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ABSTRACT
Master Thesis

MODELING CARBON MOXIDE AND SULFUR DIOXIDE EMISSIONS USING
DYNAMIC PANEL YECHNIQUES: EVIDENCE ON THE ENVIRONMENTAL
KUEZNETS CURVE (ERC)

Ebru YESILCAYIR

Yasar Universily
Gzraduate School of Social Mcienges
Department of Economics

This thesis Investigated the relationship betwesn per capila income and environmental
degradation at the global level, using annnal data on carbon dioxide (CO:) and sulfur dioxide
(80} emussions. The specific objective was to estimate the environmental Kuznets corve
(EEKC) for two indicators of envivommental guality and to establish whether the estimated
relationships conform to the inveried Us-shape and N-shape hyvpothesis. For the empircal
investigation, the first econometric model was constructed for carbon dioxide comssions asa
proxy for global wanmng and the second econometric model was constructed for sulfor
digxide emissions as a proxy for air pollution. Income, the square of income, the cube of
neome, energy efficiency. industy, coal and alternative (non-fossil) sources of electricity
production as well as two dilferent indexes of democracy were used as regressors in both
models. In this thesis, the first econometric madel was estimaled for 119 nations from 1990 to
2011, while the second econometric model was estimated {or 118 nations from 1990 to 2005
Both economepic models used the system Generalized Method of Moments (GMM)
estimator in order to grasp cumulative environmental quality changes. Fixed/random effects
cshimatlors which ar¢ commonly preferred in previous panel estimations of  static
envirommental Kuznets curve eguations were also reported. The empincal results showed that
the environmental Kuznets curve relationship differed depending on the type of the pollutants.
More specifically, global pollutants exhibited the U-shaped and the inverted N-shaped
environmental Kuznets curve, whereas local pollutants generally followed the “conventional”
environmental Kuznets curve. Thus, it was concluded that environmental policy should
consider the different characteristics of global and local pollutants,

Key Words: Air Pollotion, Global Wamming, Hobal Pollutants, Logal  Pollutants,
Environmenial Kuznets Curve



OLET
Yilkselk Lisans

KARBONDIOKSIT VE SULFUR DIOKSIT EMISYONLARINDY DINAMIK PANEL
TEKNIKLERI KULLANILARAK MODELLENMESH: (EVRESEL KUZNETS
EGRIsI (CKE) ORNEGI

Ebiu YESILCAYIR

Yasar [Iniversitosi
Susyal Bilimler Enstitiisii

Fkonomi Yiiksek Lisans Progeanm

Bu toz kirgsel duzeyde kg bagma disen gelir vo covresel borulma arasimdaks iliskivi willik
amag ¢evresel Kuzncts carisini (CKF) ki farkh gevresel kalite indikatéri icin {ahmin etmek
ve tahmin gdilen iliskinin ters U wve W hipotezlerivle uvumlu olup olmadifini oriaya
kovmakir, Bu ampirik arastinma kapsaminda, birinel ekonometrik model kiresel 1sinma icin
temsili alan karbondicksil emisyonlanm ve ikinel ekonomelnk model hava kirhhg cin
temnsili olan sallir dioksit ennisyonlanm bagimih de@isken. gelir. gelinn karesi, gehinin kiipi,
eneni venmlili&, endistn, kémir ve altematif (fosi! olmayan) kaynaklardan yapilan elekinlk
aretinm ve ki farkh demokrasi endeksim regresér olarak ele almaktadir, Bu tcrde. biring
ckonometmk moedel 1719 alke igim 1990-2011, iking ckonometnk model sz 118 dlke igin
1990-2005 dénemi igin tahrin edilmigtr, o ckonometrik model cogunlukla geemis statik
pevresel Kuenets edrisi panel lahmin denblemlennde tercth odilen sabitrassal etkiler
tahrmincisinin yvamsiea birtkmmus cevresel kaliles de@isikliklenni vakalamak amaoyla sistemn
genellestinlmis momentler yonlerm (GMY) lahmincisim de kuallaumstr. Bu ampink
sonuclara gore, cevresel Kuznels egnsi kirleticilerin ipime gore de@ismektedir. Daha belirgin
olarak,. kiresel kirlenciler L ve ters N gevresel Kusnets egnsmi serglemelkteditler. Diger
yandan yerel krleticiler genellikle “konvensivonel™ cevresel Kumets egrisimt 1zlemeltedir,
Dolayisivla. cevresel poltikamin farkh karakienstikteld koresel ve verel cmisvonlan géz
dntinde bulundurmasi gerektifl sooucuna varlmesii,

Anaghtar Stzciilder; Hava Kirhlign, Kiresel Ismma, Kiaresel Kirletaler, Yerel Kireticiler,
Cevresel Kurnets Egris
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INTRODUCTION

Global warming and air pollution are intrnsically Hnked and represent two of
the greatest environmental issucs of our tme €0z 13 the main cause of global
warming, which will soones (han laler appravate food shortages through increased
unprcdictabilily of precipttation, hunger and the alteration of water tesources, and
damage the infrastruchure In certan nations due o nsing sea-levels and shifting
weather patterns (Buehn & Farzanegan, 2013: 104; Nema et al.. 2012; 2330). 30+is
the main cause of air pollution, which severely affects human health, causes acid rain
damaging forests. lakes, buildings, cultural obiscts, and agricultural production. and
reduces visibility from light mist to dense gray smog (Berauer, 2009; 1358). Thus,
policy-planning and dedsion-malang, processes need to account more than ever for
covironmental pollution telated aspects due to their direct influence on life quality
and the cconomy. This requires a heavy burden for most govemments® budgets,
aceoumbing for the economic price of poor-quality air (Bushn & Farzanegan, 2013:

104},

Therelore, those 1ssucs have recelved growing attention and considered as one
of the most attractive empirical fopics of immensg interest among economists and
policymakers. To curb emissions, defing environmentally friendly econonyic growth
plans.and design proper policies, identifying the link between development. and
#lobal warming as well as air pollution has been great sistmificance. For mstance,
whother empineal fndings show a monotonously positive relationship among them,
it represents that air quality will continug to degrade with sconomic development,
Only when sconomic growth enters a stage of stagnation, the tendency toward poor-
guality air would slow, In contrast, if a non-monatonous and nonlinear corve link is
found ameng them. poot-quality air rmghl be reversible and air quality recoverahlz
(Wang el al., 2016: 1182-1183).



From a theoretical point of view, sastence of such 2 non-monotonous and
nonlinear curve (analogous to an mmverted U-shape curve) link belween income per
capita and global wanming indicators, namely carbon dioxide (C00) and wr quality
indicators, namely sulfur dioxide (807} has besn lermed as the “environmental
Kumets cutve” (EKC) hypothesis. This hvpothesis argucs that in the carly stages of
socweconomic development, environmental ¢quality degrades with the rise of gas
ernissions, however ag the coomomy continues orowing bevond a certain threshold
(the tuming pomt), that amissions londs o &1 and environmental quality improves,

forming an approximately inverted [-shape curve.

Validity of the EKC hypothesis in many previous stodies implies that the
development ve, envitorumental protection can be resalved (Wang et al., 2014 | 183),
The poliey implication of EKCs is that promoting economic growth are “sufficient
crilena”™ o prolect the covironment, In the long run, the suresl way 1o imprave the
emvitomment is to become wealth (Dinda, 2004: 4451 Howewer, thicre 18 by no moans
a unaninious consensus in the existing literature. In fact, a considerable amount of
separate conclusions has been reached in FKC studies, resulting from different data
samples, different estimation methods as well as across different pollution indicators
{Lict al, 2016 139)

There are several points that complicate a clear policy conclusion derived
from these studigs: Tirstiv, BEKC may be not valid for all types of enviranmental
degrudation. All pollutants do nel obey (fus cimpincal repularity. i€, the EEC
relationships are more hikely to hold for pollutants wath mere short-temm and local
effects rather than thoge with more global. indirect and long-term effects. Secondly,
EKC may be not valid both for individual nations and the World. Developed nations
arc oflen associaled with lower emission reductions. while developing narions have
not vet reached income lovels high cnough to be able to derive their turming poinls
fCanda, 2004 446} Thardly, many of the EKC studics are based on a ervss-section
nation basis rather than on a more dareful panel or dme-senes fTramework within

spocafic nations (Esteve & Tamarit, 201 2a: 2697),

[l



This thesis contributes to the lterature on BKC studies 1o Uree ways. First, it
uses OOz emissions as the main indicator for global wamming and SO emissions as
the main indicator for air pollution for a large sample of countries noa panel
frameworl. The reason that it is adopted these different type of emissions in this
thesis is twofold. The former, they ars the most frequently mentioned indicators lor
slobal warming and air pollution in both media and policy debales, Both CO: and
50z crdssions play & [ocal tole inthe correnl debate on environmental proleciion and
sustainable developmnent. ©0y cmissions are a by-product of cnctey, wioch as an
exsential factor in the waorld econormy, while 50 emissiony are a by-product of goods
production. Thus, it aims to compars the empirical results of air pollutants with maoreg
direct, short-term and local effects and greenhouse gases with more indirvect, long-
term and global effects. The latter. as various EKL zcenarios (ie the different slope
and form of the EKC) are found with respect to different substances; policics should
be designed and wmplemented based on the analysis of characteristics of each
individual comssion. In ather words, environmental and ccroy policies need to be
‘customized’ for cach substance, as a mixcd output of vamous national factors 1s
characterized by uncertainty and abruptness, rather to be standardized (Park & 1.ec,
200 1: 53847)

Second, this thesis tests the BEKC hypothesis using a systern GMBM (G M-
5Y5) estimator in order to fill the gap in the existing literature unexploring the shady
of dynamic EKC specification with lagged dependent variable, alons with a fixed
gitects and random effects mode! which are traditional rechniques commanly nsed m
provious panel ostimations of static EKC cqualions. In fact. there are two main
defects in wsing the static madel for cetimation, The Gzt defect 1 that estimations
based on these models may suffer from a potental endogeneity problem, zince
certain variables that affect C0> and S5 emissions may be omitted from the models
{due to data deficiency, there are usually certain variables (hal cannol be introduced
into a regression equation), and the possible bilateral causality betwoen dependent
and explanatory vanables may alse causc endogeneity. The endogeneity could lead

to biased estimates ol coefficients (Hao o al 2015947



The second defecl 15 that such models have strong dynamic characteristics,
since the dependent varlables, C0= and 50: cmissions, ave relaled nol only cmissions
calculated at vear ¢ bul also year 1. Thos, he estimalion tesulls may be more
reasonable iU thiese dynamie characlionstcs ate [ully constdered. In Uns repard, the
system GMM (GMM-8YS) estimator is valuable for analyzing the complexity of
EKC relationship becanse environmental quality evelves cumulatively over time
That is, the environmenta] guality of today is likely to be linked to that of yesterday,
rendering it appropriate to regard a dynamic EKC specification that inchudes lagged
dependent variable on the neht hand side. All in all, GMM-SYS is the suitable
approach in estimating a dynamic EKC specification as il can address the issues of
endopencily, holeroskedasticily, and autocorrelation within the involved vanables,
sinee the traditional fxedrandom effecls catmators would be inefficient and bias

when applied to dynamic panel models (Li et al, 2016: 139-140),

Third, besides the income related variable, which torned out lo be the most
wfluenbal variable, othgr non-mceome factors, parbicularly povemance factors arve
tested ag independent variables in order t mitipate the omitted variables biases in'the
garlier EKC studies. Hence, it is expected to be a direct measure of the quality of the
environmental protection function of the government (E1 Anshasy & Katsaiti, 2014;
27). Singe democracy indexes mirror vations govornance aspocts and may arguably
allecl coissons mn dillerenl ways, thus tus thesis anploys two different indexes that
il find guailable, Thus, this mulfivanate framework helps us to understand bath how
hese non-neome fctors contribute to emarommental degradation individually and

whether the EKC still survives after contralling for these relevant variables.

This thesis 15 orpanized as [Dllows. Scction | bricfly describes the factors
behind the envitonmental Kuznets curve with empirical evidence from the literature
and conceprual and methodological criticisms, Section 2 discusses the literature on
environmental quality indicators and presents theoretical considerations [ the
selection of causes and indicators. Section 3 explaing models, estimation methods
and dats sources used to test the EKC hypothesis. Section 4 presents the empirical

results and related discussions. The final section contains conchiding comiments.



CHAPTER |

ENVIRONBIENTAL KULNETS CURVE (WKL)

1.1, Global Emvironmental Degradation and KFaetors hchind  the

Environmental Kuznets Curve (EEKC)

Environmental degradation refers to & process through which the natural
environmant is compromiged in some way. reducing biological diversity and the
general health of the environment. This process can be entively natural in otigin. of it
can be accelerated by human activitiss ([lassan et al, 2015: 58} Peter Vitousek
{19894, a leading natlural seientst, emphasized the mporiance snd magmitiode of the
second [aclor, He arpued that humans did and always will “alter the structure and
function of Earth as a system”™ {(p. 1862). Dramatic examples abound, we are the
primary forces responsible for the observed warming ol the Earlh's atmosphere and
the associated ecological consequinces of climate changs as well as air polhation,
particularly over the last 50 years, we have transformed, degraded, and overexploited
the world's natural landscapes; and no area of the world’s ocean is unatfected by our
mtluence, vndermining the services and hiodiversity of its ecosystems (see Hig. 1)
(Jorgenson & Clark, 2011: 226).

Physical Climate Systam

Biogeochemical Cycles Poliutsna J

fireen Eadth System Scionos An Duerngw, NASA 1 GRE

Fig. 1. The “Bretherton Diagram” [Source: Palsson el al., 2013, p. 5]



Hrvironmental depradaton has been not a recent issue, it has been happening
all aver the world for centuries. It fiist began in 1285 A I} when the city of Londan
experienced air pollution problems from the burning of soft coal (Fisher & Peterson,
1976: 3), and accompanied by the bemnmng of the “Anthropoeene™ at around 1730
Ao Do, represenls the beginning of immense rises in human population add carben
cmigsions and altmosphetic C0: levels, the so-called “preat acceleration” (Foley etal
2013%; B3} In addilion, the curegnl problemis of environmnen! have multplied and
changed their character duning (he past decades:; o logal to global, fom distinet to
diffuse, from short time delay between cause and effect 1o long time delay and from
relatively low complexity to high complexity (Robert et al,, 1997, 793, lames Hansen
(2008). a leading U8, climatologist, argued that the “planet 15 dangerously near a
tipping point’ given the accunmlation of carbon dioxide in the atmosphere, As long
as we continue with “business-as-usual™; in lerms of 2 prowing cconomy predicated
on & carbon-based encrpy syslem, we may nol [ind emeugh time lor the envivomment

io recover and rogencrate isell (Jorpenson & Clark. 2009: 621).

