significant correlation between total ecoraativities and pollution between 1971 and
2011. Their results indicate that g@missions in transportation are entwined with kergn
economic growth in Saudi Arabia. It is difficultrf®@audi Arabia to keep track of economic
growth without continuing growth in carbon emissomhis means that measures to boost
economic growth must be complemented by measunesitace carbon dioxide emissions.
Considering the role of oil prices on g€@missions, few empirical works included the oil
prices as a variable in the EKC models. Richmordikufmann (2006) argued that the turning
point in the EKC could vary as a result of the @ms of energy prices. Rising energy prices
in the late 1970s and early 1980s reduced energyng carbon emissions. As such, this may
have generated a spurious turning point in thecason between economic growth, energy
use and / or carbon emissions. After the oil pa@sh of 1986, lower energy prices may have
allowed increased energy use and / or carbon emsss income increased (Richmond and
Kufmann, 2006; Heil, and Selden, 2001). To avoid iesue — endogeneity - some studies
started including oil prices as a proxy of energgegs.

Crude oil price could be a poor measurement of ggnerices, as because of international
variation in energy taxes, there are significaftedences between the price of crude oil and
end-user prices (Richmond and Kufmann, 2006). Reeepirical studies have also used the
price of oil in the EKC models testing. The pionegreffort to include the oil price variable
under the EKC hypothesis was carried out by Agrak @hapman (1999). This leading paper
found that energy price was the main determinamiodifition; the estimated model shows that
an increase in oil price leads to low carbon eroissi In the same vein as this argument,
Balaguer and Cantavella (2016) conclude that theéC HKesis is proven for the Spanish
economy from 1874—-2011, where an increase of 1Béahoil prices causes about a 0.4% drop
in global CQ emissions.



For the OPEC region, Saboori et al. (2016) progidgport for a negative relationship between
oil prices and C@emissions. Saboori et al. (2016) used the Autessgve Distributed Lag
(ARDL) during 1977-2008 to test the existence @& EKC hypothesis. The main findings are
that the EKC phenomena are validated and oil ppoemotes environmental quality by
reducing CQ emissions. The main reason behind this negatlagarship is that the rise in oll
prices leads to more foreign revenues in the OP&@tdes and thus increases their income
and economic development, which promotes peoplegsemess and appreciation. Hence, the
environment will increase the demand for a bett@irenment.

However, oil prices might influence the environmdifterently based on the structure of the
economy. For example, in accordance with Boufa2€1i ), the positive changes in oil prices
harm the environmental quality in the Chinese eoonoln other words, positive shocks in
crude oil prices cause an increase in the use laftipg energy. In the long run, the Chinese
production system relies on fossil fuel to achiavaigh rate of economic growth regardless of
environment conservation, in particular at thet fstage of growth.

After this critical review on sectoral GDP-oil peiCQ emissions relationship, it is obvious
that there is a shortage of studies that consititnese variables under the EKC hypothesis. In
specific, for the OPEC region. This scarcity alloasr study to contribute to the ongoing
literature by using a detailed sector analysis gmering the GVA by economic activity sector)

for OPEC countries.

3. Data and Methodology

3.1 Data and Variables selected

The data refers to the years 1992-2015 (a timeeseaf 24 years: a total of 288 annual
observations) and also included in the analysi®w@rOPEC countries (cross-section), namely
Algeria, Angola, Ecuador, Iran, Iraq, Kuwait, Lihydigeria, Qatar, Saudi Arabia, United Arab
Emirates and Venezuela.

As a dependent variable, we measured the enviratainaollution indicator by carbon dioxide
measured in million metric tons. The explanatoryaldes of the study include the value-added
of seven sectors (as listed in Table 1), normal{skdre) by GDP. This allows us to consider
the relative impact of sector-wise decomposed GBDE®G, emissions, based on the belief that
different sectors have different energy intensiti@sl some sectors generate more emissions
due to their production structure (Bowden and Pay2@10; Congregado et al., 2016).

Moreover, following the majority of previous studjeve consider energy use (EU, kg of oil



equivalent per capita) and trade openness (TQpthkvolume of trade normalised with GDP),
as these are implicitly and explicitly linked witBO, emissions levels. Into the EKC
relationship study we have also added into theyarglprovided the previous literature review
performed and to control for omitted variable bjatata for spot crude oil prices ($/b - crude
oil in dollars per barrel) from the data containedhe OPEC Annual Statistical Bulletin (the
‘ASB’)?, is it historical and obtained directly from OPB&mber Countries and third parties
listed in the publication. The period is limited1892-2015 because of the availability of data,
provided we looked for a balanced dataset forn@Ivariables. Unfortunately, this period is the
only time span that has balanced data for all béesa

With respect to the selected variables and dateatmn sources for this investigation of EKC
analysis in OPEC countries, carbon dioxide emissiare measured in tonnes per capita.
Carbon dioxide emissions come from the burningossil fuels and from the manufacturing of
cement, including carbon dioxide produced durireggbnsumption of solid, liquid and gaseous
fuels and gas burning, as extracted from WDI, W&#&hk data. The total GDP and GVA by
sector represents the total added value in theosepnand also the value-added at the
disaggregated level per group of 7 sectors, attaohgrices for 2010, measured in dollars; was
obtained using the Main Accounts Database of Natidcounts.

Sectors were classified in accordance with thermatgonal Standard Industrial Classification
of all Economic Activities (International Standalbustrial Classification of All Economic
Activities —ISIC) (Table 1).

Table 1. Sector identification in accordance withhe ISIC classification

Sector number| ISIC Comprises
acronym
1 A-B Agriculture, Forestry and Fisheries indigstr
2 C-E Extractive and manufacturing industries;

Electricity, gas and water industries

D All manufacturing industries

4 F Construction sector

! We thank the reviewer for the suggestion of inclusion of oil prices into the analysis.
*https://www.opec.org/opec_web/flipbook/ASB2017/ASB2017/assets/common/downloads/ASB2017
13062017.pdf
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5 G-H Wholesale, Lodging, Restoration and sinal&ivities

6 I Transport activities, storage and communication

7 J-P Remaining economic activities

We also include in the EKC analysis variable enecggsumption (Saboori and Sulaiman,
2013a, 2013b), oil prices, and trade openness,hadiifters considering the economic activity
sectors. The Trade Openness variable is measuragasentage of GDP and represents the
sum of exports and imports / GDP, for which theadaburce was the World Economic
Indicators from the World Bank. Regarding energgstomption, this is measured in kg of per
capita equivalent oil, which results in the usepafary energy before processing for other
end-use fuels, and which is equivalent to domgsticuction plus imports and stock changes,
fewer exports of fuels supplied to ships and aftdravolved in international transport. This
data was obtained from the World Economic Indicatifrthe World Bank.

3.2. Methodology: Econometric model and estimagiozposal

The purpose of the study is to identify in the @©OPEC countries if there is a significant
relationship between CCemissions and the related determinants. Equafipraéscribes the
econometric relationship estimated, which relategrnvironmental pollution or degradation

and economic growth.
COypcy = Bo + B1GVAy + BGVAZ + B3CEnery + BuTOp;+PsOSPy + & 1)

C02;; per capitais a measure of emissions/pollution (degradatiorasuee) for the OPEC
country i in moment t; GVA (which nationally is GDRepresents the income of OPEC country
i at moment t; the variabléEner;; corresponds to energy consumption in OPEC couniy
moment t;TO0p;; represents the variable trade openness of OPEQrgduat moment t; OSP
represents oil spot prices of country i in peripg is a non-observable random variable which
follows the classic hypothesis for errors: indemandE (g;) = Oandwvar (g;) =02 In
order to obtain an environmental Kuznets curve hyyothesis described in Equation (1) must
represent the following information with respecttih@ coefficients associated with variables
GVA and GVA squared, or els#0: f; > 0 and B, < 0 represent the EKC hypothesis under
the inverted U shape versHd: f; < 0 and 8, > 0, representing the U-shaped curve.
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In this research we propose a new relationshighferenvironmental Kuznets curve, expressed

through Equation (2).
COzpCjie = Bo + B1jGVA; i + BojGVAF; + B3CEner; ;e + BuTOD; ;e +BsOSPi i + €1 (2)

with j= 1, 2, 3, 4, 5, 6 and 7 representing ecormoaciivity sectors in accordance with the ISIC
classification, to test hypothesis 2. In order the EKC hypothesis to be verified, the
hypothesis described in Equation (2) should obeyfdHowing information with respect to the
coefficients associated with variables GVA and GSfuared, given by, for country i sector j:
HO: B1; > 0and f,; < Owith j =1,2,3,4,5,6,7, representing the EKC hypetbe or the
inverted U-shaped relationship, versufl: ,; < 0and B,; >0 with j =1,2,3,4,5,6,7,

representing the normal U-shaped relationship.

3.1. Panel Corrected Standard Errors (PCSE)

Conventional fixed and random effects models hagea starting point, a one-way model or
even models where the disturbance terms have twigpaoents: first, containing specific
unobservable characteristics of individuals (that bt change over time); and second,
identifying the disturbance. In the fixed-effectoadel, the constant term is not considered,
allowing the disturbance error component to re¢bedcharacteristics of each individual which
is considered fixed. In the random-effects modw®, ¢onstant is an average of all the cross-
section observations, being added to disturbancmsteas a fraction considering each
characteristic. Considering these facts, a two-amagr component model may be used, where
disturbance terms will consider the three error gonents jointly. In doing this, we consider
the specific unobserved individual characterisb€ghe individuals that do not change over
time, a second component associated with the nearebd effects of time and a third error
component considering the remaining of the errepelision. For example, in the fixed effects
model, the first two parameters are consideredifixe

The impact of the dependence between sectionas umitestimation depends on different
factors, such as the magnitude of the correlatietwben sections and the nature of that
dependence. If we assume that sectional dependsncaused by common non-observed
factors which are present, provided this compormédieicts the error term but is uncorrelated
with the other regressors, fixed and random effstimators are consistent although not

efficient, being estimated errors skewed. Besiifethe unobserved components that create
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sectional dependence are correlated with otheressgrs, this will cause bias and estimator
inconsistency in either fixed or random effects.sbtve this issue, Pesaran (2007) suggests the
inclusion of instrumental variables in fixed anshdam effects, but it is hard to include those
instrumental variables which are correlated witle ttemaining covariates but not with
unobserved factors.