The inescapable scientific conclusion is that we have been Hving on a
“dynamic planet”™ which presents many challenges. particularly in an era of global
warming when we are taxing the limits of ecosystem use in many paris of the world
(fiven that it is anthropogenic activity that is almost sursly the main cause of
environmental degradation, it is clear that we can no longer be considersd separale
from the natioral systems we inhabit,. ATl in all. the 215t century has been defined ac a
“period in man’s occupation of this planet”, There are two possible cases: Eitha we
continue with he presenl prowth scenanos predicated on g catbon-based epergy
gystem which have been central to human sconemic activity over the past 200 years,
and thus put future generations at severe nisk fom major environmental catastrophes,
some of which might be on a global scale, or we scale back our activities to achieve a
better balance with our life-support systein. the biosphere. There can be no doubt
aboul the magnitude of the challenge of achicving sustainability, a wav to lve in
hamony with the environment, howeyer L 1s a challenge that must be happened if
mankind wishes to occupy a dominant tole on this planet for the centuriss and even

millennia ahead {(Glasby, 2002: 342-343),



Worldwide degradation of environmental quality has made many feel
concerned about the issue and mounting public concem over environmental issucs
has stimulated efforts to mvestigale and understand maore dearly the determinants of
covironmenial degradation. Parfcularly, the linkage of environment wilh cconommc
growthidevelopment has been receiving increasing attention (Dinda et al | 2000: 405-
410}, Hven though the speed and scale of the tansformation of ecosystems is
unprecedented, the disparities in envivonmental degradation are uneven among
nafions. For instance, wealth nations put maore pressure on the global environment,
while poorer nalions disproportionately challenge with the effects and consequences
of degraded ccosystems (Jorpenson & Clark, 2009 621). In order (o respond these
guecstions, the environmenial Kuanets curve (EKC) is developed as a theototical
syllopism 10 order to explain why natdons diller rom cach olbar in the covivommental
degradation they challenge and why nations miglt change over ime in generating

environmental degradation (Dietz et al | 2012: 21

The basic logle of he EKC bullds on analyscs made by Simon Kuznets
{1955} reparding ceondrmic prowth and mneommc dispanty. He hypothesized that as an
seonomy grows om low meome or gross domestie product per capita [GRPPC) to
higher incomes or GDPPC, mcome disparity first mereasey, then reaches a turning
point and declings thersafter (Dietz et gl., 2002, 21} Ilis hypothesis encouraged
many economists to assume that fasl sconomic growth might generate, somowhat
autematically, a more equal income distrbubion (Kaika & Zervas, 2013h: 1409 One
unplication 12 thal a nalion can “grow 118 way oul’ of dispanly. In the mad-1990s,
several economists (Shafik and Bandvopadhway, 1992 Shafik, 1994, Selden and
Sang, 1994; Grossman and Kroeger, 1995 Stern, Common and Barbier, 1996)
suggested that the same logic as for the KC applies to environmental problems: as
national economies grow the environmental degradation they challenge incrcases al
first but eventually reaches a “tuming point” (TF} where from that peint on further
growth Teduces environmental degradation. Similar implication is that a nation can
“grow 1ts way out” of environmental degradation (Dhetz et al,, 2012: 21} the growth
process itsglf will solve any environmental problems generated in the sarlicr stages

of development.



These studies have laid the groundwork for mtensive litcrature on the EKC-
concept both on theoretical and empincal basis. The main task lor the subscquent
researchers is to find other than income possible dnyving forees hat tughl cause an
EKC-pattern. This allows us to deepen our understanding of the EKC-concept, how
envitonmental quality will evolve over time. There are zeveral factors that explain
this pattern, such a2, the equity of mcome distribution, the fear linked to the Timits of
srowth, intensity of use {Iol]) hypothesis, the concept of sustainable development
{SD), international trade, foreign dircel investment (FDM), the structural changss,
tzchnical progress, improvements m energy elficiency, snd consumers” preferences,
the instimtionzl framework and govemance. The significance of these factors might
explain sufficiently or partially a possible EKC -pattern (see Fig. 2) (Bo, 2011: 1324;
Dinda, 2004 43%: Kaika & Zervas, 201 3a: 1304-1400).

Huznots Curve Fomezn T
TriweasiTricen

/ Sfroutural
Changes

Fuity o locome
Liztributivn

Lants wy vl

/{

Frofimomucs

Yl Trehnolopcal
FProgrisg
ERC Lo, 2
Toll Thparthiesis AV Bnergy
/ Intensity |
Mugtainable \ onsuingr

Devclopment 7 /
lnfinanon: \\ il
Trade

lus

Chammd

Fig. 2. The Factors behind the Envirommental Kuznets Curve (EKC) [Souree: Own
glabotation based on Bo (2011), Dinda (2004} and Katka & Fervas (20133, 2013



The original Kuznets curve focuses on issues related to the effect of economic
growth on the distribution of income {Kaika & Zervas, 2013a: 1394), Kuznets (1955,
1963} hypothesized that economic development is fundamentally a sequential and
uneven process, In other words, instead of each citizen bengfiting at the same time,
the process appears to pull up certain groups Tiest and leave the other groups (o catch
up later. In the initial phase, disparity (inequality) widens. Later, as cach citizen
catches up, disparty falls, His syllogism implied that economic progress, measured
by per capita income, i3 initially accompanied by increasing disparity, but that these
disparities ulumately go away as the benetits of development permisate more widely,
In more formal terms, il we plot per capita income on the horizontal axis of an XY
charl and some measure of income disparity on the vertical axis. he suggests a plot
that looks like an upside-down U7 therefore the name "Kurnets curve”™ (KC) or

“inveried-1 hypothesis™ (Ray. 199%: 199-200). {See Fig. 3)
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The basic logic of the mvered-U Kuznets curve s rather intuihive: m the
early stages of indusinalizabon, a nalion’s economy has the labor foree pamanly
gngaged in agriculmre. However, as industialization locates, workers move fom the
larger apricultural sectoi to the smaller industial one and, gince wages are usually
higher in the industrial sector, this migration enhances forther incame disparity, As 3
resull of {lus process, income digtribution becomes more unegqual as income grows.
In addition, a2 the agricullural scolor shitinks and (he indusiey grows in size, furlher
fransfers from agmicullure to manelacluring decrease rather than ihercase income
disparity. In the same way, this logic can be applied when the economy shifts away
from industry towards services. It implies that how income disparity evolves depends
on the period of time under investigation (Mollick. 2012: 133-134). Fig 4 illustrates
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In the years since Kuznets hypothesized, more data have been collecled, and
his hypothesis has become a touchstone for research in (his arca as ceonomists have
attempted to prove, disprove, or caplain the [aclors behind the Kuengts curve (Well,
2009 375), Tor instance, Abluwalia (1976) udHzed a2 multiple regression to cstimate
the crosg-country relationships for dispanty, and found some support for Kursnets
onginal assumption that changes in the shuctare of production provide a mechanism
through which development affects disparity. Barro (2000) as well as Randolph and
Lott {1993} estimated the relationship between the Gini coefficient and the log of per
capita GDP and supported the shape of the Kusznels curve under some conditions
{(Kijimaetal..2010: [188-1189).

The economc history, however, has experienced with a substantial income
dispanity despite rapid income growth, Only few decades after the original Kuznets
study in 1955, it is recognized that rapid economic growth process decreased income
disparity in some nations, and thus some policy-makers have interpreted such results
as conveying an lmporianl message aboul priorilies. “Grow [rst, distibute later™.
Should a policy of rapid economic mowth is adopted: there i every likelihood that
{here will be substantial income disparity in the end. Kuznets (1955) suggested that
researchers studyving on income disparity should take into account both the historical
and the sociopolitical conditions of each nation; since sach nation {or cconormy) has
itz own parficularities or unigque characteristics that should be counted for and not
brvpassed (Kaika & Zervas, 2013b; 14097,
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Bdany researchers arvued that an BRO-pattern appears as a tesult of the
“eguily of moome distnhution™ The view is that the process of economic growth
generates 4 more equitable income distibution that improves the relative position of
the median agent (citizen) (Kaika & Fervas, 2013a: 1354-1395). A more equitable
income distribution mighil aflect a sociely’s environmental quality demand through
other routes. That 15, a change in income distnbution rmoghl bring in & new pallern of
consumer demand, sogial hammeny and public opimeon in Gvor of environmental
gualiby fmprovement. Wider literacy, greater political Hberty and avil lberdics might
facilitate a more equitable distribution of income and power, and thus generating

environmental improvement (Coondoo & Dinda, 2008: 375-376).

some scholars began o develop theorctical models 1o reveal the tole of an
unbalanced ineomme distnbubion on the cnvironment {Zhane & Zhao, 2014 3830, Thoe
plonecring sludy was published by Boyee (1994) who arpued that the inequality of
power and income might be a4 relevant determinat of environmental degradation,
which was examined empirically by Torras and Boyce (1998) ([leerink et al., 2001
3600, They argued that pollution was mitigated or generated depending on the gap of
power bebween agents who bear the burden of pollution against other agents who
benelit from pollution although the power of cach part is a lonetion of income
distribution. More specifically, if income disparity worsens as income increases, the
enviromment will keep degrading, and the opposite way, since agents who suffer
from pollution will not be ineconomic position o impese environmental regulations
on other agents who benefit from pollution. Thus, the demand for environmental
proteciion 15 determined by the improved participaton of the agents whoe bear the
burden of pollution that tesults from a more eguitable income distobution. better

information aceess as well as education (Kaka & Zervas, 20132 1395)
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Many researchers showed a sipnificant etfect of 1ncome equality on polluiion
mitigation i cortain naliong or regions (Kaika & Zervas, 2003a 1395) Magnani
{2000} [ound (hat income wequalily penerales 4 gap belween the nalion’s ability 10
pay [or environmental proteciion and a naton’ s willingness o payv. using OECD data
on public R&D expenditure for environmental protection. She concluded that the
downward sloping segment of the FKC appears in high-income nations if and only if
economic growth does not lead to a “large’ merease n meome inequality. Usmg a
sample of nations being af the last stage of economic development, Bimonte (2002)
investigated causal lnkages between inequality, hiteracy, infotmation accessibilily,
and emvivenmental quality. He foond that the participation of the agenls in the growih
progess depends on neome inegquality, infonnation access and education. and acts as
a shifter translating the EKC curve upward or downoward. This resull accounts for
why zonie nations that are at the same level of development have different levels of
environmental degradation. Also, Coondoo and Dinda (2008} indicated that inter-
counfry income ineguality hag a significant effect on the mean emission level and
mtet-countey incquality of emission level for most of the country-groups considered.
Maoreover, Cantore and Padillia (2010} found that the differences in GDP per capita
hetween rich and poor regons are significant causes of emission dismbotion among

natiens.

Oithers argued (hat the offect of ineome inequalily on environmental quality 15
ambiguous. Scroges (1998) guestoned the ¢lwms of Boyee {19947, and drew the
conclusion that inceme distmbution has nothing to do with enviconmental policy and
the relation between income inaquality and environmental quality should be reversed
when the income per capita aitains a threshold level, The results reinforced the view
hal assumptions aboul the structure of preferences and workings of social choice
instiiutions ignore complex inderactions which nflucnce the relationship bebween
equality and emaronmental degradation. In addition, Ravallion et al. (2000) found 2
recipracal relationship between income inequality and environmental quality and the
relationship would be weakened over the Jong-term, Moreover, Heerink et al. (2001)
goncluded hat (he unbalance in mcome distribution improves the environmenlal

guality {Zhang & Zhao, 2014: 3§3)

13



Many rescarchers pomled cul thal an EKC-pattern appears as a result of the
fransition from issucs conceming the depletion of natural resources inta curreni
issues coneerning cither the sustainability of economic growth or the necessily of
ceonomic growlh lo curb environmental degradation (Kaika & Zervas, 201 3a; 1393)
Before 1970, there was a view that the consumplion of raw matenals, energy and
natural resources grow almost ar the same rale 48 coonomy grows (Dinda, 2004;
433), However, in 1972, the report of the Club of Rome “the Limils to srowth™ (L)
estimated that economic growth has significant ¢nvironmental implications and the
future world would collapse because world economy would reach its physical himits
i tertns of nonrencwable resources, sgricultural production, and excessive pollution
In addition. some vital minerals {copper, gold, lead, mercury, natural gas, oil, silver,

tin, and zinc) could be exhausted before the end of thiz century {Tahvanen, 2000: 4)

A year after the publication of this report, oil prices rose about threefold aver
a very short time, and therefore the first oil crisis took place. This case raised a
gencral sense thal the world was entering a fitture of increasing scarcily of energy
and natural resources. This concern has prompted efforts to investipate whether an
SLOTNOIMY CA Taintain a positive consumption Tevel forever, piven that there is no
technical development and that the production of conunodilies is possible only by
using limited nonrenewable resowrces. As a resull, the concept of “sustainability™ and
two conflicting theotics have been laid the foundation. O one hand. cconomists
argucd that it i3 possible to maintain 2 positive consumption level forever only if
capital can be substituted for nonvenewable resources withoul techmeal difficulties.
In their view, if the substitation possibilitics are lirnited, future consumption per
capita must finally fall 12 zero, On the other hand, environmental economists argued
that substitution possibilities arc constrained by physical laws even if technological

change is continuous (Tahvonen. 2000: 4-63.
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Some yeais later, the erilies argued thal the LG model has several defects in
ferms ol both theorsteal and ¢mpirical grounds, The Grst, there wag nol 4 given tabo
belween coonormic growlh and pollubion, markel adjustments to supply and demand
would eventually lead to ponce changes and 1o necessary discovery of new resouvoes,
development of substimites and to technological changes. The second, the problem
was not the economic growth, but a lack of internalization of the external effects in
the price system. In general, the poorest nations tend to have the largest pollulion
problems. and the least resources to improve the environment (Brovoll & Medin,
2003; 28). The third, empincal studies showed (hat the vatio of consiwmption of some
metals (o ineome was declining and following an inverted L-shape in developed
ceonomics dunng the 1970s, which violated the basic tenets of LGy, This inwverted 1)-
shape reflected that the intensity of marerials-use slowed down bevond a threshold

level of income {Dinda, 2004: 433},

(One potential explanation for this phenomesnon was given by the “Intensity-
of-Use” {Iol) hypothesis, st comed by the International [ron and Stesl Association
{now World Steel Association), and then disseminated in Malenbaum (1973, 1978}
{(Wirell. 2014: 134), Consistent with the EKC, the basic logic of the lal revolves
around consumption of materials over different stages of economic developmmient. In
the infant slage, an cconomy 15 largely based om unimechamzed agmcultural sector
willl low malerial or metal use. In the next stage. the sconomy 15 industtialized and
the consumption of materals oses as the demand for basic mfrastuchre (roads,
railways, bulldings. bridges, factories. cities, pipelines, autemobiles, power grids)
rises. As development advances, the economy 15 gradually tansfotmed into a gervics
sector-based one. As the taste of consumer changes, they demand more senvice-basad
products, and therefore lower materials are used. Consequently, this trend reverses
the posilive link between material inlensity (M) and per capita GDP. In concluasion,
the theory indicates a unidirectional causality mnning from per capita GDP to MI
while an inverted U-shaped relationship exists between the two variables (Cleveland
& Ruth, 1998: 25 Jaunky. 2012 296-2071.
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Blany rescarchers [ound supporl Lor the Iol hypolbicsis [or dillerent motals
and dilferent nations. Amoneg (herm, Malenbaum {1977 was the frst researcher who
studicd (he Iol). He constructed an M mmdex i terme of welght consumned per umit in
tons pex real GDP in constant 1971 TS dollars. Concerng the metal intensity wend
fior 10) world regions and for 12 metals and minerals ares over the period 1530-1975,
he concluded to the existence of a bell-shaped trend (Jaurky, 2012: 287}, The resulls
reflected that “man’s skill, knowledge, and aspirations™ have effectively decoupled
gconamic growth from growth in raw materials use: Larson and colleagues (1986) as
well ag Williains and colleagues {1987) bulll on thus carly study in their amalysis of
malerials wse in the United Stales that concluded 1 their proposal thal the “era of
matarlals’ was over Larson and colleagues caleulated (he intensity use (1L} {(weight
por dollar GNP} [or three ‘traditional” malenals {sisel. cement, papery and four
‘modem’ materals (alumimom, chlorine, ammonia, ethylene). Their visual inspection
of the IU data as 3 function of per capita (iNP exhibited the inverse U shape, with (he
IL) of even the ‘modem” materials docreasing as a function of income (Cleveland &
Ruth, 1998; 25), Concerning the link between MI and per capita GDP for 30 least
developed nations over the period 1977-1987, Lahom and ‘Tilton {1993) confinmed
the Lol hvpothests (Jaunky, 2012: 297).

Some researchers arcued that the empirical rescarch shows not only the
cxistence of an EKC for individual nations. bul alse that differences in the IL) of an
individual material among nations are oxplained by differences in their stave of
geonomie development Bemardin and Galli (1993 suggested that nations complete
development in snccessive periods at about the same level of per capila GDP and that
the U of a given material falls the Tater in time each nation completes development
(Cleveland & Ruth, | 998: 25). Using stee] consumption and GDP data for 61 nations
over 42 years, Warall {(2014) showed thai the Iol7 hypothesis held for the middle
ncome groups, implying that the nations in this income group expenenced the move
from an industrialization phase towards a more service based economy in (he time
period examined. Guzman cr al, {2005) showed that rising per capita income raised
the intensity of copper use in Japan over the entire period examined, but further
advances would tend to reduce the intensity of copper use due to new-copper saving

technologies and other time related vanables,
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Orthers researchers argued thal il is dillicull to interpeet the empirical lindings
of the studies investipating Ioll hypothesis. Using a dalabase on 1olal malerials use i
the US, Rogich (1993) emploved regression analyeis o compare the T of paper,
wood, metals, and plastics maasured in welght and volume tooms 0 per capila GNP
from 1970 to 1989, The regression line fitted to the weight-based U data had a
negative slope, but at the same time that fitted to the volume-based IU hiad a positive
slope. Nevertheless. no information was given to show whether the resulis satisfy
any standard ciiteria for statistical significance, Since; the low R-squared statistics
were nol ‘salisfactory’. If these resulis wore sipnificant, they would confinn that the
LIS was shifoing its preferences to lower density matenals but that the consumphion
of matenials was not decreasing sz he standard of lving tmproved (Cleveland &
Ruth, 1998: 26},

In order to measure the effect that stractural economic change has had on the
covironment since the 1970s, Tanicke and colleagues (1989 developed an “index of
structural environmental 1mpacts’. They used four indicalors “whoss direcl andfor
indirect environmental significance 15 indisputable’, 1e., the consumption (weight) of
steel, energy, cement, and the weight of freight transport by road and rail, proxy for
‘volume aspect of production’. They calculated per capita consumption of each
indicator, and then caleulated he deviation Gom the miean for each, summmed the
deviations for ull indicators, and Anally divided by Lour {the oumber of indicators)
Ag aresalt, the four fuctors were weighted equally. They used repression analysis to
compare the index to per capita GDP in 31 industrial nations in 1970 and 1985, The
regression line fitted to the cross-sectional data in both vears had a positive slope,
cven though the slope far the 1985 data was less steep. No information was given to
show whether the resulls satisly any standard criteria for staustical significance.
They drew the conclusion that a substantial ‘delinking’ appeared between malerial
inputs and economic mowth, However, some esastern European nations experienced
increasing 11, while Japan and Norway experienced overall ecinemic growth that

‘canceled” the improvements in the material IU (Cleveland & Ruth, 1998: 26-27),
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Janicke and colleagues (1597} expanded their index to involve more metals,
some minerals, petroloum products, and agricultural chemicals. They compared this
index to per capita GDP in 32 nations in 1970 and 1991, They found evidence that
I penerally falls with dsing income for same materials {cement) but rises for others
{paper). They concluded that a general decline in materials and pollulion-intensive
industrics “has not so far become evident in the advanced mndusirial countries™. In
countrv-specific stadies, Janicke and colleagues [ound that data for the TUS provide
only “parfial confirmation’ of dematerialization, such as steel. aluminum, and cement

declined relative o GDE, while paper increased (Cleveland & Ruth, 1998: 27).

Some researchers ¢laimed thal the link betwsen income and environmental
degradation in terms of derived materials inputs and pollution levels may lake an -
shape rather than an inverted U-shape, exlibiting a ‘delinking’ ol environmental
degradation from economic growth in relation to rising per capila incomes. Since
delinking may not be persistent; some advanced economiss may be entering 3 new
perod of “relinking” Thai 1s. the relationship between environmental degradation
and welfare in the medium long term may be W-shaped rather than inverted U-shaped
(de Broyn & Opschoor, 1597: 255). De Bruyn and Opschoor (1997) questioned the
empirical results of Jamcke and colleagues (1997) aboul lotig-un economic changes
whuch is based on two time periods (1970 and 1985) only. At the same time, they
arpued that Ténicke and colleagues did not separate between the effects of changes in
material mtensity and changes in aggregate economic growth on the demand for
materials. They repeated Janicke and colleagues™ analyvsis with data over the pericd
1966-1940 for 19 nations. They concluded that most nations exlabited “delinking’
fiom 1966 to 1984, while some developed nations exhibited ‘relinking’ in the late
1980s {experienced increasing energy and material intensity as a function of GDP),
Their cmpirical findings suggested the existence of an N-shaped pattemn rather than

an inverted L-shaped relationship (Cleveland & Ruthy, 1993: 27; Taunky, 2012 297),
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Guzman et al. (2005) concluded that there are two main reasons why iritensity
ol metal use chanpes ovar tme. The former, new production technologies, long-run
prce trends, and other Gorees can aller (he material composition of products, which 15
the mix of metals and other materials used o produce specific goods and services,
i.e, the development of fiber optics has declined the copper used by the modern
telecommunications industry per unit of outpur. The latter, changes in consumer
preferences can alter the product composition of income, which 15 the mixed of goods
and services produced by the economy, i.e, the nse in the service sector at the
expense of manulactunng in many developed nations has reduced the intensity of use
for coppear and other metals. The product composition of income for a nation evalves
with eeonomic development as 4 conscguencs of shills in comparative advaniage and
changes n e nature of imports and exporis; 1e., al catly slape ol indusirializalion,
nations with open economiss tend o export traditional manufactured products, which
are metal intensive, import services and higher technology products. Ay sconomic
development advances and per capita income rises, a shift in the opposite direction

often takes place.

Many researchers argued that the debate over the environmental Kuoznets
curve might appear as a result of the “path 1o sustamability™, as the way (o live n
harmony with the environment. The question of how to achieve this harmony has
long been cxamined in (he Hierature. For instance, Beckerman (1992) suggested that
‘1 the end the best and probably the only-way Lo altain a decenl environmel 11 mmost
couninies is 10 become rich’ Also, Barsil (1994) arpued thal "existing envitomnental
regulation, by reucing economic growth, may actually be reducing environmental
quality” (Andreom & Tevinson, 2001 270}, Moreover, Panavotou {1993} concluded
thal econamic growth appears to be a powerful way for improving environmental
quality i developing nations. Thal 18, enviromment needs no parncular consideration,
gither in terms of domestic envirommertal policy or international pressure andor
assistance; this is hecause resources could be efficiently allocated in order to achieve
rapid economic growth to move guickly from the environmentally unfavorable stage

of development to the environmentally favorable range of the Kuznets curve,
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There has been a wide consensus that the relationships among inputs, outprts
as well as the overall effects of economic activity on the environment have been
continually changitig. The basic thought is that greater economic activity inevitably
huris the environmen! i based on static assumptions about technology, preferences,
tastes and envivonmenta! investnents, That 1s to say, as population and income
increass, a growing economy will require mors wpuls (hereby deplaling the earll’s
sources ') and wall produce more emissions and wasles {lhereby overburdening the
parth’s “sinks"). As thescale of the econome sctivily mereases. (he earth’s “carmying
capacity” will be surpassed. However, there are several factors that tend 1o reduce
etvironmental degradation per unit of activity can more than compensate for any

nesalive consequences of the averall growth 1n scale (World Banle, 1592, p, 38);

e Structire: the goods and sarvices produced in the ceonomy

e Efffciesncy: inputs used per umt oF output m the cconomy

= Substitution; the ability o substitote away from resources that are
becoming scarce

= (lean fechnologies and management praceices: He ability o reduce

environmental damage per unit of input or cutput,

In line with this, the concept of “sustainable development™ (ST} replaced the
concept of “Lamits to Growth™ (L'TG) i the garly 19702 The concepl was mdesd
introduced in (480, but popularized in the 1987 report of the World Commission on
Covironment and Development (the Brundtland Commission), and finally given a
glabal mission status by the UN Conference on Environment and Development in
Rio de Janeiro in 1992 (Dincer & Rosen, 2004: 4). Sustainability is “to fulfill “the
needs of the present without compromising the ability of the futre to meel its own
needs™ m A gyslem”. Since mankind’y dominance of the planel, it hay become a
fashionable word among the scientists, resgarchers, scholars, authors and the geneval
public. Thus, the concept has turned into a broad area including different lavels of
human activities and knowledge regarding three major principles of “Environment™,
“Beonomy'’, and “Sodaety” (see Fip. 5) (Vadiat & Kashkooli, 2011, 829-830)

20



SUSTAINABLE DEVELOPMENTS

Fig. 5. The Building Blocks of Sustamuble Development [Source: Vadiat &
Kashikooli, 2011, p. 830].

Some researchers arguad that sustainable development is indeed a necessarily
political act. provides the conservation aboul what kind of world we wanl 10 live in
loday and in the foture, rather than a sct of future conditions of society or a process
of moving toward some predetermined way of thinking (Bolis et al., 2014 7-8).
Others argued thal m the 29 years since 1 was mtroduced, thig concepl has been
weakened and misinterpreted (Lorek & Spangenberg, 2014: 34), Statistical evidence
has shown that: we did not manage to reach a [easble compromise between the two
conlrasling objeciives, preserving the cuisting coosyaicms and mecling the ceononie
needs. While we are growingly demands for a truly sustainable society, our lifestyles
ars growingly more unsustainable. We will nol Teave the world better than we find 1t
wa do nol respeet the planctary boundarics, we take more than we need, we bharm the
chviromment, we do not make amends; unless we act very soon, it will he too late w0

shut down or reverse some of the key mihealors ineloded m the ¢ovirenmcntal cnsis,
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Many rescarchers argucd that an EKC-pallern mightl appear as a resull of
“laternational trade”. The contral view 13 thal rade openmess [osters (he cxpansion of
an ceonemy through increased production of pollubon-intensive goods 1o promotes its
cxports, bul at the sume Ame higher production generates more pollution As income
and environmental degradation grow heavily, nore severe environmental regulations
are imposed on the economy which results in a shift of its domestic production of
pollation-intensive goods to other, That 1s, the exports of goods in a developed nation
create the upward slope of its EKC, whereas its imports of goods from developing
nattons crcate Lhe downward slops of 1ls EKC. This is known as the pollulion haven
hypothesis’ (PHH) (Katka & Zervag, 20132 1395)

Many researchers found a significant effect of international trade on poliution
levels. Suri and Chapman (1998) reported that the inclusion of trade effects raises
largely the turning point for pollutant emissions related to energy use. Industrializing
nations raise the consumption of energy required for the production of soods that ac
exported to industnalized nations, while mdustrialized nations lower their energy
reguitements due to impats of manufactived goods from the industrializing nations.
Lising data on North-South trade flows for pollution intensive products, Cole (2004)
found an evidence of pollution haven effects. but such effects are relatively small
compared o the toles played other explanalory vanables i the repression. Also, a
tajorily of researchers Found an evidenee that there are significant differences n
raded poods between developing and developed nadons (Kaika & Zervas, 2013a
139%). Industnablization process in the developing nations depends to a considerable
extent on the activities of small and medivm-scale enterprises (SMFEs), which tend Lo
be concentrated in the most environmentally damaging activities (chemcals, texliles,
leather and fur products, food processing, non-lerrous metal work, charcoal and fuel
wood supplyl, and lend 1o depend on older technolopics (1., difficult to regulate and
face fewer incentives not to pollute) (Perrings & Ansuategi, 2000: 23-24). For
example, highly polluting industries are typical of the poorest states in USA, while
high-income states are orientad towards services and high-tech indusirics. This (rade-
specialization between these states explains the variations in their crmissions (Kaika
& Zervas, 2013a 1395)



(thers argued that the effect of international trade on environmental quality is
ambiguons, Using data on seven oft-studied pollutants, Kearsley and Riddel (2010}
did not find sufficient evidence that pollution havens play an bmporiant tole in
shaping the FKC. Actually, trade contribuled 1o mercased cmissions al & decrcasing
rale 4z meome mereased, bot only over cerain periods of Gme Or altematively,
pollutdon havens might have a transient effect on environmental degradation similar
to the effect of low-wage havens on the pattemn of comparative advantage (Kaika &
Zervas, 2013a: 1393) Using LS trade data fiom 1258 to 1994 to study trends in dirty
and clean trade, Kahn (2003) found no evidence thal dirly (pollulion-inlensive) (rade
increased. But, one piece of evidence thal confirmed the pollution haven hypothesis
iz that the average Aftican nalion is exporling cnetoy miensive goods 1o the US. In
the Southern Afiica Customs Union (SACU) case, Nahman and Antrobus (2005)
detceled FHH consistent behavior in the leather ndusty for the USA-SACH made
parr and n the wood as wsll as chemicals industnes for the UK-5SACLU trade pair
throughout the period investgated However, there might be a mare general shift in
manufacturing from the developed to the developing nations, rather than a shift only
in pollution-intensive indusirics as the PHH would scem o mmply. In the European
Union (EU} ¢ase, Caye and Blomguist (2008) poinled oot mixed resulls depending
on the delmition of industry dirtiness: trmports of energy-intensive poods Tom poorer
natons scem to rise when more stnngent environmentsl standards ave adopted in the

ELI but this is not the case with respect to toxic-intensive imports.