Previously, Beck and Katz (1995) suggested a swlutvhich was able to correct the
correlation problem between the standard error mfsssections and between groups,
heteroscedasticity, which consists of the use aeP@orrected Standard Errors (PCSEs) and is
a substitution for the traditional OLS method. Hoee Greene (2003) indicates that this type
of analysis implies cross-sectional covariancewbeh observation units) and in the presence
of non-spherical perturbation errors, the OLS metpooduced coefficients with inefficient
estimates, turning the corresponding standard srsieewed. Another estimation method
proposed by Parks (1967) is based on the genatdksest squares (GLS) method to correct
these standard errors, leading to asymptoticafigient coefficients and standard errors with
no specific trend. To do this, the author assurhas the structure of the covariance error is
specified in an appropriate way, where the elemeftise error covariance matrix are known.
When the process of generating errors is not kndia,problem is not solved, making it
necessary to estimate the errors in the elemeriteeafovariance matrix. A way to surpass this
problem is through the PCSE method proposed by BadkKatz (1995). In this method, we
need to consider a square matrix where the noredaglements are those of a square matrix
NxN of the covariance of the errors of the crossieas, being the diagonal elements
represented by variances specific to each unit@ttoss-section. Nonetheless, for each cross-
section unit of the variance of the error term séimated as the mean squared error of the
estimation of the residual. The cross-sectionakddpnce on errors may be caused by common
shocks, in particular those affecting the non-olegle components, being part of the error
term, which is known as a cross-section dependence.

The advantage of the PCSE model is in considehagrtformation available through the panel
structure and the fact that all periods that magethe residue for each cross-section are
considered to estimate the variance of the erron.t&his method differs from White's
procedure for heteroscedasticity correction (BEaB08), in that it deals with a one-term
variance of observations, as there are T obsensatiy estimation in each cross-section unit.

Therefore, one increased time dimension by itseifdases the performance of the PCSE
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estimate. PCSE estimates are considered robuketootrelation between cross-sections once
they estimate the covariance between units, buttbael is also restrictive. This happens if we
assume the diagonal elements of each cross-secttbe variance matrix are constant and the
off-diagonal elements are all zero (Drukker et2013a, 2013b, 2013c).

The existing discussion in the literature regardd@SE estimate improvements from estimates
obtained by feasible generalised least squareslmanates results from a comparison of the
two methods, emphasizing the former. In related kwdfoechle (2007) developed the
nonparametric estimator of the Driscoll and Kraa998) variance-covariance matrix, as a
robust estimator when data reveals autocorrelatloeteroscedasticity and cross-section
dependence. Not assuming a fixed number of pangs$,uihe Driscoll and Kraay (1998)
estimator does not impose a constraint in finitm@as of N size. Thus, regardless of the
sample size, the variance-covariance matrix ismegéd in a consistent manner (which also
goes for N—w). Hoechle (2007) used Monte Carlos simulationgrave that for the estimator
properties of Driscoll and Kraay (1998), infinitansples are better than those obtained by the
PCSE and cluster estimators in the presence okogrdraneous correlation, including large
panels and few observations in time. To choose dmtvihe fixed or random-effects model, the

Hausman test is used.

3.2. Deterministic and Stochastic Convergence

Convergence means the tendency of series to caaergpng countries, regions or sectors,
usually associated with GDP series. If per capitépuat disparities between converging
economies follow a stationary process, we may emgcin favour of time series convergence.
Therefore, stochastic or deterministic convergaeaahrectly related to the unit root hypothesis
of relative per capita output.

Strazicich and List’s (2003) study was motivatedliy inverted U-shaped relationship implied
by the EKC (between income and environmental dedraa) and is noted as the first to
research convergence patterns of emissions in OEQIhtries. They claim to find the
convergence of COemissions using conventional cross-sectional ssgpas of conditional
stochastic convergence and the panel unit roofliesét al., 2003). Li and Papell (1999) state
that stochastic convergence implies that the logelattive emissions is trend stationary and for
this, they propose a stronger convergence definifiteterministic convergence). In this case,

the log of relative emissions would be mean statipnin this case, both deterministic and
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stochastic trends are eliminated and emissionséncountry move in parallel over the long run
as compared to average emissions. Therefore, detstim convergence implies stochastic
convergence but not the other way around, and westigate both convergence types. To test
stochastic and deterministic convergence, we staweéh the EKC hypothesis variables
analysis, ignoring oil price effects, and afterwaqkrformed the same estimates including
these. Since the results pointed in the same direatith or without oil prices, we have
omitted a presentation of the latter estimatesr@eioto save space. However, in all other tests
performed, oil price inclusion has been comparetthéaresults without considering these.

By taking a panel data approach, we are explorioth kime series and cross-section
dimensions of the data, allowing conditional cogesice to be controlled for, including
country-specific effects. These account for timeaimant compensating differentials. Hadri's
(2000) panel stationarity test is employed, beihg tverage univariate version of the
Kwiatkowski et al. (1992) stationarity test (KPSS)he Hadri (2000) test allows for
heterogeneity in the long-run variances acrossastiimation, but homogeneity can be imposed

as well.

4. Results

Some of the descriptive statistics are shown inéldfor the set of variables selected through
which we study the EKC relationship in the panehgke with 12 OPEC member countries.

Accordingly, average carbon emissions must be dechrand in the period 1992 to 2015 they
reached 4.433 tonnes per capita, where the maxivalume was 6.486 tonnes per capita and the
minimum value reached 1.358 tonnes per capitavailables have been considered in natural

logarithmic form.

Table 2. Descriptive Statistics

Panel OPEC Obs. Minimum Maximum Mean Std. Dev.
Ln CO2 288 1.35840 6.48599 4.43267 0.99941
Ln GVA 288  23.7534 27.2438 25.6076 0.87382
Ln Energy Consumption 288  6.06339 9.96695 7.78538 1.13714
Ln Trade Openness 288 -3.86326 5.17472 4.2280 0.92639
Ln Oil Spot Prices 288 2.3890 4.7380 3.6251 0.73386
Ln GVA Sector 1 288 17.9695 25.1867 22.1398 1.80884
Ln GVA Sector 2 288 19.9196 25.1000 22.9472 1.16900
Ln GVA Sector 3 288  22.5844 26.6093 24.8401 0.928006
Ln GVA Sector 4 288 19.1836 24.386 22.5722 1.18915
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Ln GVA Sector 5 288  20.5947 25.3122 23.1642 1.14588
Ln GVA Sector 6 288 19.1676 24.7600 22.5607 1.18644

Ln GVA Sector 7 288  22.0856 25.8531 24,1118 0.95337

Notes: Sector 1 comprising the Agriculture, Fosesind Fisheries industries; sector 2 correspondinghe sectors of the
extractive and manufacturing industries and alsdudes the electricity, gas and water industriesstay 3 comprises all
manufacturing industries; sector 4 includes thesf@oetion sector; sector 5 encompassing the Whelesadging, Restoration
and similar activities; sector 6 including trangpaxctivities, storage and communication; and seg¢toomprises the remaining
economic activities. All values are in logs.

Regarding the overall economic growth of the tqtahel, there is an average value in the
period of 25.608, with the maximum and minimum eslureaching 27.244 and 23.753,
respectively. For the variable Trade Opening IniGavariation is observed in the period of
interest, with the minimum value shown to be negatn the weighted percentage regarding
GDP, at -3.863, and the maximum value reaching®h.The average value for this economic
variable is 4.723 (relative to GDP).

As regards the sectoral degradation of the GV4s itoted that the highest average values, as
well as the maximum values, occur in sector 3,@ettand sector 5 respectively, whereas the

lowest minimum values occur in sector 1, secton® sector 4 respectively.

Table 3. Stochastic and Deterministic Convergencenalysis — KPSS tests: period 1992-2015 —
specification 1 (by country)

Stochastic Convergence - (Test KPSS trend) Deternigic Convergence - (Test KPSS Level)
Panel OPEC | LnCO2 | LnGVA 'é%r'f;‘fr:?& ('-)r;;r]";‘]‘izs LnCO2 | LnGVA I(_Zrc])rlfsnuer:]gp);o g;;igis
Algeria 0.179%* | 0.156%* 0.169*** 0.203*** 0.791 0.89 0.88 0.544%
Angola 0.081%* | 0.165** 0.102%** 0.161%** 0.868 0.844 0.835** | 0.190%**
Equator 0.156%* | 0.198%* 0.107*** 0.154%** 0.844 0.880 0.16** | 0.399%*
Iran 0.201% | 0.124% 0.189%** 0.115%** 0.876 0.851 0.89 0.286***
Iraq 0.102%* | 0.120%* 0.20%** 0.145%+* 0.77 0.786 0.246* | 0.437**
Kuwait 0,0988** | 0,106*** 0,196%** 0,169%* | 0,198% 0,891 0,198+ | 0,350%*
Libya 0,0629** | 0,171%* 0,163*** 0,0914* | 0,244 | 02474 | 0,244% | 0,726%*
Nigeria 0.147* | 0.152%* | 0.0992%** 0.194% | 0.570%* 0.883 0.570%* | 0.543%
Qatar 0.196** | 0.113** | 0.0136** 0.0622%* | 0.153%* 0.880 0.153** | 0.475%*
Saudi Arabia | 0.127** | 0.206*** 0.156%** 0.138%** 0.864 0.858 0.84 0.418%+
Arabian 0.0525* | 0,096 | 01527 | 0195% | 0.806 0.895 806 0.833
Emirates
Venezuela 0.17%* | 0.143%* 0.160%** 0.061%* | 0.642%* 0.759 0.642% | 0.142%
restraan | wncoz | O | ncom | nTete | incop | A | plee | LT
Group Total | 4.7916% | 7.4097** | 9.8594** 6.5572%* | 15.371%* | 15.117** | 7.4953** [ 6.7147**