Many authors atgued thal an EKC-paltern might appear as a resull o “Toreign
direct investment”™ (FDI) (Bo, 2011: 1324). The basic thought 15 that foreign divect
mvestmenl (FDI) mflows are generally expected to promote host nations™ cconomic
growth by rising capital accunmalation and productivity, which in men explaing, not
unexpectedly. why many developing nations are eager to attract more FDL Despile
s potential contributions 1o economic growth, the nise 1n the FB inflows leads to a
dcbale on its potential effects on the environmental quality, envirommental standards
as well as cross-border environmental performance. Therefore, two opposits views
appear regarding the nexus between FDI and the covironment “Pollution Haven
Hypothesis™ (PHH} and the “Pollution Halo Hypothesis™ (Pazenza, 2015: 55-56;
Scket et all, 2013 347-348).
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Some ressarchers confitmed the pollution haven hvpothesis {PHH)Y. They
arcued that different environmental regulations among nations affect the locaton
decisions of the firms or industries. As a result, multinational comparies (MNCs),
mostly in pollution-intensive industries, tend to migrate from developed sconomies
o devaloping ongs where the mvironmenial standards are less sringent {Scker of al..
2015 348). This strategy might degrade (he environmenl in the host nation 1 the
1ssuc 15 ool laken serously (Kdvyire & Asmunen, 2014 596). Jonsen (1998) and
Acharyya (2009) foond that although FDI contributed (o beller coonemic grow(y, 1l
generated more industrial pollution as well as environmental degradation. In order to
reduce cost on environmental controls, pothuting industries and businesses might tend
to be shifted to underdeveloped regions where environmental standards are relatively
love, and turn these regions into pollution slums (Lan etal |, 2004: 491}, Wang (2012}
and Colg and Elliod (2003) found that FDI had a posilive cffect on CO2 emissions
where pollulton-intensive indusirics wore more lkely lo move ot developed (o less
developed economicg bécause the ervironmental rules and repuladons it the legs

developed coonomies were telatively weak (Tang & Tan, 2015: 4471,

Other researchers confirmed the pollution halo hypothesis. They focused on
ciivircinnenial perlormance of [ovcien fivms relalive o domestic counterparts, rather
than industoy location. As a result, the presence of foreign investors would spur
positive environmental spill-overs to the host nation; this is because multinational
companies (MNCE) have more environmental management systemns and advanced
technology than their domestic counterparts and will tend to disseminate cleaner
teckmology that will be less hammful W the enyvirormoent (Kivyiro & Arminen, 2014:
596; Seker et al | 2015: 348). List and Co {2000); Mielnik and Goldemberz (2002),
and Perking and ~eamaver (2008} concluded that the mflow of FDI simuated an
improvement in environmental quality due to the enhancement of energy efficiency
(Lav ¢t al.,, 2014: 491), Al-mulali and Tang {20/ 2) found that FDI reduced ihe level
of pollution by bonging 10 advanced and cnviremnental fiendly technolopics from

developed to less developed econormies (Tang, & Tan, 2015: 447,
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Contrary to all empirical smdies, the effect of foreign direct investment (FDI)
on environmental quality is uncertain, Shahbaz el al. (2013} found that the ampirieal
findings were sensifive to different income groups and repional analyses. In the high-
income panel, the lingar and nonlinear (erms of FDI were negatively Hoked to CO»
grmissions, which supported the polflution halo hypothesiz. In the middie-income
panel, the linear and nonlinear terms of F2I had oppesite signs with statistical
significance al 5% =nd 10% level, respectively. It implied that FD initially degraded
the environment but then improved environmental quality after a certain level, In the
low-inconie panel, FDT and environmental degradalion were found Lo be positively
related, as indicated by both the linear and nonlincar (crms of FDL In the case of six
Sub Saharan African nations. Kivyire and Armunen (2014) found that EKC -pattemn
was maore likelv fo hold at nations having low levels of economic development. Also,
FDI appeated o inerease CO: emissions in Kenya and Zimbabiwe (which supporied
he pollution haven hypothesis), whereas the opposite effect can be observed in DRC
and South Afnea {which supportad the halo effect hvpothesis), They concluded that
the differences in the nation vesnlts might be attributed to the economic structures of

each economy, Fig. 6 indicates the conllicting dynamics of the EKC anve.
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Many researchers supported that three fundamental driving [orces of an EKC-
pattern are “scale effect™, “composition effecl™ and “lechnique ellfect”. In the infant
stages of development, pollution is generated as a result of increasing production and
extraction of natural resources. This is kniown as \he seale effect of production on
cnvironment. The scale effect creates the upward trend of an TKC when production
shafts from pomuary production to industrial production. At this stage. economic
development gmives the oppormunity of investing in information-based industry and
semvices as well as improving prodoction technigues or adopting vpgraded new and
cleaner technology, These are known as \he composition effect and technique effect

respectively (Kaika & Zervas, 2013a: 1395-1396).

The composition effect (structural change) reflects any shifts in production
pattems from the more matenal and energye-intensive mamufacturing sector towards
the assumingly mare environmentally-friendly services sector. Usually, pollution is
penerated as the composition of production shifts from light indusity {agdculture o
textile) to heavy induslry {mincrals, chemical, machinery, ete.), and subsequently,
shifts towards information-based industnes and services which are characterized as
less-polluting, or any other qualitative reformation of the economic structure (Kaika
& Zervas, 2013a: 1396).

The technique effcet (technical progress) reflects improvements in technalogy
that encourage the usc of less mnputs per unit of output or the adoption of upgraded
new and cleaner technologies that substiture the obsolete and dirtier technologics in
the production of goods. Also, the development of cleancr lechriques is promoted by
mvestments in environmental RED for which, a sufficient level of economic growth
15 requited (Kaika & Zervas, 2013a; 1396), In conclusion, the shape of the EKC
reflects that the nepatve impact on emvironment of the scale effeqt that tends Lo
dormitiate 1n the infant stages of development. but it will eventually be outweighed by
positive impact of the composition and technique effects (hat lend o lower the

emission level (Dinda, 2004: 435-436), Fig. 7 indicates these effects on EKC-patten.
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Some ressarchers argued (hal advances 1 lechnology over time seem to be
the major faclor of improved covironmental guality (Kaika & Zervas, 201 3a: 1396).
Using data on three types of emissions (COa, NO,, 802} in four nations (Netherlands,
UK, LS, Western Germany), De Bruyn &t al. (1998) found that emissions may have
decreased over time prohably as a result of structtal and teehnological changes and
not as a result of economic growth. Dinda ¢t al. {2000) concluded that observed
changes in pellution levels over time or across vegion can be attributed to shifis in
production lechnigues and to sectoral-output composition with respect to SPM and
502 Coneerning industrial water pollution, Hettige er gl, (2000) vsed as cxplanatory
vartables the share of industry in total output, the share of polluting scclots n
industnal output and “the end-of-pipe” pallution intensilies per unil of cuiput n the
polhating sectors, They found thal only (he industry share of national cutpur follows 2

Bauzncts-typo rajeciory.
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Others argued that structwral and technological changes have a transient effect
on pallation mitigation. Grossman and Krueger (1995) found that improvemenis in
indicators of whban air quality might result from technological innovation, but (his
resull reflects specific technological, political and economic condilions of (he time
under investigation. Dinda (2010) found that an EKC-curve might reflect the cycle of
diffusion-extemality generation-innovation of sach new technology in the short-mun,
and that nonlinesr EKC envelopes a series of EKCs comesponding to different and
subsequent technologies in the longran (Kaika & Zervas, 2013a: 1396). Smulders
and Bretschger (2000} used as three key variables technological change, intcrsccloral
shifts and policy changes. They indicated that the govemment forees companics Lo
use innovative technology (general purpose technologies, GPT) to reduce pollution
under the environmental pressurcs, The arvival of imnovalive lechnologics would
generate changes within the departrment structure, which was known as “inlersectoral
shifls’. But, many companies would be reluctant to use clean GI'T and keep polhating
AT, therefore affect the quality of the emvironment While the arrival of innovative
technology is expensive. slow diffusion as well as high uncertainty, a technological
breakthrough i highly uncertain and arrives, il ever, unczpestedly (Yin of al., 2015
99,

Many vesearchers have investigated the significant effect of technology and
structural changes on both COzand SOs emissions over time, The key [actor of their
studies 15 the evolution of “energy intensity™ over time and particularly the shifis in
cncrgy mix and in convarsion clliciency (Kaika & Zorvas, 2013a: 1396} Energy
intensity (E1} 1s referred to “the energy needed to produce one unit of gross domestic
product, is generally expressed as the ratio between primary energy consumption
{e.¢ tons of oil equivalent or MJ of Gross Energy Reguirement) and the GDP {e.g.
intemational — pwchasing power parity — real dollars)™ (Fierite, 2013, p. 466), In
particular, this concepl was seen as a crucial maiter after the ol cnses in the 18705
that led to a general concem about eperey conservation. "Tns, the stuctore of the
oil-depended economies had to be wansformed with the adoption of upgraded new
technigues that would lower the energy-intensity per unit of output as well ag the
reinforecinent of the scarvice sector thal 18 based on a hiphter productve stucturs
{Kaika & Zcrvas, 2013a: 1396).



There are two main reasons to performeenergy EKO studies. The first reason
is the link between energy comsumption and economic growth; more specifically,
higher economic growth reflects hicher energy consumption, directly associated with
the “biophysical constraints” (Zilio & Recalde, 2011: 7943) or ‘hmiting factor” to
cconormic growth. On one hand, enorgy 18 a vital and necessary input along with
other factors of production. Thus. cncrgy 18 3 necessary fequitcment lor cconomic
and social development (Chontanawal el al., 2008: 210). On the other hand, chetpy
supply imposes boundaries 1o economic growlh as a regult of the role of enarpy in the
production process, the no reproducibility of energy tesources, boundaries to within
substifution, and limits to the substitution of other factors of production by energy.
This case generated an extensive mumber of smdies to evaluate empirical evidence
testing Granger causality and cointegration madels, which still have not provided

clear autcomes (Zilio & Recalde, 201 1: 75433,

The second, and probably the most powerlul reason 18 the lnk between
energy consumption and envirpnmental polhution (Zilio & Recalde, 2011; 7943),
According to Furopean Environment Agency (2015), the most significant sectoral
souice of SO. emissions was energy production and distribution (58% of total
crassions), [ollowed by enussions occurring from energy use in industry (%220 and
in the commercial, institutional and households (15%) sector. According to Joint
Research Centre (2013), energy-intensive activities are of the highest relevance for
{03 emission trends, and fossil-fuel combustion accounts for 90% of total COs
emissions, excluding those from deforestation and other land uses. Power generation
remains the most imporiand scotor willh respect o feesi] fuel consumpton, thus the

power seclor’s cholee to use fossil fual 1s of the ubmost unporlanse.
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Fany researchers have dealt with the evolution of cnerpy inlensily over fime:
Agras and Chapman (1997 1900% analvezed previcus models o show the fmporlance
of prices in these models and then included prices in an econometnic EKC framework
testing enargyincome and COfincome relationships. These longrun pricgineoms
models showed thal income is no Tonger the most relevant indicator of envirenmental
qualily or encrey domand. The researchers found no significant evidence for the
caistence of an EKC within the tange of current incomes for energy in the presence
of price and trade variables. Yang ct al. (2016) [ound that the energy price index has
the lsast mnpact on energy intensity. They asserted that policy measures aimed af
both despening the energy price reforms and decreasing price distorfions cun be
appropriate for contimzonsly improving energy efficiency, prevemting the rise in
energy consumption as well as energy intensity Stemn (2004) concluded that energy
intensity per unit of oulput has fallen over time due to a shif from the direct use of
fossil fucls to the use of higher quality fuels and electricity. Such changes in fugl-mix

arc associaled with technological mnovations (Kalka & Zervas, 201 3a. 1397,

Some researchers argued that changes in energy intensity are not common in
all nations (Kaika & Zervas, 2013a: | 39?}_, Hamilton and Turton (2002) showed that
the Jarge fall in the energy intensity of ORCD economies over the period 1982-1997
has been driven primarily by falling energy intensities in the services and industry
sectors of the USA and the services sector of the EU. but these have been offset
somewhat by nising energy intensity of senvices in Japan. Mielnik and Goldemberg
(2000) visually inspected the intensity paths of 41 nations over 19711992, and found
thal their 18 developed nalions were on a decreasing trajectory, but that their 23
developing nalions were followmg an increasing bajectory (Liddle, 2010: 3218)
Liddle (2010} concluded that [our main [Betors explain encrey milensily differences
across nations: Arstly, econommic structurg (the share of cnergy-inlensive industries In
total economic output); secondly. sectoral composition of energy use (the relative
shares of different end-uses including industry, buildings, and wansport); thirdly, fusl

rmux, and Onally, efficiency in the conversion and end-use of energy,
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(ither researchers used a number of measures, primanly developed in the
coonomic erowth literature, to determine whether nations® energy mntenuly levels are
converging (cross-country differences are declining) at both the world and regional
levels. 8mil (2003} showed that large inter-country differences in energy intensity
tend to expire when output 1s measured on a purchasing-powar-parily basis (Fiorits,
2013 466) Markandaya et al. {2008} used an cconorme growth-lype converpencs
equation, and found that from 1992 to 2002 the mmerey mtensity of several transition
nations of Bastern Burope converged toward the levels of the European Undon (EL)
average, Miketa and Mulder (2005) examined energy-productivity convergence {(the
inverse of energy intensity) across 36 developed and developing nations in 10
manufacturing sectors, and found that differences across nations tended to decline,
particularly in less energy-intensive sectors. Also, Liddle (2009) examined eleciricity
intensity 10 OECD nations al vanous levels of scelotral agprepation and discovered
that commercial electrioty imensity 15 convargng loward a bell-shaped distmbution,
while industry alectoelty intensity 1s converging loward a bimodal one. The OECD
nations converging toward the higher level of industry elecmoity intensity are more
concentrated in the most energy-intensive sub-sectors (minerals, mining, pulp and
paper), while the 12 nations converging toward the lower Tevel of industry electricity

inlensily reflect substantial heteropencity inindusinal structure (Liddle, 2010: 3218).

some rescarchers dealt with the rmicrosconomic implications of “consumer
preferences” as a partial explanation of an EKC-pattern, The most commen gquestion
for the shape of the EKC-pattern is how the consumer's preferences with respect to
envitommental quality shift when their income changes. That is, ¢hanges in income
alter the elasticity of demand for emvivommental quality p which is represented

(AEYH  AEY i " :
= ﬁ = where £ is the quantity of environmental good demanded and
bl 5

as: 1
¥ is income Hence, the income elasticity of demand for envirommental quality 7 i3
the change in the demanded quantity of environmental quality with respect (0 2
change in meome. I > 1. then £ 18 a "luxun cood” and. ifp < 1, £ 18 2 “normal
good”. Although 11 is difficull 1o measure &, most rescarchers assumied that # > 1
freating clean environment and preservation as ‘luxuny’ goods (Kamka & Zervas.

20134 1397),
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In addilion, (here exisle an alternative approach is to measure the inconie
clasticity of the Filliagness to Pay (WTF), which accounts the change in the
willingness 1o pay for some environmental quality in response (o a change in ingome:
Blost sludics demonstrated (hat the meome clasticily of willingness to pay is 1ess than
unit, whereas the income elasticity of demand on envitonmental quality 1s margnally

over unit {Kaika & Zervas, 2013a: 1397).