Notes: Probability values are in subscript, ***,,* and refer to the rejection of the null hypatiseat the significance levels of 1%, 5%
and 10%, respectivelyAll values are in logsSector 1 comprising the Agriculture, Forestry dfigheries industries; sector 2
corresponding to the sectors of the extractive mwathufacturing industries and also includes thetebity, gas and water
industries; sector 3 comprises all manufacturirtyatries; sector 4 includes the Construction sesamtor 5 encompassing the
Wholesale, Lodging, Restoration and similar acedgtisector 6 including transport activities, steragd communication; and
sector 7 comprises the remaining economic actsvitie
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Before presenting the diagnostic tests, Tables 8 4apresent the convergence test results.
From the stochastic convergence results, consgléhe KPSS and Hadri univariate tests for
each country individually and for the aggregatedgbaespectively, evidence for all OPEC
economies shows the existence of stochastic coemeeg The stationarity rate is rejected at a
level of 1% for the dependent variable ({f@nd independent variables (total GVA, energy
consumption and indicator of trade openness) f@EKC relationship (specification 1 — Table
3).

Having established the existence of stochastic @@ance in C@emissions for the 12 OPEC
economies, both individually and at the aggregateel|l we analyse the deterministic
convergence in COemissions and for the rest of the variables imetidn the EKC
relationship. The notion of deterministic convergersupposes that the analysis of emitted
emissions in a specific OPEC economy presentsdet®y towards a parallel movement in the
long run.

If there is divergence in GQemissions intensity for all of the 12 associatedntries, it is
because the evidence has been supported. Aftertingjethe stationarity hypothesis of null
tendency in the relative intensity of @@missions at the 1% level, this can be seen ipahnel
data test KPSS. This may be the result of the Ihnigletistical power of the panel statistic,
through an exploration of the data’s transversahge.

In accordance with the deterministic convergenat tesults, for variables which integrate
equation (1) of the EKC relationship, in the cadeCG®, emissions per capita, energy
consumption and the indicator of trade openness, ribted that Kuwait, Libya, Nigeria and
Qatar present stationarity for these variables. éle, only in Libya is there evidence which
corroborates stationarity in all series of the cielé variables in this first specification (Table
3). At the aggregate panel level, in accordanch wieé Hadri test result, there is deterministic
convergence.

With respect to specification 2 (by sector and ¢gur Table 4), in terms of stochastic
convergence, we verify that there are series dbsé&&VA values by the country which present
stochastic non-stationarity. This is the case émta 1, 4 and 7 GVA for Algeria, sector 2 in
Nigeria and the Unit Arab Emirates, sector 4 GVA fmgola and Qatar, sector 6 GVA for
Angola, and sector 7 GVA for Saudi Arabia. In sumly in sector 3, GVA is there evidence of

stationarity for all economies in OPEC at the imdiinal level (by country).
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With respect to deterministic convergence of GVAdgctor, in Libya only, there seems to
exist stationarity for all sector GVA, meaning, all the seven economic activity sectors
considered, followed by Iraq with stationarity estite of GVA in sectors 1, 2, 3, 6 and 7. In
turn, Venezuela presents deterministic stationanitsVVA associated with economic activity
sectors 2, 3, 4 and 5. These results explain tretatded value generated in the economic
activity sectors associated with OPEC countriesour sample which present structural
differences will tend to rise in the direction dietr pollution level. As such, convergence, in

turn, is conditioned to OPEC country charactersstic
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Table 4. Stochastic and Deterministic Convergencenalysis — KPSS tests: period 1992-2015 — specificat 2 (by economic activity sector)

Stochastic Convergence - (Test KPSS trend) Deterministic Convergence - (Test KPSS Level)
Panel Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA
OPEC Sector 1 | Sector2 Sector3 Sectord Sector5 Sector6 Sector7 | Sector 1 | Sector2 Sector3 Sectord4 Sector5 Sector6 Sector7
Algeria 0.184*** | 0.200%** 0.210%** 0.208*** 0.225 0.210%*** 0.224 0.887 0.783 0.549%*** 0.875 0.870 0.883 0.872
An90|a 0.209%*** 0.208*** 0.200%** 0.218 0.141%** 0.220 0.185%** 0.835 0.832 0.863 0.848 0.295*** 0.742 0.824
Equator 0.054*** | 0.124%** 0.120%** 0.141%** 0.196%** 0.213*** 0.211%** 0.900 0.888 0.878 0.853 0.819 0.884 0.870
Iran 0.063*** 0.171%** 0.128%** 0.112%** 0.154%** 0.166*** 0.139%** 0.853 0.865 0.680*** 0.757 0.830 0.888 0.878
Iraq 0.180*** | 0.085*** 0.114%** 0.100*** 0.111%** 0.137*** 0.103*** 0.488*** 0.171%** 0.688*** 0.870 0.858 0.356%** 0.864***
Kuwait 0,100%** 0,062%** 0,131%** 0,086*** 0,074%** 0,101 %** 0,084 *** 0,732%** 0,565%** 0,863 0,803 0,791 0,851 0,872
Libya 0,182*** | (0,182%** 0,182%** 0,173*** | 0,160*** 0,160*** 0,143%** 0,327*** | 0,379*** 0,425%** | 0,174*** 0,212%** 0,386*** 0,493***
Nigeria 0.110%** 0.222 0.076*** 0.226 0.180*** 0.145%** 0.186*** 0.8075 0.809 0.856 0.865 0.849 0.870 0.896
Qatar 0.221 0.186*** 0.053*** 0.165 0.158%** 0.127*** 0.196%** 0.475%** 0.847 0.873 0.865 0.864 0.881 0.849
iraaut?l; 0.193*** | (0.185%** 0.140%** 0.206*** 0.185%** 0.205*** 0.225 0.856 0.894 0.820 0.878 0.868 0.800 0.881
Emirates 0.216 0.217 0.052 0.097 0.177 0.161 0.111 0.283 0.826 0.882 0.852 0.861 0.891 0.895
Venezuela | 0.147*** | 0.082%** 0.074%** 0.144%*** 0.134%** 0.171%** 0.188*** 0.770 0.349%** 0.438*** 0.449%** 0.623*** 0.812 0.795
Stochastic Convergence - (Test Hadri Trend) Deterministic Convergence - (Test Hadri Level)

Panel Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA Ln GVA
OPEC Sector 1 | Sector2 Sector3 Sectord Sector5 Sector6 Sector7 | Sector 1 | Sector2 Sector3 Sectord Sector5 Sectorb Sector7
Grou

Totalp 9.604*** 8.554*** 8.257%** 8.123*** 7.345%** 8.542%** 7.596*** 12.68*** 13.11%%** 13.73%** 15.29%** 14.99%** 15.31%** 16.05%**

Notes: Probability values are in subscript, ***,,* and refer to the rejection of the null hypatiseat the significance levels of 1%, 5% and 108épectively All values are in logsSector 1
comprises the Agriculture, Forestry and Fishenmeiistries; sector 2 corresponds to the sectoniseoéxtractive and manufacturing industries and msludes the electricity, gas and
water industries; sector 3 comprises all manufamguindustries; sector 4 includes the constructientor; sector 5 encompasses wholesale, lodgistpragion and similar activities;

sector 6 includes transport activities, storage@mmunication; and sector 7 comprises the remgie@onomic activities.
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These results show that the stationarity diffeedatiound in the analysed series for each OPEC
country and for the period 1992-2015 are imporfantthe disaggregated information level,
supporting the hypothesis that, in terms of ecoeamowth, its changes or temporal variations
are connected at different levels of sector praditgt Therefore, the disaggregation for the
seven economic activity sectors, following the 1l@ssification, seem to show the general
tendency of economic growth rates for the genenatll of economic activity in each OPEC
country, where convergence tends to be conditidoethe specific characteristics of each
sector for some OPEC countries in the sample andvidence unconditional or absolute
convergence for others.

Regarding the diagnosis tests for econometric prab| heteroscedasticity and autocorrelation,
whose regression included the oil spot prices, résilts evidenced in Table 5 show that,
through the Pesaran Test, it is possible to reéfecnull hypothesis of transverse independence
for the random and fixed effects, as previouslywahdor the global sample. Frees’ (1995) test
also allows confirming the rejection of the null poyhesis. Therefore, the presence of
contemporaneous correlation is not indicated.

For both specifications, without and with oil sgoices, the Wooldridge test for the presence
of autocorrelation in a panel data sample indicéttesrejection of the null hypothesis of the
first-order autocorrelation, with a statistical rafgcance of 1%. Additionally, the Wald

modified statistic to test group heteroscedasticitjcates the rejection of the null hypothesis.

Table 5. Data Specification Tests without and witlthe Oil Spot Prices

Specification #1 Pooled Pooled Random| Random Fixed Fixed
Effects Effects Effects Effects
Modified Wald Test{?) 604.37** | 138.93**
Pesaran's Test 0172| 3.720*** 0.425 4.881***
Frees' Test 0.946* 0.504*** 0.916*** 0.583***
Wooldridge Test F(1,11) 14.420*4 14.000***
Specification #2 Pooled Pooled Random| Random Fixed Fixed
Effects Effects Effects Effects
Modified Wald Test{?) 447.46* | 447.46**
Pesaran's Test 0.010 0.010 0.205 3.696***
Frees' Test 0.712* 0.712*** 0.206*** 0.458***
Wooldridge Test F(1,11) 11.550**4 11.550%***
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Following the reasoning described in the EKC speatibns 1 and 2, the simple random and
fixed effects model (CSE), and the random and figédcts model with the robust option to
correct heteroscedasticity (RSE) were estimatetjedisas the random and fixed effects model
with AR1 disturbances (AR1). However, based onrd#mlts of the Hausman Test, the fixed
effects specification should be used in both spatibns, considering and not considering oll
spot prices.

To check the robustness of the results, confirnaingpssible inefficiency in the estimation of
coefficients and bias in the error estimation, #wmilarity should be compared with the
estimators obtained through the panel with randffects and fixed effects. If the results are
different from the PCSE estimators, the PCSE resut more robust (minimum variance). The
results of the estimates for random effects anddfigffects lead to the erroneous rejection of
the power to explain some explanatory variablesspecification 1 and specification 2,
respectively.

To deal with contemporaneous correlation, the P@®Eel was estimated (CORR(IND)), as
well as the PCSE estimator with the option for reteedasticity (HET). The PCSE estimator
with the option for first-order serial correlatiddR1) was also performed to compare the
PCSE estimator with options for both heteroscedi&gtand first-order serial correlation (HET-
AR1). Table 6 presents the results for panel ctecestandard errors for model specification 1,
including two versions of the estimates performeihout and including the oil spot prices in
the analysis.

In accordance with the diagnostic test resultsgoeréd, we will focus attention in the version
including as explanatory variable the oil spot @sicWe will privilege the results of this
version for both equations (1) and (2) of the Kugraeirve specification proposed, although we
will present in the remaining tables the resultthefestimations for both versions, such that we
will be able to access the importance of the inoluof the variable oil spot prices in the
econometric modelling.

Following the results attained for both versionsPainel Corrected Standard Errors, there is
considerable consistency and stability betweerestienators considered. For the income effect
on carbon dioxide emissions, GVA and GVA quadratariables are highly significant,
evidencing these to be an economic driver to nteigaollutant emissions. However, the
statistical evidence, at a 1 percent level, fordbefficients associated with the two variables,
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does not validate the expected inverse U curvederao confirm the existence of the general

EKC hypothesis.

Table 6. Results of Panel Corrected Standard Errordor Specification 1 without and with Oil Spot

Prices
Specification 1 | CORRIND | CORRIND HET HET psAR1L psAR1L HET-ARL HERR1
Ln GVA -5.5600%* | -55352%% | _55EOQ** | 55352k | 10.4792%* | -10.2649%* | -11.2931%* | -11.2186%*
(1.053) (1.090) (1.710) (1.090) (2.065) (2.070) (2.271) (2.268)
L GVA? J12751%0 | 126730 | 12751% | L 12673%*+ | . 2221%+ | | 21763%* | . 237491%* | | 236125%*
(.0204) (.0211) (.0334) (.03327) (.0403) (.0404) (.0445) (.0444)
Ln Cons. 175040 | . 17678** | .175040%* | .17678%* | .101086*** | .19971%* | .15876%* | .1509298%
Energy (. 0134) (. 0135) (. 0233) (. 0232) (. 0287) (. 0304) (. 0428) (. 0423)
LnTr. - 133057 | - 14206** | - 13305** | - 14206** | -.016999 -.02013 -017492 | -.018550
Openness (. 0386) (. 0395) (. 0363) (. 0368) (. 0280) (. 0284) (. 0258) (. 0260)
05485 . 05485 .04801 -.001283
Ln Oil Prices (. 0214) (. 0379) (. 0313) (. 0389)
Constant 62.3074** | B61.9866** | 62.3074** | B1.9866** | 125442+ | 122.397** | 136.537** | 135520%*
(13.50) (13.95) (21.89) (13.95) (26.41) (26.45) (28.98 (28.99)
Observations 288 288 288 288 288 288 288 288
R2 0.8004 0.8018 0.8004 0.8018 0.9414 0.9477 0.7655 0.7675

Note: Values in parenthesis report to standardrrry**,*** represent significance at 10%, 5% arid% respectively.
Specification #1 does not include economic actisigtors. Contemporaneous correlation PCSE model (COHR)( PCSE
estimator with the option for heteroscedasticitye{, PCSE estimator with the option for first-ordegrial correlation
(psAR1); PCSE estimator with the options for bottehescedasticity and first-order serial correlagBIET-AR1).

Moreover, the statistical significance associatéith Whe variables of energy consumption and
the indicator of trade openness in explaining ti@dase in carbon emissions should also be
highlighted. In fact, increased energy consumptonl trade openness stimulate economic
activities and consequently, increase income. @emisig, the version with oil spot prices the
coefficients of the PCSE (HET-AR1): an increasel®é in income (GVA), decreases €0
emissions by 11.21%; while an increase of 1% irrggheonsumption (Cons. Energy) increases
CO, emissions by 15.92%. However, neither the trgoenoess indicator and oil spot price
variables show statistical significance at the Ubkaeel.

In the PCSE, for EKC specification 2, considerimgreomic activity sectors, according to the
results shown in Table 7 for both versions, congideoil spot price effects or not, there is a
good joint significance for the explanatory varalothcome by sector towards g@@missions.
Considering the PCSE model, this was estimated ®&@\D)), and the PCSE estimator with
the option for heteroscedasticity (HET) was appli€tde results show important statistical
evidence at the 1% level, such as an increase omlitfcome for sector 7 (GVA sector 7)
decreases C{emissions by 8.35%; an increase of 1% in incomeséator 4 (GVA sector 4)
decreases C{emissions by 3.39%; an increase of 1% in incomeséator 1 (GVA sector 1)

decreases C{emissions by 0.78%; while an increase of 1% immine quadratic for sector 7
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(GVA? sector 7) increases G@missions by 0.185%; an increase of 1% in incomamatic
for sector 4 (GVA sector 4) increases GGmissions by 0.083%:; an increase of 1% in

quadratic income for sector 1 (G¥8ector 1) increases G@missions by 0.20%.

Table 7. Results of Panel Corrected Standard Error$or Specification 2 without and with Oil Spot

Prices
Specification § CORRIND | CORRIND  HET HET psAR1 psAR1 HETAR1 | HETAR1
209719% | 28762%* | .200710%* | 28762%* | 224679%* | 23112%* | .224031%* | .224797**
L Cons.Energy
(.0567) (.0567) (.0499) (.0496) (.0563) (.0573) (.0562) (.0558)
L Trade Open. | .019025 .0.26007 .019025 | .0.26007 .0119925 | . 012779 .0069946 | .009018
(.0240) (.0241) (.0245) (.0244) (.0230) (.0231) (.0221) (.0222)
L Ol Prices. . 053142+ . 053142* -.009577 -.035179
(.0298) (.0323) (.0310) (.0346)
GVA sector1 | 6420117 | -78130%* | -642011* | -78130* -.067332 .109890 -.067238 .010605
(.0266) (.0296) (.3051) (.0318) (.4153) (.4229) (.4517) (.446)
GVA sector2 | .453716% | -4.5120%* | -4.5371%* | -4.5120%* | -3.9528%* | -4.2889%* | -3.7833%* | -3.82950**
(1.016) (1.010) (1.078) (1.054) (1.601) (1.636) (1.606) (1.573)
GVA sector3 | 541496+ | 5.1883** | 5.41496** | 5.1883%* 251712 2.94113 3.93910% | 4.01242*
(1.505) (1.526) (1.610) (1.612) (2.091) (2.072) (2.257) (2.212)
GVA sector4 | _3.46091%* | -3.304%* | -3.4609%* | -3.394%* -.915154 -1.00138 -1.472665 | -1.52982
(. 7665) (. 506) (. 8196) (.8219) (.9068) (.902) (.9758) (.9705)
GVA sector5 | .440562* | -3.8658** | -4.4056** | -3.8658** -.20513 172379 .366796 .288028
(1.491) (1.426) (1.221) (1.186) (1.876) (1.872) (1.940) (1.913)
GVA sector 6 | 1 .88496%+* 1.2957 1.88496%* 1.2957 1.94797 153704 1.915143 | 151251
(.9774) (.9524) (.9487) (.9247) (1.212) (1.226) (1.134) (1.126)
GVA sector 7 | _ggogar+ | -8.3503%* | -8.8082%* | -8.3503** | -6.7544** | -6.9867* | -7.4189%* | -7.20330*
(2.061) (2.091) (2.289) (2.274) (3.214) (3.201) (2.936) (2.921)
GVAZsector 1 | - 0202727 | 02308 | .02027** | .02308*** . 001909 .0010773 .001942 | .003206
(.0059) (.0060) (.0070) (.0073) (.0097) (.0099) (.0106) (.01049)
GVAZ2sector 2 | "010800°%* | -0.10068** | -10500%* | -0.10068** | -.045637 -.054463 -.074158* | -.075846*
(.0311) (.0315) (.0332) (.0331) (.0430) (.0427) (.0460) (.0451)
GVAZsector 3 | “0-97636™* | 09671 | -0.9763** | .09671*** | -0.85089** | .093369** | -0.81565* | .082401*
(.0226) (.0224) (.02413) (.0235) (.0360) (.0367) (.0359) (.0351)
GVAZsector 4 | 0842397 | .08320% | .084239** | 08329 .0226443 .024856 .036144* | .037814*
(.0175) (.0172) (.01879) (.0188) (.0208) (.0207) (.0224) (.0222)
GVAZsector§ | O- 1094 | -00803** | -.10048** | -09803** | -.0060776 | -014399 -.0191765| -.017728
(.0329) (.0314) (.02686) (.0260) (.0412) (.0411) (.0426) (.0420)
GVAZsector 6 | - 06080 -.02447 - .06060%* |  -.02447 -.0301781| -.030004 -.0297575| -.02931
(. 0222) (.0217) (. 02151) (.0209) (. 0274) (.0277) (. 0255) (. 0254)
GVAZsector 7 | 18584 | 185658 | 18584+ | .18568** | .152572% | .157401% | .167431* | 164803+
(. 0431) (.0436) (. 0478) (.0474) (. 0671) (.0668) (. 0609) (. 0606)
Constant 60.8970** | 67.993** | 60.8970%* | 67.093%* | 82.7395%* | 80.424** | 70.9363%* | T71.274%*
(18.88) (18.895) (19.09) (19.287) (25.41) (25.308) (27.50) (27.22)
Observations 288 288 288 288 288 288 288 288
R? 0.9329 0.9336 0.9329 0.9336 0.9580 0.9616 0.8675 0.8706

Note: Values in parenthesis report to standardrrry**,*** represent significance at 10%, 5% arid% respectively.
Specification #2 refers to estimations by econoautivity sector. Sector 1 comprises the agricultfoeestry and fisheries
industries; sector 2 corresponds to the sectoteeo&xtractive and manufacturing industries and aisludes the electricity,
gas and water industries; sector 3 comprises afiufaaturing industries; sector 4 includes the cwrsibn sector; sector 5
encompasses the wholesale, lodging, restorationsandar activities; sector 6 includes transportiaties, storage and
communication; and sector 7 comprises the remaiagamomic activities Contemporaneous correlation P@8Hel (CORR
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(IND)); PCSE estimator with the option for heteratasticity (HET); PCSE estimator with the option fost-order serial
correlation (psAR1); PCSE estimator with the optifmmsboth heteroscedasticity and first-order ser@telation (HET-ARL).