Many tescarchers have deall with the changes in consumer preferences with
respoel o covironmental gualily over time, Kander and Lindmark (2004) found that
ciivivonment m Sweden was approcialed al a higher valve alter the 1970s, whuch
cave rise o willing dction lo provenl [orther pollulion; as a resull, eovitanmental
guality was upgraded In contrast, with respect to Haban houssholds’ consumption
expenditures, Martini and Tiezzi (2014) consistently found that the income slastiaity
of willingness to pay for environmental quality is very close to unity for all income
groups suggesting that getting richer dogs not necessarily bring cleaner environment
(Kaika & Zervas, 2013a; 1397), Carlsson and Johansson-Stenman (2000) found that
willingness to pay for improved air quality was mnorcasing 1o neoin, wealth and
education; it was larger for men, manbers of envirommental organizalions, cihzens
Baring in big cities which are on average more polluted, and citizens who own their
house or apartment, but was lower for retired citizens. Wang et al. (2015) found that
parenis in Shanghai would be willing to pay for improved air quality. The amount of
willingness (0 pay offered by the parents of relatively unhealthy children was higher
than that of the other enes.

Thereforg, differemt preferences shape different consumption-patierns, which
need different abatement policies, while the awareness of an environmental issue
takes a long ome. Even if when such & problem 1s deterrmned | the undertaken actions
depend on the utility of the agents, their relative sconomic position and their spatial
ahility to separate themselves from the source of pollution. Al in all. the income-
polhution issnes has been considersd as a macroeconomic subject along with any
microeconomc [oundations of this reladonship in isell and thus are difficult to be

detected ina sufficient way (Kaila & Zervas, 201 3a: 1397)
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Investigating the microeconomic implications of consumer preferences on the
environment is a challenging task, For instance, appropriate preferences can generate
an EKC-pattern for all pollation functions, however there is no guarantee that such
appropriate preferences exist, 1f consumers do not exercise enough envirommental
strugples as they become wealth, then the most sophisiicated and elfective abalement
technologies camot prevent pollution from inercasing, However, consumess do nol
needd Lo have very “green” preferences [or pollulion o ultimalely [all with income 10
abaternent becomes sufficiently effective (Plassmannm & Khanna, 2006: 634—ﬁ43j_
Furthermaore, itis difficult to estimate the cffect of a shift in consumers™ preferences,
since such shift might depend on various spatial and time conditions, i.e., inhabitants
of a city where consumption is coneentrated might not need concern themselves with
the negative health effects of a wasts treatiment installation located in a sparsely
populated area, or even across a great distance, when the cost of pollution could be
ransferred (o a remote future. In guch cagses, the mhabilants have [ow mecnbives (o
alter their consumphon pattems or change the composition of these patlerns, unless
they sincerely concemn about the effects of environmental desradaton to others

(Kaika & Zervas, 201 3a: [397).

Mary rescarchers arpucd (hat an EKC-paticm is not formed in isolation from
political institutions that related to the process of environmental policy making in a
nation (You et al.. 2015: 189). A central view is that as an economy grows, its
government is expected to respand properly to public awareness on environmental
degradation and to countervail market failures by imposing proper regulations that
prevent further pollution from increasing. As a result; the prowth of an coonommy 18 a
necessary condition to counteract polluton but 11 15 not a sufficient condition alone.
{Kaika & Zervas, 2013a: 1397 Whether improvements of envitonmental gualiny or
curtailed environmental degradation materialize or not, when and how depend
critically on povearmméent policics, social institulions and (he completeness as well as
fimetonmg of markels (Panavolou, 1997 4581 Although 1l seoms casy applicable
from & theoretical point of view, in practice it 15 difficult lo accurately evaluate the
effeclivenssy or ineffectiveness of a nation’s governance or ol 1ls polilical inslilulions
that would enable a belter estimation of their impact on envirommental degradation
(Kaika & Zervas, 20133 1397).



L1 and Reuveny (2008) as well as Bermnouer and Koubi (2009) suoveved the
literature aboul the positive and negative effects of democmey on envirommental
quetlily. Five theones have been formulated 1o suppornt democracy as an “improver ol
envitpnmental gqualily”™ {Hossewn & Kanelo, 2013; 3130 A [rsl argumenl assuwmes
that political rights and freedom of information encourage the birth of environmental
interest groups, which raise public awareness and promote environmental legislation.
This effect apphies through cnvironmental groups and public opinion al large, That is
ta say, information on covironmental probloms flows more feely, and political tighis
are more vanous as well as better protected 2 democracy than o an autoeracy.
Conzequently, environmental groups are often more effective in informing citizens
and organizing them to act on environmental problems in a democracy than inan

autocraey (Li & Reuveny, 2006: 936-937)

The exact opposile situation is thal (he avlocialic regime censors inlormation
Nows {environmetital degradation mighl notl be reporled by the media to the clizens),
and its decision making is more autonomouos than that of a democratic govermnment.
In reality, the elite in an autocracy might be more educated than the public as
education tends to develop with income. ceteris paribus. However, as democracy
provides free media. environmental problems are more likely to be reported by the
media to the ciizens, In other words, citizens in democracy are more Likely to be
informed sbout the health of the environment than zre members of the elite in an
autocracy {Li & Reuveny, 2006: 937), and therefore they express their preferences
for environment (freedom of expression) and put pressures on their govenuments as

well as genetate lobbying groups (freedom of association) (Romuald, 201 1; 3).
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A second arpument assumes that democracies are more responsive o the
covironmental needs of the public than are autocracies This effect applies through
clectoral accountability and the ability of groups to mobilize socially, perform
polifical representation as well as affect public policy making. A central view is that
democracies hold regular and Loe clections, which can bnne 1o power new parties
that are characterized as Diendly o the eovitonment. In contrast, (he distribution of
political power in an aulodracy 18 concentraled, thereby restricting the likelihood that
envirenmenlalists will come o power. As a result, environmentalists stand a greater
chance of influencing policy making in 2 democracy than they do in an antocracy. At
the same time, this view might reflect that citizens could freely elect extreme anti-
envitonmental parfies although causal observation shows that such cases do nat

ocour frequently in reality (L1 & Reuveny, 2006: 937).

A third argument 12 clogely related to instbulional and ideational features of
demacracy. The main speculation 1s that democracies are more likely to comply with
environmental agresments because they respect the rile of law and human life (fewer
wars and famines), support econamic freedom and market economics, which 1n lum
raises environmental quality {Ilosseini & Kaneko, 2013: 313; Li & Reuveny, 2006:
037, Gleditsch and Sverdrup (2003) arpucd that democracics are more responsive to
Life-threateming envivonmental degradation than autocracies as they respect hyman
Life, and also that democracies engage in fewer wars than autocracies as they respect
the environmental quality. Moreover. Sen (1994) argued that famines generalc morg
environmental degradation; this is because they divert attention away from long-run
environmental concerns. Thus, famined und environmental degradation is morve likely
to be higher in aulocracics than in demoecracies because democratic govemments are
mote responsive o the needs of the ctizens and environmental protection (L &

Reuvery, 2006: 317}
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A fourth argument assumes that the elite in an autocracy will be less pro-
environment than the masses and’or the public at large in a democracy, With the
prevailing technologies and materials, the implementation of siricter environmentsl
policies can lower the levels of production, income and consumplion, which, in turn,
mpose-a higher cost on the clile mn anautocracy than on the populabon while the
marginal benclil 15 unilomm [or both the dite and population (L1 & Reoveny, 2006:
937, Romuald, 2011; 3). The lopie 15 as follows: the elites use the resources of their
respective nalion 1o penerate personal wealth and to redistiibute income from their
populations towards themselves. If the costs of stricter environmental policics are
inherent disproportionately by the elites; a5 it would be the case with restrictions on
polluting industrial activities, while the benefits are unitormly dispersed twouphoul
the popuolation, then these elites would have Tiitle incentive to adopt and implement
such policies. Incontrast, in democracics the median voter, who elects public policy,
faces lower costs rom environmental policies relative to the economic and political
clite. In short, (his makes the adoplion and implementation of sticter envivonmental

policics more likely in democratic regimes (Bernauver & Koubi, 2009 1356).

A fifth argument assumes that the discount rate and the time horizon of the
government force are important faclors in solving many forms of emvironmental
degradation that develop slowly and over long periods of time (i.e,, climate change,
biodiversity, air and water pollution, etc.). The masses in 2 demogracy should have
less at stake over regime change than the elite in an antocracy. The elile in an
autocracy are tightly related to the leader, i.e., if the leader loscs powar, the elite
might sulfer heavy losses or even lose their Iives. Facing thus possibility, the elite
might wish o provent regmme change by foree, 1e, if they invest more today to
silence real ot potential tebels, they will allocate regources away from environmental
problems. Also, the elite nuht suppaose that the change is inevitable or hedonic, 1.e.,
if they consume more foda-, they will ignore environmental depradation that takes a
lang time to amend o1 current aclivities that will caovse damapes in the futre. Both
cases rise the discount rate and reduce the tdme honzon of the antocratic government
force. And, consequently. the ruling elite in an autocracy is more likely 0 ignore

envirpnmental degradation expected in the foture (L1 & Reuveny. 2006: 937-938).
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In contrast, four theories have been formmlated to indicate that demacracy
might not reduce environmental degradation or might even increase it depends on
several mechanisms (Hossein & Kanekeo, 2013 314; Ti & Reoveny, 2006; 938). A
first argument assumes that when private property righis of nalural resources arc nat
wll delined, as 15 often the case with ‘the commons™ {ie | clean air, ocsans, Toresls,
and habilable carih}, Fee (unconstrained) individuals or interest groups tend to over
sxploll such resources and ignote the damage that their sconomic actions inflier on
the environment (L1 & Reuveny, 2006: 938y Hardin (1968) noted that:“freedom in a
commigns hrings ruin to all™ {p. 1244}, since “we are locked into a system of *fouling
our own nest,” 50 long as we behave only as independent, rational, free-enterprisers™
{Hardin, 1968, p. 1243). Gleditsch and Sverdrup (2003) concluded that: “Hardin's
“Tragedy of the Commons™ dees not encourage confidence in the effiee! of ceonomic

and polillcal freedom on envirommental qualily™ (L1 & Rewveny, 2006, p. 938),

A second argument assumes that the nature of environment and democracy
are different, Environment 15 a “global phenomena™ while democracy [unclions on
only national and local decision levels. Thus, plobal environmental problems might
not necessari]y be attended Lo in a Goely manngr. For instance, Halbrommer (1974
argued that global population growth threatens global environmental guality. Being
aptonomaus  decision makers, autocracies can cwrtall human reproduction, while
democracies are held accountable by the public, and thus respecl citizen riphis,
including thoss involving hmman procreation (Hosseind & Kancke. 2013 314: Li &
Reuveny, 2006: 938, Romuald, 2011: 4).

A third argument assumes that democracies tend to be markel econonies,
where business interest andfor lobbving groups have considerable clout. The basic
thought 18 that the asymmelne influence of proft-omented corporate interests in
capitalisi democracics. Conscquently, democrcies are not regarded as protecting
environmental qualily as they ave expected to satisf the preferences of markets and
business interest and‘or lobbying groups which aims at maximizing their economic
profit that is not favour of 2 belter environmental quality (Hossein & Kaneko, 2013
314; Li & Reuveny, 2006: 928; Romuald, 2011: 4).
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In addition, the influence of business interest and/or Tobbying groups isin part
responsible for institutional seferosis in mamure democracies. The logic is as follows:
as democratic societies hecome maore advanced and stable, their institations become
more complex, and therefore stabilicy might faen inte rigidity at some point. Since, in
mature demoaratic systems public poods provision could suffer from the existence of
a relalively larpe number of business interest andfor lobbying groups that have |ittle
or N0 meenlive 1o make significant sacrafices n the interest of society as 2 whole
Therelore, (hese proups compete over access to and control over legislative as well
as administrative processes in an attempt to appropriate |arger shares of a sociely’s
production, which, in turn, fall short of improving environmental quality (Bernaver
& Kaubi, 2008 1357).

& Towrth argumont assumes that demooratic govermments ars more sensitive
lo he ceonomic concerns of the majority of the voting public. By implication. this
implies that when the majority 1s expected to lose more from environmental policies,
demaocracies become reluctant fo mitigate environmental depradation (Hosseind &
Kaneko, 2013: 314; Li & Reuveny, 2006: 938), Also, the povanments are elected for
a limited time period as a rule. This case might probably deter a government. due to
the potential political cost, from mposing environmemntal regulations that protect the
environment from market failures that generate long-term sxternalities, especially
pollution. Moreaver, when the political system is highly cormapted or less ciloctive,
then the agent’s willingness to upgrade environmental qualite might not be observed
by their governments, since cormuption affects the process ol ceonomic prowih. In the
same way, i povemunental institutions are weaker, less effective as well as more
cortupted, then a possible EKC-curve might peak at mgher income levels or well
above the sooal optimal income level. Nevertheless, improved sovernance andior
palicy refonn in peor nations are sufficient conditions o reverse this situation (Kaika

& Fervas, 200 3a; 1397),
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1.2. A Conceplual and Methodological Critigue of the Environmenial
Koznets Curve {EKC)

The environmental Kugnets curve (EKC) is referred to as the hypothesis that
the relationship hetween envitonmenial degradation and per capita income reflects an
inverted-Ll shape, The logic of the EKC rclalionship is rather infuitive: in the infant
staze of industrialization, pollution grows rapidly because greater priarity is given to
increasing malenal output, and citizens are more interested 1 jobs and income than
in public properiics like environment and its resources (clean air and water). The
rapid growth ingvitably results in greater use of natural resources and crmssion of
pollutants, which in turm put more pressure on envitormment o Uns staps. cilizens are
too poor to pay for abatement, and/or ignore environmental consequences of growth.
At the later stage of industdalization, as income increases beyvond a threshold (known
as “income turning point™). the willingness to pay for a clean environment increases
by & greater proportion than income, snd consequently regulafory institutions become
more effective 1 redocing pollution levels generating gradual tmprovemnent of
envitommental conditions (Back & Kim, 2013: 744 Dinda, 2004 432; Kijima et al,,
2000: 187, Onafowora & Owoye, 2014; 47).