All of this statistical evidence reveals a U-shap#dC relationship between GVA in sector 7,
GVA in sector 4, GVA in sector 1, and @@missions in OPEC countries. Moreover, for other
sectors, an increase of 1% in income in sector \BA(Gector 3) increases G@missions by
5.18% and an increase of 1% in income in sect@\6X sector 6) increases G@missions by
1.29%. However, while an increase of 1% in quadrtome in sector 3 (GVAsector 3)
decreases C{emissions by 0.976%, while an increase of 1% iadgatic income in sector 6
(GVA? sector 6) decreases g€missions by 0.024%.

In this case, the results evidence an inverse |geshaelationship between carbon emissions,
GVA for sector 3 and sector 6. Other significargules show an increase of 1% in income in
sector 2 (GVA sector 2) and an increase of 1% aonme in sector 5 (GVA sector 5), which
implies a decrease in G@missions of 4.51% and 3.86%; respectively.

Besides this, an increase of 1% in quadratic incomsector 2 (GVA sector 2) and in sector 5
(GVA? sector 5), decreases €®missions by 0.100% and 0.098% respectively. Hewev
these results do not corroborate any functionahftor EKC specification 2, formulated in this
study for OPEC countries during the 1992-2015 pkmaoalysed. In summary, our second
hypothesis proposed in this study is only partiatyyroborated, suggesting a deeper discussion
Is needed of the mixed results evidenced by estmst

It is challenging to compare these results wittséhof other authors, provided that no previous
studies analyse individual economic activity sextar OPEC countries. However, some
interesting studies can be presented here whieteréb the results. The EKC hypothesis has
been investigated extensively in recent years. ikstance, Shahbaz et al. (2018) found an
inverse U shape between Indian economic growthGiddemissions from 1971-2015 using an
autoregressive distributed lag (ARDL) approach. Rodeveloped economy, Shahbaz et al.
(2018) provide a validation of the non-linear riglaship between economic growth and
environmental degradation in France, covering theod 1955-2016. Also, in this study, the
authors found significant evidence for the pollaotibaven hypothesis; that FDI inflows
contribute significantly to C@emissions. Another example of the existence oBKE is the
study by Shahbaz et al. (2017) on the Chinese @epndhese findings validate the EKC
hypothesis in China from 1970-2012, applying Baged Hanck’s combined cointegration test

as well as the ARDL bounds testing approach totegnation by accommodating structural
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breaks in the series. Sinha and Shahbaz (2018)te to estimate the EKC for G@mission

in India for the period 1971-2015 using unit roests with multiple structural breaks and the
ARDL approach to cointegration. The authors founidence of an inverted U-shaped EKC for
India, and conclude that renewable energy hasrafisgnt negative impact on G@missions
and that trade is negatively linked with carbonssians.

The results of the estimates for both FE and RH teahe erroneous rejection of the power to
explain certain explanatory variables. Additionally comparison of FE and RE is made
regarding inefficiency in coefficient estimationing three options (see Tables A.1 and A.2 for
specification 1, and A.3 and A.4 for specificatidnn the Appendix); Conventional Standard
Errors (CSE), Robust Standard Errors (RSE) and-6rder Autoregressive Errors (AR(1). In
fact, these estimators are not well suited to dgakimultaneously with both serial and
contemporaneous correlations, for which we foundtidtcal evidence with the PCSE
estimator. Therefore, with both results of FE artifResented in tables A.1, A.2, A.3, and A.4
in the Appendix, the parameters reveal similarificances in both estimators, and the results
of the Wald tests reveal statistical significanted% level, rejecting the null hypothesis of
non-significance as a whole for the parametersi@feixplanatory variables. On the other hand,
the LM test statistically and strongly rejects tindl hypothesis of the existence of specific
effects. In fact, the results do not invalidate pgoality and inefficiency for both estimators FE
and RE, while the PCSE estimator is highly effitijegn general, the variance of the PCSE

estimators is smaller than FE or RE.

5. Discussion: Policy Implications
According to Dinda (2014, p.431), the EKC hypoteepostulates an inverted-U-shaped

relationship between different pollutants and papita income, i.e., environmental pressure
increases up to a certain level as income goesftgy; that, it decreases”. Results reveal that
the EKC hypothesis is an inverted U shape for magstufing industries and transport activities,
storage and communication, but for others is nber&fore, energy conservation policies in
these two sectors should be addressed in the longithout caution to limit economic growth.

In addition, from a sustainability perspective, thomed economic growth is not possible in the
remaining sectors without continuing increasesarbon emissions. A sizeable literature on
EKC has grown up in the recent period, generallyntioaing that environmental quality

deteriorates in the early stages of economic dewedmt/growth and subsequently improves in
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the later stages (if only the quadratic form isuassd). According to our results, but not in all
sectors, environmental pressure increases fasteriticome in the early stages of development
and slows down relative to GDP growth at higheome levels, except for manufacturing and
transport, storage and communication.

We hypothesise that the intrinsic vulnerabilities directly associated with the historical fact
that OPEC countries are overly dependent on incgemwerated by the oil business, and
therefore that these countries have some conttbpawer to act to reduce the negative effects
of these transmission mechanisms. This findingomed by Hochman and Zilberman (2015),
is corroborated by the description that Venezuedd &an usually present their lowest
production quotas within the OPEC organisation andsequently should contribute in a
different way to the mitigation of carbon emissionthat paradoxically happens is that in these
countries, the values of the subsidies to prodoai@ higher than in others.

Also, according to Hochman and Zilberman (2015), EOP countries with
governments/institutions that have experiencedlitagnd government crises are more likely
to provide higher subsidies and avoid deviatiomttter sectors of activity. It is in this sense
that, for environmental reasons, a strategic dex@ln in the oil and hydrocarbon sector can be
proposed in the medium or long term, with alteneiin the use of cleaner energy sources
(alternative energy sources), while on the otherdhdooking for diversions of concentrated
production in the petroleum production sector, vehoxome from this sector can subsidise
production in other sectors of economic activitiev@ns (2015) exemplifies the mechanism by
suggesting that the crowding-out effect occurs wingestment in oil, natural gas or minerals
is so large relative to the rest of the economy ithattracts a large share of a country's scarce
resources. As a result, OPEC economies that havegrémtest difficulty in supplying other
sectors with the necessary factors for developmahthardly have implemented policies for
the introduction, creation and/or reconversion rafdoiction plants to cleaner and less polluting
sources. Thus, the validity of the Kuznets curvehwtihe panel data does not make it
perceptible in which countries that are in a maeofirable condition to mitigate polluting
effects in those economies.

According to Stevens (2015), this effect is espgBcralevant in smaller countries or in projects
concentrated in a single region of the respectiA=0O country. The environmental risks and
damage of oil production in themselves demandsingiof awareness and responsibility of the

OPEC organisations on the need to re-invest inrgpnemising non-fossil energy sectors
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(biofuels, biomass, wind). In our study, this woulé associated with economic growth
generated in sector 2 (extractive industries, magtufing industries and industries producing
electricity, gas and water) and the capacity totrioute to the mitigation of emissions in the
OPEC economies.

Unfortunately, not least is the fact that this itganay negatively affect the petro-states that
have this sector as their main source of econooma\al, as is the case for Angola, Nigeria,
Venezuela and Equatorial Guinea in the currentecdnBut we can also point out that our
results show significant economic growth associatigk sector 4 (construction) and associated
with sector 5 (trade, housing, restoration and laifnlinked to the behaviour of emissions in
economies such as Qatar, the United Arab EmiratdsSaudi Arabia, in which oil revenues
have supported other sectors, such as through aaidhe construction of buildings and
infrastructure capable of responding to the preset future challenges of growing tourist
demand.

The results also seem to point to evidence of deitestic convergence at the aggregate panel
level. However, at the country level, differenceseege, and only in Libya do the results seem
to indicate convergence in G@missions, GVA, energy consumption and trade op&sn
indicators. The manufacturing industry sector is timly sector revealing stationarity for all
OPEC economies, and only Libya exhibits determimisbnvergence for all sectors GVA.
Therefore, the results seem to point to structifiérences among OPEC countries which will
tend to arise through their own pollution leveldasonvergence is conditioned to the OPEC
country characteristics.

We were specifically interested in exploring whettlee income-environment EKC dynamics
of the more emission-intensive sectors (3- manufagy and 6- transport) and those which are
less emission-intensive (the service sector), difend the results lead to a favourable
conclusion on this point. Therefore, this is a algat policy action has already been taken
into account in these two sectors, but pressuraldhxe placed on the remaining ones. At least
in the most emission-intensive sectors, policyansiin OPEC countries seem to have started
to produce the desired effects.