Even from these narrow and somewhat impressionistic observations., il seems
to be the case that EXC hypothesis postulates a well-defined relationship belween
level of econcomic aclivity and environmertal degradation is defined as the level of
concentration of pollation or flow of emissions, depletion of resources, and se on. In
mare tormal terms, if we plot per capita income on (he hon zontal axis of an XY ¢har
and some measure of envirommental indicator on the vertical axis. this hypothesis
suggests a plot that looks like an upside-down “U™ It exhibits how a technically
specified measurement of environmental quality changes as the fortunes of a nafion
or a large human society change. Thus, it is a “statistical artifact” that summanzes a
few significant aspects of colicctve human behavior in two-dimensional stage

(Dinda, 2004: 432).
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A nomnal type of EKC has the form displayed in Fig. 8. The relationship
benween environmentz| degradation (per capita) and income (per capita) is plolled as
an inverted-L)and is similar to the original curve suggested by Simon Kuznels (1955)
concerning the relationship between inconie inequality and ecenomic growth, The
turning pomd o Fig, 8 demonsgtrates the level of neome (per capita) bevond which
crvirorncital depradation could be de-linked from the process of economic growth,
Il is clear thal economic growth upgrades the emvitonmental guality in higher income
levels (Katka & Zervas, 2013a: 1393-1394).
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Fig. §. An Emvirommnental Kuznets Curve (EKC) [Source: Kaika & Zervas, 2013, p.
1304],

In Fig. §, the dependent variable on the vertical axis 15 a type of an indicator
of envirormental deeradation. In the absence of & single environmental indicaror, it
15 possible to separate three main categories that have been used in the literature: air
guahty ndicators {sulfur dioxide. suspended particulate malters; carbon moenoxide,
carbon digxide, nitrons axides, lead, and volatile orgame compound), water quality
indicators {pathogens, heavy metals. and water axygen regime), as well as various
othet environmental quality indicators (municipal solid wastes. access to urban
sanitation and safe drinking water, deforestation. energy based variables, raffic
volumes, toxic intensity or intensity of industrial raw malerial usage, biological
diversity, and endangered species) (Dinda, 2004; 441; Kalka & Fervus, 2013a: 1394-
1400; Tutulmaz, 2015: 75-76).
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The independent variable on the horizomlal axis is a byps of an indicalor af
economic performance. Indicators of economic performance can be ropresented by
income (PPP adjusted income per capila), ceonomic growth (per capita), which is
calculated by dividing the Gross Domestic Product (GDP) wath the population of the
geonomy. a measure of consumpton (private and govemmient consumption per
capita). a measure of development (the human development index), and a measure of
poverty (an IFAD index of rural poverty in the developing nations) (Kaika & Zervas,
2013a: 1394, Permings & Ansuategi, 2000 26),

In the manner of cxplanatory variables, previous studies have suggested that
there i3 an enormous tanps of variables as determinants of envirormental pollution
or degradation. Recently, the focus of attention has shifted from mainly economic
{international trade, foreign divect investment, financial openness measuring the
extent of openness in capital account transactions, globalization index, the industiial
share of total output, the share of individuals working in the industey sector, the
composition of 2 nation’s enerey seclor, the amounl of commercial energy used to
produce one dollar ol cutpul, the GDP per umit of energy use, the share of electrieity
supply from coal and alternative (non-fossil) sources, the use of fertilizer) to political
(the index of economic freedom, political freedom index, civil libertiss index. the
difference bebween the sub-indexes for democracy and autocracy, the party of the
chief exemtive has a lefi-wing arientation, the numnber of vears the chief exscutive
has been in office. bong a dictatorsing and socalist. economic orpanization index,
control of corruplion. being a presidential and parliamentary system, the degree of
capitalism, government stability index, bureaucracy quality index, law and order;
judiciary independence) and demaographic (area, arable land, population, the ghare of
the population in working age, papulation density; population growih, whanization,
wtal length of highways, landlocked, absolule latitude, temperature; mequality: and

cducalion) delormminants,

41



The sullicicney and validily of the Environmiental Buenels Curve hyvpothesis
has penerated a controversial debale on bolh theorelical and empirical grounds. The
experimiental siudies have provided a broad diversily of Ondings (sce table 1), smoc
the empirical resulls are sensitive o the available information (Le., the sample of
nations chosen and the time period considered), the considered pollution indicators.
the propesed functional form and the econometric methodology. The vast diversity
of empirical findings has been summarized in some swiveys and meta-analyses by 1le
{2007), Jordan (2010), Cavlovic et al, (2000), Bo (2011), as well as Koiwrgla et al,
{2011}, According 10 a recend study by Lopesz el al (2014, the Kusnels inverled-T
shape 18 confirmed by 55.7% of the studics while the more Oexible W and inverted N
patterns secan to b valid in 16, 4% and 3 .3% of the cases respectively, Wilh resard Lo
the evidence against the ERC, 11.3% of the studicg exlubil increasing lends. A
synthesis of these results is indicated in Fig 9 (Pérez-Suarer & Lopez-Menender,

2015: 429),

Table 1. Empinical Studieg of Envirommental Kuznels Curve.

Estimated Pattern References

Inverted U-
Shape

Beckerman {1992, Shukla & Parikh [ 1992} Panayolou (1995
1997), Lépez (1994), Shafilk (1994), Selden & Song (1594).
Grrossman (1995), Grossman & Krueger (1995), Pandel et al. (2005),
Holiz-Ealan & Selden ([995), Cole et al. (1997), Robens & Grimes
(1997), Stern (1998, Kabm (1998}, List & Gallet (12949}, Bradford of
al {20000 Aniweiler et al. (2000), Heerink ot al. {2001}, Stern &
Conumon (2001Y, Permann & Sterm (2003), Cole & Elliot (2003,
Halkes (2003), Milimet et al. (2003, Cole (2003), Canas < al
(2003}, Ciles & Mosk (2003), Frankel & Rose (2005), Mcpherson &
Miegwiadomy {2005), Galeottd et al. (2006, Plassmean & Khanna
(2008), Deacon & Norman (2008), Aromahouw el al {2006), Culas
(2007}, Song et al. (2008)

Panayotou (19497} Kaufman o al, {199%), Dinda et al, (20000
Grossman & Kreger (19913, Shafik & Baodyopadhvay (1992),
Moomaw & Unruh (1997, Tomas & Boyes (199%1, List-& Callet
(1999}, Barret &  Graddy (2000), Bradford  of sl (Z000Y,
Cangadharan & Valenzuela (2001), Cole & Elliat (200)3)
Gangadharan & Valenzoela (2001), Harbaugh oo al. (2007)

TU-Shape
M-Shupe

Iaverted N-Shape

Manotonically Roca «f al (20013, Stem & Commen (2001 Permann & Stern
Increasing (2003)

Ionotonicaliy Shukla & Parkh {1992 Carson ot af, {1997), Gale & DMMendez
Dreireasing {1998

Na Specific Die Bruyn et al. (1993%), Egli (2002}

Fatterns
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Fig. 9. Empitical Fvidence about the Environmental Kwmels Curve [Source: Péree-
Sudrer & |.6pez-Menéndez, 2015, p. 430],

By these implications, cvidence for the EKC hypothesis is mixed. There are
three main caveats in the empirical literature. The Arst and most obvious one 18 that
not all pollutants obey this empincal regularity (Esteve & Tamarit, 2012a: 2696).
The EKC relationships are more likely to hold for certain types of environmental
degradation. i.e.. pollatants with more short-term and local cllects, rather than those
with mare global, ndirect and long-term effects. The significamt EKCs exist nn]:_,r for
lowal and regional air pollutants (80, SPM, NO,. CO), and urban air coneentrations
with a peak at lower income levels than otal por capita cmissions (Dinda, 2004;
442y, In conirast, (he global pollutants {CO2, municipal waste, energy consumption
and traflic volumes) seem to fit the original scenario postulated by the Club of Rome
group with emissions appearmg (o inerease with income without limit, or at least te
some very Migh level lummg point income. Moreoyer, some of the pollutants fie.
the lovels of aggregate matzrials consumption) seem Lo lollow (he EKC might in laet
indicate re-linking at higher income levels with a subscquent upswing again in
emissions (showing ‘N-curve’ rather than “the Kuznets inverted U-curve”) (Esteve &
Tamarit, 2012a: 2696).
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The seeond caveat 13 that not all nations obey this empincal regulanty: From
a theoretical point of view, the BEKC seems ay a “development path”, implying that
ne effort should be made to adopt environmental policies in developing nations when
thuse nations become rch the cument emvirommental issues will be addressed by
policy ¢hangss adopted al that later time. Tt is suggested that developing nations are
“too poorto be green” and that little in the way of environmental clean-up activily iz
being conducted in (hose nations (Perman & Stem, 2003: 326}, Some policymakers
in developing nalicns and donor mstlotions misundersiood this path as a proper

policy: “Grow Ol then clean up® (Dasgupta el al  2002: 147

The empircal evidence supersedes the debatz about whether all nations
follow the same development path, Generally, the FKC is found empirically in some
nations, but such results do not guarantee thal the EKC is universal and oflen the
inverted-1J 15 accepied [or less developed nations. Since, e worldwide emission
prospecle are nol oplimistic ag 1t might be assumcd on the basis ol EKC hypothesis.
For instance, the US had long been the world’s largest enutier wial around 2007
when it was exceeded by China. The US's carbon emissions have declined by 11%
for the period 2009 to 2014, But at the same time. the emissions of developing
nations gresw at a faster rate than that of the rate of decline in industrial nalions
crigsions, particularly China’s carbon emissions grew by almost 50% fom 2007 to
2014 (Dong etal., 2016: 210-211).

A passible explanation for such heteropericily across nations 18 high-ihcomme
naticng may have moved thelr emission-intensive industries offshore to developing
nationg. Suri and Chapman (1998) feund that nich nations were grovangly importing
mote enerpy-intensive products, and therefore the consumption and production of
manufactured goods can be sgparated geographically. This implies that an mverted-T7
might be observed for the production account for some nations, bul non: [or the
consumption account at least two reazons: The foomer. consumplion conbibotes to
the production of *dirly’ goads repardless of where they are produced;, the latter, the
expurting nations may gain from trade. thus the gains fuel additional consumptions

and lead to a higher level of global emissions (Dong et ali, 2016: 211}



The third caveat 15 the scaltered diverse evidence [ound, mainly due to four
reasons . First, other factors can also be duving cmission levels, meluding the degioc
of made protection, the degree of politieal feedom (ndex of civil hibatics), and the
effect of scomomic growth (scale of economy) Independent of {he 1ncome per capita
level. Second, the probability is that the turning point has not been met yet for some
nations and pollutants. Third, many of the BKC stmdies are conducted on a cross-
seedion nation basis rather than on a more careful panel or fime-series framework
within specific nations {Esteve & Tamarit, 2012z 2696-2697). Fourth, the EKC does
not nesessarily represent a sustainable time path of pollution, since it represanls the
patterms of flows of pollutants, while envitonmental effects are oflen characlerized as

a stock problem (Dinda; 2004 447

In the existing empirical literature, estimated relationships are mainly based
on the solution of a structural system of (unknown) equations that generate the final
relationship belween covirommental degradation and income, known as reduced-form
equations. Using a reduced-form squation allows researchers (o measure directly Lhe
effect of income on environmental demadation (Kaika & Zervas 201300 1394
There are two different reduced form equations shown n medel (1) and (2} The first
maodel is employved to investigate seven different polygonal forms related to the
environmenl-gconomic development relationships. The second model has the triple
fonm suggested by Shafik and Bandyophadyay, wlich includes a time lrend lerm
{time’ lo-explain the effect of the technology or efficieney changes. Hewever, there is
a critical view for using trend in terms of that it meht cover the effect of other

varialiles which changes with time (Tutilmaz, 2015; 75).



The [ollowmeg reduced form model 15 used fo test the vanous possible
telalionships betwesn pollution level/environmental pressure and income {Tunilmaz,
2015: 75

EP = e+ PV + 82 lr’,j + 8. r:t + 8. £ep T8 (1)

P emvironmernial pressive

Y. economic development variahle fin terms of per capira tncome)
Z: ather vartables

i, 1 country and time fndex

a, [ comsaant rerm and coefficient parameters

& EFFOE lerm

In maodel (L}, IP can be represenied as some preéssure cavsed by economic
development an the environment. ¥ can be represented as incomc or per capita
income which is commonly used in the literature. Z[rr represents other variables that
might affect £P, 1 and ¢ are country index and time index, @ is the constant (e, B,
15 coeffivient of &th explanatory vanahle, 5y, £, and £, are jointly determine ihe
polygonal shape of EKC curve, 1e., inverted-U or N typs curve. ;. represents the
normall: distributed residuals (Tutulmaz, 2015; 75). Depending on the study, the
model {17 can vary. For cxample. many studies work en 2 (natural) logarithmic
ransformation of (1) by using n(EP) and In(Y) instead of K and " i order 1o
avoid zero or negative indicalors. In any casc, the final choies of the fimctional form
18 chosen on the model that best firs the available data and has the highe: explanatory
power nside the data range {Kaika & Zervas, 201 3a: 1394).
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The model (1) is used to investigate 7 different polygonal forms related to the
environment-sconomic development relationship. Parametric conditions (Diao et al.,

2009 547543 Potulmaz, 2015 T5):

LBy =0and fi; = £ =0, a monotonically inereasing linear relationship between

emission and income,

i, fi; < Oand §; = f; = 0, 2 monotonically decreasing linear relationship between

ermsston and mcoime.

li = 0.6, < 0and fi; = 0; a quadratic relatonship with opening downward
direction, generally described as an “inverted U-shaped curve”, Also, lhiz is kiown

as a “conventional EKC™ in the literamire, Researchers can oblain the lurming points

gt )" = —Z'ET;- or¥" =exp(—(f;/2£.)) , in (he logarithmic version, by setting
; .

derivatives of equation (1) equal to zeto,

w. £, =0, B3>0 and f; =0, a quadratic relationship with opening upward
direction, generally described as a “U-shaped curve”. Rescarchers can oblain the

turning points at ¥ = —-gf or ¥' = exp(—(f/28,)). in the loganthmic version,
z

by setting derivatives of equation (1) equal to zero.

v. B = 0.8; <0and g >0 (B and £; cannot be zero ar the same time), A cubic
polynomial described as an “N-shaped™ curve. This N-shaped curve s used to exhibit
that BEKC relationsiups lime or even can lum mto posttive divection again after a
cortain level of development (Phase 4 in Fig. 10). Considering abonl Phase 3 and 4 in
Fig. 10 for advanced levels of development, and then, it might not be convinging that
environmental prassurs might converge to the zero Jevels and just disappears. Thus,
the N-form relationship (or cycles in the long tetm} would be even more meaningful

in the long ferm,
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In {¥) case, it is difficult to find the key points. According to the
characteristics of a cubic eguation, if an inflection point and mrning points exist,

researchers can obtain the tuming points at:

= ——
vo _.ﬁ"z_“'.':";j:_z‘.ﬁ'llﬁ':: gV _nﬁ'z+\‘|ﬁf_3ﬁ?1ﬁ:-: e
=y ad b —Tmh = exp

_|'3'.l_.\'||.'?23 =308y
By

and

S —
=B +\| B30 5

ap . in the logarthmic version, by setting differentials of
3

¥, = exp

cquation (1} cqual 1o zcro. Simnilarly, tescarchers can obtamn the inflection pomnt at

Yy = —f—; or Yo' =exp(—(f5/34:0) . in the loganthmic version. by setting
=53

guadratic dillerenials of equation (1) equal to zero. However, the inflection point
and/or (he loming points might not exist and a comesponding curve can exlabit the

lrend of conlinuous Imorease.

vi. B, £ 0,6, = 0and iy < (; ( f;and f; cannot be zero at the same time). A cubic
polynomial generally described as an “inverted N-shaped™ curve, This inverted N-
shaped curve exhibits that EKC relationships turns or sven can tun into negative
direction again after a certain level of development. Same as (v) case, it is difficult to
find the key points. According to the characteristics of a cubic equation, if an

inflection point and furning points exist, researchers can obiain the turmne points at

~F.- B 38 8 . Pt BE-2 ~fa- B30 i

ety = — = ”‘P(—ﬁ‘j 0
4

.
_51+,\I Bi-38 Ay

Y," = exp 7 . in fhe Togarithimic version,. by setting differentials of
4
cquation (1) equal to zero; the inflection puint ¢an be obtained at ¥.' = —f?é it
]

Yo' = axp(—(8y/35:)), in the logarithmic version, by setting quadratic differentials
of (1) equal to zero. But, the inflection point and‘or the tuming points might not exist

and a corresponding curve can exhibit the trend of continuous decrease.

vil, i, = = f; =0, a [al pattermn or no relatonship between emmssion and

mMeome,
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I (here would be an covironmenital Kuznets curve, caleulating the inflexion
painil 15 urporlant, which suggests the gap of economic level between cwent point
and the milexion point In particular, ealeulating the effect of situational fhactors 15
egually important, which explains what kind of external instruments can be taken to
positively influence the low emission economic development process, rather than

passively waiting for the arrival of the inflexion point {Yin et al.. 2015 100},

Takle 2- The Possible ERC Shapes [Source: Ald, 2015, p. 15]
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Fig. 10. Invertad 1) and N Relationships of Environmental Kuznets Curve | Source;
RBernaciak, 2013, p. 281}

Shalik and Bandyopadhyay (1992) investipated the EKC relationship with 3

dillerent formns as [ollows (Tululmaz, 2015 75

Ly = oy + By log(Y)i + . time + ¢, {2}

By = aye + B loglV)y, + fo. log(Y) . + Ba time + &, (3)

Eip= 0z + fr.1og(¥)ie + 3. Jop(Y)ie + (. log(¥)3, + Ba time + 25 (4)

E emvivonmental variable din logaritfims; in terms of per capita entissions)
¥: economic development variable (in terms of per capita income}

Lt country and fime indey

oL Consiant erm

B cofficients of ncome, square ard cubio transformations of mcome and time
fread

time: {ime frend

&7 EFFOF b



The level and log level data can be used in the models although the authors
used logarithins of the variables in the models (2)-(4). Model (2} represents a linear
relationship between per capita income (Y representing economic developmenl level
and environimental wvariable (£), such as air and water emissions, By adding the
quadralic income lerm, 1l begomes Model (3). I reprcsenls thal the non-monstonic
relationship between the income level and covivonormentlal pressure. The case of
positive £y and negative f#; will generate the inverted-U relationship known as TKC,
By adding the cubic income term, it becomes Model (4). It represenis an N-shaped
relationship, 1= deemed as one of the EKC shapes, belween (he meome level and

crvironmienlal degradation (Tululmas, 2015: 75)

This shape of EKC is explamed by the “re-linking fpothesis”, indicaling that
the EK.C may not hold even in the long run, economy can foresee upswing or cvcles,
which follows the inverted-U curve initially, but beyond a cettain income lovel, the
relationship hetween environmental pressure and income lums posiive apan. For
instance, the levels of ageregate matenals consamption over time might show an N-
shape rather than an inverted U-shape curve. Such upswing of EKCO can be explained
with the help of the difficulty of keeping up efficiency improvements or innovalion

with contimiing growth of production (Dinda, 2004; 446-448),

Althoueh the reduced-form equations are intdively spund. it is not sufficient
to conclude the form of the link between per capita income and environmental
degradation based on such equations. They have been crilicized at least four reasons.
First, they are nol fittin: (¢ describe the mechanism ol environmoental degradation in
terms of income, since they show correlation tathar than the causal mechanism.
Second, they assume specilie lunctional forms g priost o egtimmate the enviromment-
income telationship, In fact, this relationship could be more complicated than thc
assumed functional forms. In particular, the choice of the functional forms 1s more
likely to affect the type and the numbers of tining poinis, estimates of the range of
per capita income in which emissions are expected (¢ decreaze are often dgmficantly
different (Kijima et al., 2010: 1185-1190).
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Mote spectheally, a cubie function shows that covironmental depradation will
eventually tend to plus (or minus) infinity as meene grows over time Similacly, 2
guadratic (concave) functon shows that enviromments] degradation can eventuoally
tend to zero {or negative) at sufficiently high income levels, which is not supported
by empirical evidences. Also, quadratic function (symmetric) implies that the aphill
portion of the curve has the same slope as the downhill part, This sugpesis that, when
income poes bevond some threshold level, envirommental depradation will decrcase
al (he same rale a8 il proviously increased, which 18 yvery unlikely, this 15 because
many forms of envitonmental degradation can be extramely difficult to decouple. In
general, most pollutants tend to accomulate and persist for a long time, so that they

are often much harder to mitigate than to produoce (Kajima etal | 2010: 11960).

Al in all, based on theorstical research. for the complex bi-dircclional link
between environmental quality and economic-social development, rescarchers have
beoun Lo anvesligale more sophisticated ceonometne techmaues of estimabion and of
curve fitted function (Kijima st al., 20100 1120} In this regard, researchers have
refined the empirical strategies. For instance, estimation methads have varied from
O3 estimation, panel data estimations with fixed or random effects, generalized
methed of moments. Tobit estimations. and semi parametric estimations. In addition,
explanatory variables have been auvgmented including lagged values. population
density, locational vanables, micro or macre vanables. distnbotional vanables, trads
variables. and non-economic variahles (literacy rates, ineguality, civil liberties and
political rights. etc ) In particular, these efforts have only found wide variatians
across nations consideting the income-environmental raationshup depending on the
crmissions, and consequently this relabionstup scems o be loss robust than previously
thought. More recently, new anpirical studics have been developed using state-of-
the-art panel colntesration technigues and individual tme seres (Esteve & Tamarig,
201 2a: 2697).
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CHAFPTER 2

LITERATURE ANT THEORETICAL CONSIDERATIONS

The standard theoretical and anabvtical framework for the investigation of
olobal warming and air pollution in the literatuwre is the prominent theory of the
Environmental Kuznets Curve (EKC). This theory is built to explain how shifts of
ihe cconomic structure, income-induced policy changes, demagraphic changes as
well as political and cconomic mslinitions form an inverted U-shaped relationship
between sconomic growth and global warming and also air pollution. The dyviamic
GHM model] this thesis designs 1s based on this theoretical Tramew otk i such a way
that the selechon of causal and indicator vadables 1s based on the insights of the

literanwe on the EKC.

Previous stodics have used an cnormous tange of variables as detaminants of
pollution. Indeed, as mosl studics do not satsfactorly control for dillorent measures
of pollution, samples and sets of conditioning variables, it remains questionable
whether the suggested explanatory varables are robustly linked to the level of
environmental quality (Lamla, 2009: 135). These studies provide the cornerstones of
this thesis. From a theoretical point of visw. combination of the studies guides this
thesis about the existence of economic growih/development and environmental
degradation link through i lwomain factors incloding ceonomic and governance
For the murposes of this thesis. which is to emmrically test hypotheses derived from
the existing theories on the presence of ERC, a measure of pollutant should fulfill the
following requirements sugyested by Bernauer and Koubi (2009): first, be produced
by human acrivity, second, be subject to regulations, if governments wish to, due to
g harmidul elfects of humans, coosystoms and the cconomy; third, have available
abatement technologies for mmplementation of the repulations; fowrth, for stabistical

purposes, have data available from a mmix of developed and developing nations.
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2L Literature on Environmental Indicilors

2.1.1. Indicators

Environmental pollution is a significant issue in the progess of cconomic
growth (Hitam & Borhan, 2012: 333). It refers to any discharge of material or encroy
into walce, land, or ait that causes o mighl cause acute (shorl-term) or chronic (long-
lerm) delriment o the Earth’s ecological balanes or thal lowers the quahly of life and
that threats to the survival of homamity (Gheorghe & o, 20110 2420 1t oceurs when
the environment can no longer deal with the unsafe by-products of human activities,
It results when the natural environment 1s incapable of decomposing unnaturally
produced elements while on the other hand fumans Tagk the know-how on dealing
with these pollutants artificially (Hitan & Borhan, 2012; 333-334), including velucle
crissions, agricultural runetl, accidental chemical release [rom factorics, poorly-
inanaged harvesting of natural resowrces, cle. In some cascs, pollution maght be
reversible with costly environmental remediation measures, but o elher instances, 1t
might be reversible or take decades ot even centunies for the enviromment to cope

with the pollution (Hassan etal | 2015: 38).

Environmental pollution, in its many forms, could be thresfold “whanmy'; it
affects the environmental processes which provide natural and industrial resources, 3
persan’s quality of life and the process of economic development (Bouvier, 2014;
40). Considering the first one, environment is very indispensable in every aspect of
life. That'is to say, all the process of entities is performed under the environment,
inchuding all the living beings are influenced by the environment; all the components
required for survival of living orgamsms are pained through environment containing
air, water, soil. feod, clean environment; the development of living creatures 1.2,
quality of human life. sector developmental activities. growth, natural resources for
development of civilization of faman beings, plant and animals are depend upon the

enviromment {Hassan el al,, 2015 670



Congidering the second one, any form of pellution is divecily related 1o a
person’s quality of life. On one hand, the effects of pollution may be sell-cvident, as
in the polhating of drinking water (causing typhoid, amoebiasis. piardiasis, ascariasis,
hook warm), or exposure to polhited sea waters {causing slin slments, Tespratory
infection, intestinal problems, hepalitis, auditory and visual problems), or the visible
smop {affecting the lungs, cves, nose, mouth and throat, causing asthma attacks and
related side effects such as plummcting encrgy levels, cancer, premanare death); on
the other hand, may be more sublle that affect cur well-being 1n ways of which we
are unaware, For instance, we are only just beginning to tease oul the links belween
gene expression and certain pollutants. Moreover, the level and type of pollution a
person is exposed to can affect that person’s ability to [uncaon both m the economie
sphere (Chlack hung,” having prematurely shorlenad the working lives of many tmners
in Appalachia and around the world) and in the Teisurs sphere (asthma affecting a

person’s ability 1o participate in sporis) (Bouvier, 2014; 39-40),

Considering the third one, pollution substantially affects the individuals and
socicty s productive potential, the process of economie developmenl (humean and
natural resources and building up of capital and technology), as well as the level of
ceonomic development of a nation, where economic development means the rising
standards of hving associated with sustained econormic growlh fom exisling levels Lo
a better, modem and hicgh-income economy (Hitam & Borhan, 2012; 334), There are
2 mumber of strdies thar invesggate the link betweaen environmental degradation and
sconomic growth/development. According to Meadows et al. (1992), far from being
a threat to the envirormment in the lang-retm, economic growth seems o be necessary
to maintain and mprove the covaronmental quality. Also, Anderson (19972 suggested
that the tradeoff between economic growih and envirotimenial qualily is not invariant
tn policies. This issue is parficularly important [or e ransitional nations, which atm
lo achieve higher rates of economic growth face the danger of adopting sconomic
policics that ron contrary to their Tong-tenm environmental sustainability objectives

{Tamazian & REao, 2010: 133}
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Sorme researchers argued that the net sffect of economic growth/development
on environmental quality depend upon the characteristics of different pollutants. For
instance, some air pollutants like suspended particulate matter, sulfur dioxides.
carbon monoxide and oxides of nitrogen, which have relatively significant health and
environmental degradation effects, appear 10 take an inverted Usghaped relationship
with economic development Also, Selden and Song (1994) found strmlar results for
various air pollutants like S0:, NOw and CO. However, Shafik and Bandyopadhyay
{1992} drpued that the (02 emigsions have been found to increase monotonically
with per capita GDP. Goldemberg (1998) stated that environment disasters might be
prevented by following the past steps by the industrialized nations. The industrialized
have incorporated modern as well as efficient technologies arly in the development
process, MNevertheless, Panayotou (1997) found that the quality of both policies and
msltulions m a nation eould sigrificanily reduce covironmental degradation gvenafa
oation’s income level 13 low, Higher [ulwre income levels are likely o speed up
unprovements to the envivonment Policies hike more secure property nights under the
rule of law and better enforcement of contracts as well as effective snvironmental
reglations could help flatten the EKC and reduce the environmentzl cost of higher

economic erowth (Tamazian & Rao, 2010; 138).

The upcoming section discusses and motivates the environmental quality
indicators emploved in this thesis. An enmvironmenial gualily indicator is defined as
“a number indicating the state and development of the environment or conditions
affecting the enviranment™ {(Alfsen & S/AERS, 1993, p, 416). It iz used to evaluate the
enviconmenl’s capacly [or supporing human and ecologesl health and o gauge
progress in mestng short- and lomg-term envitonmental goals B could wam of
impending environmental issues and enhance policymakers’ and regulators™ ability to
manage as well as resolve these issues (Michigan Nonprofit Association Council of

Michugan Foundations, 1998).
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There cxisl many pollutants that could serve as indicators of environmental
quality. Cbviously, it would be considered two mam measures ol global warming
and local arr pollution as indicaters ol the coviroumental guality, the first one belng

Il

1111, Fedicuiar of Global Warming

Global warming is the most discussed and feared envimonmental concem in
the world today in regards (o climate change. Global average emperature has already
mercased by 0.6 °C and could increase to 6.4 °C by 2100 (Miah et al. 20010: 4643).
Fig. 11 illustates global temperature variation, This trend of increasing Lemperatures
throughout the world has continued up 1o the present in “a global demonsiration of
the Tragedy of the Commons™ and ‘the biggest market failure the world has seen’
There are several reasons for global wanming, According 1o the latest report Gom the
Intergovernmental Panel on Climale Change (IPCCY, with 95% certainty, humans arg
the principal drivers of the rapid global warming we have experienced over the
period since the beginning of the indusinal revolution, and that the culpris arc the

greenhouse gases that we have been emitting (Leng & Tyson, 2014 326)
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The mosi sigmilican! groenhouse sases (GHGs) ane carbon dioxade {(CO3),
sulfur oxides (8O,), nitrogen oxides (NOy), methane (C114) and F-pases (gases that
contain Pluoring), Maorsover, the contribution of suspended particulate matter (SPM),
wasle emission (lor cmssion of CH4) and deforestalion cannot be ignorad, Among
thetn, CO: is considersd as the major GHG that contributes the “lion’s share in
global warming” (Mizh et al.. 2010: 4643-4646). Fig. |2 illusirates CO2 (ppm) rend
over vears., According (o an IPCC teport, CO: cmitted from fossil fuel combustion
and industrial process contributes about 78% of the total GHG (IPCO, 2014 5). The
three Gypes of fossil fuely that are used the mest are coal, natural gas and petroleum
(oil), When fossil fuels are combusted, the carbon stored in them s emitted almost
entirely as 02 (Hassan et al, 2015: 58) Hence, it iz utilized the log of COy
emssions por capita [rom the World Bank as the main indicator of global warming,
According to the World Bank’s definition, emissions of COy stem from the burning
of fosst] fuels and the manufacturmg of cement, Estimates of COyalso melude C0O;
produced during production processes through the consumption of solld, liquid, zas

fuels, and flaring
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(ilobal warniing in particular carbon dioxide (COy) emissions fulfills the
abovementioned requirements. A first requirement, global warming has been widely
considered as ons of the most significant environmental indicators, Moreover, COzis
perhaps the most prominent form of greenhouse gas worldwide, and used by the
World Bank, the IPCC, the Kyoto Protocol, as well sy numerous other nafional and
interialional authorities to investigate and to report elobal warming at least two
teasons. The former, increases in the emission of this gas give a direct correlation to
global warming (Miah et al, 2010: 4646). For instance, over half of the predicted
global warming impacts are expected to result from CO2 (Kazemi ef al,, 2013; 3358),
This is why the shudy of BEKC for CO; is very significant (Mizh et al., 2010 4646),
The latter, the primary source of thus COyis fossil-Tuel combustion, an aclivily that
state and Incal officials address by regulaling categories of emission sources (Kazom
clal, 2013. 3356).