The results seem to indicate that value-added ¢raenerated in economic activity in the
sectors of OPEC countries included in the sampeeant structural differences which will tend
to grow in the direction of their own pollution kely while convergence becomes conditional on

OPEC country characteristics. Empirical estimatipesformed indicate the validity of the
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EKC hypothesis in only two economic activity sest@manufacturing; transport, storage and
communications) and show a U-shaped relationshiphi@e sectors (agriculture, forestry and
fisheries; construction; remaining activities), damcing different degrees of environmental
awareness regarding gross value added growth moeto activity sector. The results point to
a U-shaped relationship when considering all 12 ORBuntries in all PCSE specifications,
except in the random and fixed effects model withradbust option to correct for
heteroscedasticity. Energy consumption has a pesiéind significant effect on carbon
emissions: thus leading to environmental degradatidnile trade openness has a negative and
significant effect on emissions, leading us to ¢ode that trade openness in OPEC countries
leads to environmental improvements.

Including oil prices in the analysis, and considgrihat we are analysing OPEC countries,
these were introduced to avoid omitted variablesdésa has reinforced some of the results
attained previously. It has changed the confiddeeels for the diagnostic tests, since with
their introduction we have evidence in all for th&gnificance, thus providing more robustness
to the use of PCSE methods. For example, Pesdrasiswhich was not significant under the
hypothesis of no oil prices in the analysis, becasignificant with oil price inclusion.
Moreover, the introduction of oil price effects hasanged the magnitude of the coefficients
obtained through estimations, as well as the standiviation in some of the model
specifications. In the correlations, there areigaificant changes, but in terms of magnitude, it
was possible to verify that there are. As suchluthing oil spot prices in our analysis has
rendered the results more robust.

Concerning sectors, we were only able to validaeeEKC hypothesis, an inverted U-shaped
relationship, for two economic activity sectors (mgacturing industries and transport
activities, storage and communication). In othest@s, when both coefficients of GVA and
GVA squared variables are significant, the ressiem to point to a U-shaped relationship
between carbon emissions and sector growth in thmde sectors (agriculture, forestry and
fisheries; construction; and remaining activitieslowever, we were unable to validate a
significant relationship for the extractive and mgacturing industries, which also include the
electricity, gas and water industries and wholedaldging, restoration and similar activities.
Thus, policymakers should be aware of the sigmticdifferences among economic activity
sectors and impose different restrictions once tbsults seem to indicate that sector

diversification contributes to environmental awasnand impacts even in OPEC countries.
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Given all the evidence found in this study, we é@adi that national policymakers should make
serious commitments towards economic diversificasie a solution to reduce the degree of the
country's economic petro-dependence. This econpolicy recommendation incorporates the
challenges of diverting the wealth generated frdra bil and hydrocarbons business to
investments in origins/sources non-related to gneognsumption. This is particularly seen in
the economic activities of agriculture, manufaetgricommerce and services, as in industries
and services in the waste treatment and dispostébrsdn the latter cases, it is a matter of
conceiving and disseminating technologies and nasthof organisation of production

processes which result in a decrease in carbondgi@missions.

6. Conclusions

The main focus of this research was to investigla¢gerelationship between GVA and €0
emissions by adding energy consumption and thaeantle of the trade openness indicator on
the relationship. Thus, this study empirically exaed an EKC hypothesis applied to a panel of
12 OPEC economies for the period of analysis dfterGulf War, i.e. the period 1992-2015.
Besides this, an attempt was made to test theeexistof a new hypothesis related to the form
of the EKC (second specification), in which theluehce of economic growth generated in 7
sectors according to ISIC classification was aredy@cluding, as in the first specification, the
impact of energy consumption and the impact of apses to trade recognised as a major cause
of CO, emissions. Additionally, both deterministic andctastic convergence was tested for
all the relevant variables included in the analysiscountry and by economic activity sector.
The oil and hydrocarbon production industry in OP@&mber countries is one of the sectors
that contribute most to environmental pollutiorrotigh the release of carbon dioxide and oil
spills that affect the ecosystem. Our results slaopartial response given the objectives or
hypotheses enumerated and the intended goal$ theoone hand, it was intended to validate
EKC for the panel of OPEC countries in quadratiorfpoand in the more conventional form, we
conclude that, using the cointegration option, sitiee Kuznets curve is validated in the form
of U and at a significance level of 1%, in the tesof the Panel Corrected Standard Errors
estimator, the results for the second proposatherEKC shows for some sectors the validity
of EKC in the form of an inverted U alternating withe U-shape. However, for sector 2 and
sector 5 in the time period, the concave relatignbketween economic growth in these sectors
and their contributions to the decrease in emissisrcontinuous. Given the non-convergence

in the one-way results: i.e., the validity of Kushe the form of an inverted U, we believe that
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intrinsic and extrinsic vulnerabilities have diéet impacts between the countries that make up
this OPEC sample.

It seems to be generally agreed, and our resuitstitate a permanent reflection that, in the
long-term perspective, the economic and environaiestiability of the oil sector will have to
be associated with the entry of other alternatiergy sources into the OPEC economies.
Based on the results found, in the case of the rgtiadspecification of the EKC Kuznets
relationship with the influence of global economgiowth for the OPEC panel, we can infer
that the Kuznets curve in the form of a U and #&weel of significance of 1% is validated,
based on the results of the Panel Corrected Stariel@or estimator. Regarding the second
specification of the EKC, with the inclusion of thelation of economic growth by sector of
economic activity, the results of the Panel Cordchtandard Error estimation show that the
EKC formats are presented in 2 forms: in the foifna & for the relationship between GVA
and carbon emissions in sector 7, sector 4 andrsécand appearing as an inverted U in the
relationship between GVA and carbon emissions ¢hose3 and sector 6. Inclusion of oil prices
in our analysis has increased the robustness akthéts already attained, while also allowing
us to provide full significance to all diagnostiests presented, confirming the need to use
PCSE methods for testing the EKC hypothesis.

So, given the non-convergence in the one-way eSudt as the validity of Kuznets in the form
of an inverted U, it seems that intrinsic and emic vulnerabilities have different impacts
between the different countries that make up th&E©RBample. Therefore, one of the most
important conclusions of this study is that actiagainst environmental problems in sectors of
economic activity in OPEC member countries persgitinuously in most sectors, even if
Gross Value Added increases in these sectors. ®mttier hand, the results of the various
estimators show that the variable energy consumpgticluded in the two proposed EKC
relationships presents statistical significance.tum, the trade openness variable shows
opposing statistical evidence, since in specifizatl it is shown to be statistically significant,
while in the second specification, the results ptarits non-significance.

This paper has some limitations that will form thesis for future research. Investigating the
validity of the EKC hypothesis through the metha®d in the study, rather than modelling
based on assumptions in quadratic or cubic fornpeihaps pioneering for future studies.
However, our study has periodic, geographical dataand methodological limitations. First,

since the technique used in the paper createsarirthe sample, the model could be studied
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for a longer period in future studies. Second, eggaphical limitation is found based on the
fact that the appropriate sample period to use rifethodology for indicators that represent
sectoral emissions exists only for the OPEC ecoesmirhe development of data sets
containing sectoral emission indicators for otheurdries or country groups will allow the
study to be carried out from a wider perspectiviard; in terms of the methodology, it would
be possible to apply different panel data techrsgumeich control for endogeneity.

Acknowledgements

To be included.

References

Al Mamun, M., Sohag, K., Mia, M.A.H., Uddin, G. Szturk, I., 2014. Regional differences in the
dynamic linkage between CO2 emissions, sectorgdubtdnd economic growth. Renew Sust Energy
Rev 38, 1-11.

Alkhathlan, K., Javid, M., 2013. Energy consumptioarbon emissions and economic growth in Saudi
Arabia: An aggregate and disaggregate analysiggiri®olicy 62, 1525-1532.

Alshehry, A.S., Belloumi, M., 2017. Study of thevennmental Kuznets curve for transport carbon
dioxide emissions in Saudi Arabia. Renew Sust BnBmey, 75, 1339-1347.

Amri, F., 2017. Carbon dioxide emissions, outputd @&nergy consumption categories in Algeria.
Environ Sci Pollut Res, 24, 17, 14567-14578. hifghai.org/10.1007/s11356-017-8984-7.

Aune, F. R., Grimsrud, K., Lindholt, L., RosendaKIE., Storrgsten, H. B., 2017. Qil consumption
subsidy removal in OPEC and other Non-OECD cousitrigil market impacts and welfare effects.
Energy Econ 68, 395-409.

Balaguer, J., Cantavella, M. 2016. Estimating tdrenmental Kuznets curve for Spain by considering
fuel oil prices (1874-2011). Ecol Ind 60, 853-859.

Boufateh, T., 2019. The environmental Kuznets cusyeconsidering asymmetric oil price shocks:
evidence from the top two. Environ Sc Poll Res2&,06-720.

Bowden, N., Payne, J.E., 2010. Sectoral analysibeotausal relationship between renewable and non-
renewable energy consumption and real output indBeEnergy Sources, Part B: Econ Planning and
Policy, 5, 4, 400-408.

Congregado, E., Feria-Gallardo, J., Golpe, A.Aledms, J., 2016. The environmental Kuznets curve
and CO2 emissions in the USA: Is the relationsiepveen GDP and CO2 emissions time varying?
Evidence across economic sectors. Environ Sc Feést 23, 18, 18407-18420.

De Vita, G., Katircioglu, J.T., Altinay, L, Fethg., Mercan, M., 2015. Reuvisiting the Environmental
Kuznets Curve Hypothesis in a Tourism Developmenmit€X. Env Sc Pollut Res 22, 21, 16652-16663.

31



Dinda, S., 2004. Environmental Kuznets Curve Hypsist A Survey. Ecol Econ, 49, 4, 431-455.

Drukker, D.M., Egger, P.H., Prucha, I.R., 2013a. twn-step estimation of a spatial autoregressive
model with autoregressive disturbances and endogemgressors. Econ Rev, 32, 686-733.

Drukker, D.M., Peng, H., Prucha, I.R., Raciborgki, 2013b. Creating and managing spatial-weighting
matrices with the spmat command. Stata J, 13,2;286.

Drukker, D.M., Prucha, I.R., Raciborski, R., 2013ccommand for estimating spatial-autoregressive
models with spatial-autoregressive disturbances adtitional endogenous variables, Stata J, 13, 2,
https://doi.org/10.1177/1536867X1301300203.

Frees, E.W., 1995. Assessing cross-sectional etimelin panel data. J Econometrics, 69, 2, 393-414
http://doi.org/10.1016/0304-4076(94)01658-M.

Greene, W., 2003. Econometric Analysis. Upper SaBiNer: Prentice Hall.

Grossman, G.M., Krueger, A.B., 1995. Economic gtoamd the environment. Quart J Econ, 110, 2,
353-377.

Hadri, K., 2000. Testing for stationarity in hetgemeous panel data. Econometrics J, 3, 148-161.

Hao, Y., Zhang, Q., Zhong, M., Li, B., 2015. Is rdneconvergence in per capita SO2 emissions in
China? An empirical study using city-level paneiadad Cleaner Prod, 108, Part A, 944-954.,

Heil, M.T., Selden, T.M. 2001. Carbon emissions andnomic development: future trajectories based
on historical experience. Environ Devel Econ, 63-83.

Im, K.S., Pesaran, M.H., Shin, Y., 2003. Testinguoit roots in heterogeneous panels. J Econorsetric
115, 53-74.

Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., 8hiY., 1992. Testing the null hypothesis of
stationarity against the alternative of a unit rdmw sure are we that economic time series hawgta
root? J Econometrics, 54, 159-178.

Li, Q., Papell, D., 1999. Convergence of internalooutput: time series evidence for 16 OECD
countries. Int Rev Econ Fin, 8, 267-280.

Martinez-Zarzoso., |., Bengochea, M.A., 2004. Pddiéean Group Estimation of an Environmental
Kuznets Curve for CO2. Econ Letters, 82, 1, 121-126

Mazzanti, M., Montini, A., Zoboli, R., 2007. Envimmental Kuznets Curves for GHGs and Air
Pollutants in Italy. Evidence from Sector Enviromta Accounts and Provincial Data. Econ Pol,
3/2007, 369-406. doi: 10.1428/25818.

Moutinho, V., Varum, C.A., Madaleno, M., 2017. Hosconomic growth affects emissions? An
investigation of the environmental Kuznets curvd’ortuguese and Spanish economic activity sectors.
Energy Policy, 106, 326-344.

Mrabet, Z., AlISamara, M., Jarallah, S.H., 2017.Trhpact of economic development on environmental
degradation in Qatar. Environ Ecol Stat, 24, 1,8/+8tps://doi.org/10.1007/s10651-016-0359-6.

32



OPEC, 2015. World Oil Outlook 2015. Access 29 Ddoen?018.
http://www.opec.org/opec_web/static_files_projeetdia/downloads/publications/WO 0%202015.pdf;

OPEC, 2016. OPEC Share of Crude Oil Reserves Zibess 29 December 2018.
http://www.opec.org/opec_web/en/data_graphs/330.atedido a 29 de Dezembro de 2018

Pablo-Romero, M.P., Cruz, L., Barata, E., 2017 tifigsthe transport energy environmental Kuznets
curve hypothesis in the EU27 countries. Energy E68n257-269.

Panayotou, T., 1993. Empirical Test and Policy Asial of Environmental Degradation at Different
Stages of Economic Development. World Employmentsédech Programme, Working Paper,
International Labour Office, Geneva.

Panayotou, T., 2003. Economic Growth and the Enwrent. Paper prepared for and presented at the
Spring Seminar of the United Nations Economic Cossion for Europe, Geneva.

Panopoulou, E., Pantelidis, T., 2009. Club Conwacgein Carbon Dioxide Emissions. Environ
Resource Econ, 44, 1, 47-70.

Pesaran, H., 2007. A simple panel unit root teshénpresence of cross-section dependence. J App Ec
22, 2, 265-312.

Phillips, P.C.B., Sul, D., 2007. Transition Modglinand Econometric Convergence Tests.
Econometrica, 75, 6, 1771-1855.

Ramos, A.H., Madaleno, M., Amorim Varum, C., 2018.Analysis of the Environmental Kuznets
Curve (EKC) Hypothesis in Portugal: Sector Data &mubvation Effects, 2018 15th International
Conference on the European Energy Market (EEM), zlLod2018, pp. 1-6.doi:
10.1109/EEM.2018.8469919

Richmond, A. K., Kaufmann, R. K. 2006. Is thereuening point in the relationship between income
and energy use and/or carbon emissions? Ecol BépR2, 176-189.

Saboori, B., Al-mulali, U., Bin Baba, M., Mohamme&lH., 2016. Oil-Induced environmental Kuznets
curve in organization of petroleum exporting coig®i{OPEC). Int J Green Energy, 13, 4, 408-418. doi
10.1080/15435075.2014.961468.

Saboori, B., Sulaiman, J., 2013a. CO2 emissiongyggnconsumption and economic growth in
Association of Southeast Asian Nations (ASEAN) daen: a cointegration approach.Energy, 55, 813-
822.

Saboori, B., Sulaiman, J., 2013b. Environmental raéation, economic growth and energy
consumption: Evidence of the environmental Kuzieatse in Malaysia. Energy Policy, 60, 892-905.

Samargandi, N. 2017. Sector value addition, tecdgybnd CO2 emissions in Saudi Arabia. Renew
Sust Energy Rev, 78, 868-877.

Shahbaz, M., Khan, S., Ali, A. and Bhattacharya, BD17. The impact of globalization on CO2
emissions in China. Singapore Econ Rev, 62, 4,%0-

Shahbaz, M., Nasir, M.A. and Roubaud, D., 2018.ilenwnental degradation in France: the effects of
FDI, financial development, and energy innovatidersergy Econ, 74, 843-857.

33



Sinha, A. and Shahbaz, M., 2018. Estimation of Emvnental Kuznets Curve for CO2 emission: Role
of renewable energy generation in India. Renew g8nerl9, 703-711.

Sohag, K., Kalugina, O., Samargandi, N. 2019. Réiug environmental Kuznets curve: role of scale,
composite, and technology factors in OECD countigwiron Sc Pol Res, 26, 27, 27726-27737.

Strazicich, M., List, J., 2003. Are CO2 Emissionvels Converging Among Industrial Countries?
Environ Res Econ, 24, 3, 263-271.

Tiba, S., Omri, A. 2017. Literature survey on theationships between energy, environment and
economic growth. Renew Sust Energy Rev, 69, 1128611

34



Appendix

Table A.1. Comparison of Fixed effects (FE) estioratwithout and with oil prices -
specification #1
CSE CSE RSE RSE AR1 AR1
FGLS FGLS Fixed Fixed Fixed Fixed Fixed Fixed
Specification # 1 Effect Effect Effect Effect Effect Effect
Ln GVA -5.979*** -5.969*** | -5.28003 | -1.02224 -5.28003| -1.02224 | -7.446***| -6.0617*
(.4341) (.4329) (1.2516) | (1.320) (4.445) | (4.126) (2.533) | (2.429)
Ln GVAZ .1356*** A351%* | 1199%+* .030133 .119945| .0301333 1561 | \1286%+*
(..00848) | (.00846) (.02478) | (.0265) (.08683) | (.0816) (.0503) | (.0484)
Ln Cons. Energy .1706%** A719%* | 074490 | .013910 | .0744908| .0139102| .050867| .031191
' (.00592) (.00596) (.06515) | (.0610) (.11011) | (.1150) (.0650) | (.0648)
-.1185%* [ -.1239%* | -013860 | -.021933 | -.0138607 -.0219339| .008711| .007046
Ln Tr. Open (.01335) (.0134) (.01678) | (.0156) (.03590) | (.0192) (.01824)| (.0181)
—_ .0426*** .2002*+* .2002*** .066171*
Ln Oil Prices
(.0116) (.0296) (.0611) (.0352)
Constant 67.6935*** | 67.58*** | 60.37** 10.0836 60.3737| 10.083 92.24%** | T74.72***
(5.556) (5.539) | (15.863)| (16.477) | (57.290)| (52.367) | (7.985) | (9.043)
Observations 288 288 288 288 288 288 288 288
Wald test/ R 17247,2%* | 16618*** 0.7824 0.7869 0.7824 0.7869 0.7735 0.7952
difference in coefficiemist

Note: Estimator FGLSfor panel heteroskedastic with cross-sectional coroelatHausman Test:

Ho:

systematic, the statistic chi2(4) = (b-B)'[(V_b-V)"B1)](b-B)= 150.30, with Prob>chi2 =0.000, rejétd.

Table A.2. Comparison of Random effects (RE) edimnawithout and with oil prices -
specification #1

CSE CSE RSE RSE AR1 AR1
Random effect Random Random Random Random Random
Specification # 1 effect Effect Effect effect effect
Ln GVA -5.35%** -1.960 -5.37 -1.960 -8.44%** -7.132%**
(1.243) (1.301) (4.489) (4.101) (2.225) (2.142)
Ln GVAZ2 . 121 %= .04989** . 12163 .049891 1796%** .1533***
(.0245) (.0260) (.0874) (.0808) (.0441) (.0426)
.0991%** .057961 .099178 .057961 .11081** .098467*
Ln Cons. Energy
(. 0551) (. 0541) (. 0998) (.0917) (. 0574) (. 0569)
-.015609 -.023020 -.015609 -.023020 -.000838 -.001966
Ln Tr. Open (- 0166) (- 0157) (. 0355) (- 0214) (. 0189) (. 0188)
o .1688*** .1688*** .059116*
Ln QOil Prices
(. 0284) (. 0566) (. 0349)
Constant 61.09*** 20.9047 61.096 20.9047 101.7%* 85.45%**
(15.75) (15.29) (57.92) (52.49) (28.068) (26.95)
Observations 288 288 288 288 288 288
Wald test / R 0.7867 0.8097 0.7867 0.8097 0.7818 0.8076
difference in coefficiemist

Note: Estimator FGLSfor panel heteroskedastic with cross-sectional coroslatHausman Test:

Ho:

systematic, the statistic chi2(4) = (b-B)'[(V_b-V)"B1)](b-B)= 150.30, with Prob>chi2 =0.000, rejétd.
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Table A.3. Comparison of Fixed effects (FE) estioratwithout and with oil prices —
specification #2

CSE CSE RSE RSE AR1 AR1
FGLS FGLS Fixed Fixed Fixed Fixed Fixed Fixed
Specification # 2 effect effect effect effect effect effect
.299719** .28762*+* .124425** .090196 .124425** .090196 .049123 | ..0429701
Ln Cons. Ener (.0465) (.0468) (.0575) (0573) (0898) | (.0966) (0614) |  (.0617)
Ln Trade Open .019025 .0260784 . 052806***| .039686** . 052806*** .039686 . 021940 .0214035
: (.0257) (.0259) (.0194) (.0194) (.0391) (.0291) (.0201) (.0202)
Ln QOil Prices -.053142* .10848*** .10848** .0250975
(.0312) (.0321) (.0455) (.0340)
GVA sector 1 -.642011 -.781310** .876461* .939167** .876461* .939167 .627184-| .6516447
(.3330) (.3413) (. 5015) (0.492) (1.206) (1.250) (. 7297) (.723)
GVA sector 2 -4.537** -4.51205*** | -3.27619*** -2.7734* -3.27619*** | -2.77345 -3.36594*| --3.23480*
(1.142) (1.137) (1.215) (1.201) (2.096) (1.976) (1.897) (1.867)
GVA sector 3 5.41496*** 5.18839*** 6.18366*** 4.48946 6.18366*** | 4.48946 4.83517* 4.80428
(1.744) (1.740) (2.184) (2.200) (5.541) (4.848) (3.101) (3.064
GVA sector 4 -3.46091* -3.39410*** .097040 .620790 .097040 .620790 -.034633 -.023923
(.8028) (.799) (.9036) (0.899) (1.302) (1.160) (1.158) (1.148)
GVA sector 5 4.40562* 3.86583** | -6.63931*** -6.43367 -6.63931***| -6.43367 -5.592%* | -5.49654**
(1.239) (1.273) (1.605) (1.575) (4.075) (3.762) (2.307) (2.290)
GVA sector 6 1.08496 1.295724 2.60931%** 2.36501 2.60931** | 2.36501 2.54721* 2.42586
(1.069) (1.071) (. 0340) (1.017) (1.806) (1.765) (1.564) (1.557)
GVA sector 7 -8.3808*** -8.35937*** -7.27073 -.078032 -7.27073 -.078032 -.004182 .1520997
(2.387) (2.375) (2.925) (2.875) (5.680) (5.806) (3.890) (3.876)
GVAZ2sector 1 .020272*** .023083*** -. 018600 -.020484* -. 018600 | -.020484 -.014581| -.0151406
(.007) (.0078) (.0118) (.0116) (.0303) (.0314) (.0171) (.0170)
GVAZ2sector 2 -.105003 -.10068*** -.12272%** -.08775* -.12272%+* -.087756 -.095927| -.0953685
(.0360) (.0359) (.0448) (.0452) (.1132) (.0995) (.0633) (.0626)
2 .09763*** .096718*** -0.7172%* .061786** -0.7172%* .061786 0.73728* .070941*
GVAsector 3 (.0256) (.0255) (.0264) (0261) (0466) | (.0444) (0421) |  (.0414)
GVAZ2sector 4 .084239 .083290*** -.000539 -.012459 -.000539 -.012459 .0021335| .0018937
(.0181) (.0180) (.0200) (.0200) (.0287) (.0258) (.0261) (.0259)
GVAZ2sector 5 -.109485* -.098038*** | . 139327*** .13467*+* . 139327*** .134679 .11808** | .115948**
(.0273) (.0280) (.0350) (.0343) (.0909) (.0838) (.0504) (.0500)
GVAZsector 6 -.020609 | -.0244728| -.0552**| -0508* | -.0552** | -.050863| -.05321% -.050716
(.0240) (.0240) (. 0236) (.0232) (. 0415) (.0409) (. 0352) (.0351)
GVAZsector 7 .185844*** | 18558*** .024945 .009258 .024945 | .009258* | .0082867| .0047612
(.0496) (.0494) (.0612) (.060) (. 1203) (.123) (.0814) (.0811)
Constant 60.9970* | 67.993*** 1.83917 4.2522 1.83917 | 4.25228* | 5.472797| 2.596115
(21.97) (22.24) (31.48) (30.88) (74.13) (73.68) (15.24) (15.80)
Observations 288 288 288 288 288 288 288 288
Wald Test / R 4006.77 4050.06 0.8594 0.8723 0.8594 0.8723 0.8398 0.8729
Note: Estimator FGLSfor panel heteroskedastic with cross-sectional coroelatHausman Test: Ho: difference in coefficiemtst

systematic, the statistic chi2(4) = (b-B)'[(V_b-V)"B1)](b-B)= 150.30, with Prob>chi2 =0.000, rejétd.
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Table A.4. Comparison of Random effects (RE) edimnawithout and with oil prices -
specification #2

CSE CSE RSE RSE AR1 AR1
Specification # 2
L Cons. Ener 124425 | 28762 | .124425* | 28762 | .15776™* | .160483"*
: (.0575) (.0484) (0898) | (.1458) (.0530) (.0529)
_05280** | ..0260784 | .05280**| .0260784| .0178956| .0186777
Ln Trade Op (.0194) (.0268) (0391) | (.0234) (.02017) (.0203)
. ~053142" ~0531427 ~004119
Ln Oil Prices (.0322) (.0664) (.0332)
GVA sector 1 .876461* -.78131** .876461* | -.7813108 .346395 .3242329
(. 5015) (.3525) (1.206) | (.9124) (.5182) (..5115)
GVA sector 2 3.2761"* | -4.512"* | -3.2761* | -4.512* | -4.09978* | -4.09035*
(1.215) (1.174) (2.096) | (1.508) (1.636) (1.612)
GVA sector 3 6.18366** | 5.1883** | 6.18366** | 5.188395 | 3.764853|  3.81005
(2.184) (1.797) (5.541) | (4.194) (2.571 (2.550)
GVA sector 4 .097040 -3.39410* .097040 | -3.39410* -.159594 -.210275
(.9036) (.826) (1.302) | (2.008) (1.007) (.998)
GVA sector 5 -6.6393*** 3.8658*** -6.6393*** 3.86583* -2.553729 -2.51570
(1.605) (1.315) (4.075) | (2.255) (1.972) (1.965)
GVA sector 6 2.60031%* | 1.295724 | 2.60931**| 1.205724 | 1.9657*3 | 1.97071*
(. 0340) (1.106) (1.806) | (1.930) (1.128) (1.119)
GVA sector 7 -7.27073 -8.359*** -7.27073 -8.359379 -5.10025* -5.17173*
(2.925) (2.453) (5.680) | (5.946) (3.087) (3.069)
GVAZsector 1 -. 018600 .02308*** -. 018600 .0230832 -.005626 -.005056
(.0118) (.0080) (0303) | (.0199) (.0120) (.0119)
GVA? sector 2 12272 | -.1006"* | -.12272** | -.100683 | -.069908 | -.0708262
(.0448) (.0371) (1132) | (.0868) (.0526) (.0522)
GVAZsector 3 -0.7172%** .09671*** -0.7172%* .0967*** .088958** .088669**
(.0264) (.0263) (0466) | (.0337) (.0365) (.0360)
GVAZsector 4 -.000539 .08329*** -.000539 .083290* .0047559 .0059878
(.0200) (.0186) (0287) | (.0476) (.0228) (.0226)
CVAZsector 5 113932+ | -0980%* | .13932** | -098038* | 0472616 | 0463724
(.0350) (.0289) (0909) | (.0518) (.0433) (.0431)
GVAZsector 6 - .05524*** -.0244728 -.05524**| -.0244728 -.0409067* -.041008*
(0236) | (.0248) (_0415) | (.0450) (.0254) (.0252)
GVA?sector 7 024945 | .18558** | 024945 | .1855831 | .118797* | .1203457*
(. 0612) (.0510) (.1203) | (.1255) (.0646) (.0642)
Constant 1.83917 | 67.993* | 1.83917 | 67.9936* | 60.2622* | 60.7160*
(31.48) (22.974) (74.13) | (35.478) (29.72) (29.475)
Observations 288 288 288 288 288 288
Wald Test/ R 0.8594 0.9805 0.8594 | 0.9805 0.9083 0.9349

Note: Estimator FGLSfor panel heteroskedastic with cross-sectional coroelatHausman Test: Ho: difference in coefficiemtst
systematic, the statistic chi2(4) = (b-B)'[(V_b-V)B1)](b-B)= 150.30, with Prob>chi2 =0.000, rejétb.
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Highlights:

* Economic activity sectors diversification influences EKC hypothesis?

» Different degrees of environmental awareness are evidenced by sector.

» Trade openness reveals to have a significant and negative effect over emissions.

» Deterministic and stochastic convergence differences in sectors and countries.

* Relocation of pollution-intensive sectors to almost all of the OPEC countries needed.
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