A second requirement, OO emissions are part of a collection of gases that
negatively affect the quality of air and raise the grecnhouse cllcel. Greenhouse passs
haye a direct impact on the environment, including causing exirame weather events
(heat waves, droughis, thunderstorms and flooding). a global temperature merease
(melied glaciers and ice caps, increasing sea levels), the logs of ecosyatems and
putentially hazardous health effects for people. It is clear that the CO; is adversely
affecting the environment which is against the sustainable objectives (Hassan ¢t al.,
20050 67). According to the World Economic Forum's Global Risks 2016 report. a
global economic ensiswould most likely ooccur as a resull of extreme weather events.
Also. Stern (2007) estmated that economic loss from 2007 to 2020 would be 13.8%
of global GDP due to global warming ‘This is significanty higher than the loss
during World War | (4.98%) and World War [l (6.97%) (Tsal et al., 2016: 416),



A lhird requirement, COs cmissions can be controlled, if governments wish
lo, by allgring the {echniques of production While sume catbon dioxide is also
crmmtled by natural sources, it 18 primarnily produced from the burmng of fossl fuels
that are the major artificial greenhouse gas in the atmosphers (Tsal et al | 2006; 416).
It is clear that we establish-at this point that we humans can no longer be considered
‘separate’ from the natural systems we inhabit, at least when it comes to climate
change. Since humans are leading to the climate problems, humans also hold the key

to solving it (Long & Tyson, 7014: 326

Empirical evidence has shown that technological progress is the key factor far
constraiming and reducing CO; emissions. Particularly, epergy intensity acting as
drivers of 0y emissions (i.g. the improvement of energy mix and energy efficiency)
miust receive specific attention, 1t is a dirgct method for reducing energy inlensily (o
improve the energy efficiency and substitate enerey for other inpul factors in the
industry. In addition, the arnval of new vpgraded ot mproved technolopics as well
a5 innovation could stmulate the energy efficiency of production process in energy-

intensive industries (Yuan & Zhao, 2016: 108).

According Lo Stern (2007), cllective policies againet global warming should
lake into consideration the following forms. echnological policies to increase energy
offciency, applicatdons of lew-carbonamd energy-saving products, and imposition of
carbon taxes. In addifion, according 1o the special report *CO; Capture and Storage’
in IPCC (2005), three technologies that might miligale greenhouse sascs [bens on
increasing energy efficiency, adopting renewable or clean enetpics, and fetdeving or
storing COx {Tsat eral , 20186 416-417). Yuan & Zhao (2016} concluded that a series
ol effeciive stimulating measures of preen lechnolopical immovation and adoption,
including the improvement of energy utilization efficiency, production according to
ecological principles, and innovations in energy production (i.e a transilion the
gnergy mix from traditional fossil fugls to renewable and altetnative enerpy) should

be taken into the policy portlcl: a8 soon as possible across worldwade nations.
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A [ovrth requiremment, avallability of data that is commensurable fora latge
mumber of nalions and over long fme pemods 18 a major problem in this tpe of
rescarch. Dala lor COz ecmussions is more reliable than data for other forms of global
warrine, and 1t 13 also available for a rather large number of nations since 1939,
Data with similar properties is not available for most other greenhousc pascs
{GHGs), for instance, sulfur oxides (30,). nitrogen oxides (NO.), methane (CHy) and
F-gases (gases that contain Fluoring). Tn addition, it is nol cmployved composite
environmental quality indices. such as the Environmental Performance Index (EPT)

and Environmenial Sustainability Index (ESI), have been built in the [ast decade,

The 2016 version of the BEPL measures the environmental performance of a
nation according to nine policy categories: health impacts, air qualily, waler and
sanitation, water resources, agricuiture; forssts, fisheries, biodiversity and habatal,
and climate and energy. The nations™ performance in these nine categories is then
sununarized in two broad categories: envirommenlal health and ccosystemn vitality,
Both calepones recerved an egual weight of 50% in previous versions of the TPL
The finally calculated EPI ranges from O to 104, higher values indicating greater

suceess 1N mesting environmental targets (Hsu etal |, 2016).

The Eavironmentsl Sustamnability Index (EST) refers to a measure of overall
progress lowards envirommental sustainability The index gives a composite profile
of national environmenta] stewardship based on a compilation of indicatars derived
from underlying datasets. The EST is the predecessor of the EPL available for the
years 2000, 2001, 2002, and 2003, Also, the ESI devélopers emploved twenty-one
indicators (air quality. tiodiversity, land, waler qualily, waler quantity, reducing air
pollution, reducing coosyslem stress, reducing population pressures. reducing waste
and consumption pressures, reducing water stress, natural resource management,
environmental health, hasic human sustenance, reducing environment-related natural
disaster vulnerability, environmental govemnance, coco-clficicncy, prvate sector
responsiveness, science and lechnolopy, participation in inlcmatonal collaborative
efforts, greenhouse pas emissions. reducing transhoundary envivonmental pressures)
in order to build this index (Estv et al., 20035).
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I'hese mdicators peomul comparison actoss 4 range of ssues that fall into the
following five broad calegones, for instance cnvironmental zystems, reducing
grvironmental stress, teducing human vulnerabality o environmental siress, sogielal
and instintional capacity to respond to enviconmental challenges, as well as global
stewardship. Fach of the bventy-one indicators received an equal weight The higher
a nation’s ESI score, the better positioned 1t is to mamntain favorable environmental

conditions mmto the fulure (Bsty et al., 2005},

Despite its success and popularity, both the EPI and EST have been eriticized
due tn measurement problems. Although estimales for the EFI are available [or the
vears 200-2016, changes 0. for instance, data sources. the woiphimg of calcpories
as well as the aggregation method make it difficult to compare the EPI for different
vears, The developers of the TP also acknowladge this problem and emphasize that
rescarchers cannol use the EP1 in panel data (or finte series) analysis as the scoves are
nol comparable over time. The main reasons they mention are changes i “daia
sources, imputations, methodology, framework, target sefting, weighiing, and
ageregation”. Consequently, the sams crifigue as for the EPI applies to the ESE the
FESI scores or rankings should not be compared to earlier versions because of changes

to the methodology and underlying data (Bushn & Farzanegan, 2013: 105).

Both indices have been used 10 the Bterature, mostly in cross-country studics,
to investigate the effect of social and institutional factors on enwvirenmental qualivy
Due o ¢qual weighting procedure of the ESIL Jha and Murthy (2003) were concemed
about the fact that the cxisting litevature did not try to link any of the environmental
composite indices to ccononmice development and it ignored two main problems: the
first could be addressed by compubing a tore comprehensive aggresate measure of
environmental degradation, of which pollutants would only be a subset. That is,
linking individual pollutants to the level of per capita income provides an incomplete
picture because many pallutants are related to each other and o other indicators of
environmenial depradation. In addition, a nation’s per capita income might be only

an impetfect indicator of its development.



The zecond could be addressed by relating this measure to a more complete
measure of cconomic development, parhcularly, the human development index
{HDI). Thus, they applied prncpal components analysis (PCA) combining different
mdicators, (o build a composite index of environmental degradation (EDI). Using
their index in a cross-country study, they investigaied the relationship (o the HDI and
mireduce the concept of a “global environmental Kuznets curve (GERC)Y (Buehn &

Farzanegan, 201 3: 105).

Aparl from the BSI and EPL, some studies use the Leological Footprint (FF)
mdex, as a broader proxy of environmental perfformance, The EF index “measures
the human demand on nature by assessing how much biclogically productive land
and sea area is necessary to mamiain A given consumplion paliern” (Buehn &
Farzansgan, 2013 105}, This can be comparcd Lo available biocapacity, expressed in
land and se3 areas. Tf global demand on arca exceods plobal supply of biologically
praductive area, this reflects an overshoot, whuch 1s core concem for sustainability

(Wicdman et al |, 2006: 29)

The EF has besn used by a growing number of govermment authorities,
agencies. orgamizalions and cormmmunities as a metic of ecological performance.
Despile its success and popularty, the EF has heen criticized for, not acourately
representing the impacts of consumption, not correctly allocating responsibilities, not
being useful lor policy makers (Wiedman et al,, 2006: 297, a5 well az measurcment
problems like the TSI and EPL 12, lhey are available only for very few (even most
recent} yvears and usually combing ccolopical and environmenta! policy components
whereas this thesis secks lo study Lhe effects of political vanables on ecological

ouicomes,
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212, Indicator of Aiv Pelluion

Alr pollution iz a major environmental igsue and it comes in a variety of
forms, from visible particles of soat or smoke to invisible gases particularly sulfur
divxide and carbon moneade, and i can be created indoors and outdoors, While
somc sources of air pollution are emitted naturally from volcanoes and forest fires,
most are the result of anthropogemic acuvilios {_:J-'tgnelunj & Nen Serncin, 2014, 143-
144). The major anthropogenic sources of alr pollution fall into the four main
categories: first, industry and conventional energies (the mining indusiry, the energy
ndustry hased on Fossil [uels, notably coal, oil, natural gas, central healing, chomical
and metalluigical industry, and engineering internal combustion machinery industry,
industrial waste, noises, et ), second, agriculture (the vegelation live, denitnlication
in soils execssively lertilized, paddy ficld, intensive husbandry, deforestation, ctc.;
third. transportation (motor vehicle pollution, noises, etc.); and fourth, urbanization
{sewaygs plans, authorized LmdGl sile, oie) (sce Fig, 13) (Gheorghe & lon, 2011:
244-245),

4 Sources # Transport [ Transformation

el ———

Fig. 13. Glohal Pollutants Circuit [Source: Gheorghe & lon, 2011, p. 242),

64




The mam ax pollutants arc sultur dioxide (50;), carbon monoxwde (CO),
nitrogen oxide (NO:), ozone (Oq), particulate matter (Phgand Phss) and lzad {Ph).
However, among them, 50s in the:ambient air becomes a pollutant of environmental
siemilieanee, Like modl pollutants, 80: has both natral and anthropogenic sources,
Natural sources include volcanic eruptions, sea-salt emissions, and exidation of other
sulluor gases, swhile anthropogenie sources melude burmng ¢oal, biomass combustion,
and mdustrial combustion, Cmissions of S0: from the latter produce predominantly
as fossil fuel combustion at power plants (73%) and other industrial facilities (20%)
{Ray & Fam, 20014 101} Ay a result, 1l 1% used (he log ol 50: cmissions per capila
the as the main indicator of air polhition. The data set is developed by Smith et al,
(20117 who provide annual sstimates for the global and regomal anthropogemic salfur
dioxide crmssions from 1850 to 2005 (sce Fig. 14). The final 50; emission cstimates
represent the sum of SO emissions from a variety of sources: coal, petroleum and
anmass combustion. natural gas processing and combushion, pelroleum processing,
shipping bunlcer tucls, meral smeliing, pulp and paper processing, other industrial

processes, agricultural waste buming

Global Anthropogenic 80, Emissions
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Fig. 14. Global Sullur Dioxide Emissions by Region [Source: Smuth et al., 2011, p.
1110,
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Air pollution in particular emissions of sulfur dioxide (50;) fulfills the
abovermnentionad requirements. A first requirement, air guality is widely regarded as
one of the most significant environmental indicators (Bernauer & Koubi, 2009:
1358), Also, 803 is one of the most preferred pollutants by the World Dank, the
OECD, as well as numcrous olhdr national and inlernational authorlies (o investipate
and 1o report air quality at least bwo reasens (Bemauer & Koubi, 2009 1358). The
Tormer, sullor emmgsions have been one vamable for which there 1s evidence that
theres 1s an ioverted U-ghape EEC. Therefore, it 1s of muin interest of resesrchers o
examine this variable in a study of the possible downward bias of existing estimates.
In addition, simualtaneity issues might be less important than they might be for ofher
variables (C0O: and deforestation), Mercover, sulfur could be removed using “end of
pipe’ technologies and substitution away from coal or high-sulfur coal is far casicr
than substilubion away Fom fossil [ucls in pencral. Furthicrmore, changes inosulfun
crassions are loss lkely Lo doive GDP growth than sre changes 1o other vanables
{enerey use and COo) {Stem & Common, 2001 163-164). The latter, 30215 one of
the so-called “crleria”™ air pollutants (Le. carbon monoxide, nitrogen oxide. ozone,
particulate matter and lead) for which there are federal air quality standards 1o protool

public health and welfare,

A second requirement, 50z is the most prominent form of air pollution
worldwide, since it has direct and wisible effects on human health, ecosvsiems. and
the economy (Bernaner & Koubi, 20041358}, Omissiens of 50 to the atmosphcre
have become ane of the main concerns at a variety of spatial scales. For instance. the
healtl ol houscholds is threatened wherever codl 1s bumed i the home for domestic
cooking and heating, urhan populations are at nsk i thoss abes where fossil fuels
are used for power generation and industmal manufacturing, ecosystemns at national
and continental scale are threatened by the deposition of acidic sulfate, and the global

cihimate is influenced by the buildup of sulfate acrosol (Strects cf al., 20040: 44133,
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A third requiternent, 50= hay a unigue charsclenistic, which can be contolled,
if govermnents ntend to, through chanping the technigues of production, tougher
envitonmental policy and regulation. While some sulfur dioxide s eomitted by natoral
sources, such as voleanoes and decaving organie matter, it is pamanly produced
from anthropogenic activities, such as industrial production and fugl combustion,
notably ail and coal (Bernaver & Koubi, 2009: 1338). Il implies thal the 80, emission
inventory can be seen as a proxy of ceonomic growth, that is, the cmiission cificiency
ol SC: may depend on the economis stage of development (Kawamolo ¢ al., 2004
354). For example. in industrialized nations 50z 1s produced mainly from electricity
generation and the smelting of non-ferrous ores, but in the case of developing nations
it s prmarily emitted fTom the burming of dissel fusl and home heating. Statistical
evidence has shown that SCb emissions could be curtailed by reducing constmmption
of fossil fuels (particularly high-sulfur coal), by the installation of better end of pipe
(EOF) abatement technalogy incloding the use of smoke-scrubbing equipment in
power plants and smokestacks, by reducing the solfur content of fossil fuel and by

vising energy ciliciency (Bomaocr & Koubi, 2009: 1358).

Although a variety of emission reduction measures are readily available and
effective (Bernaner & Koubi, Z2009: 1358), there is 3 cost associated with the 8O-
abatemeont cifort, and the cost structure vanes across fimms and mdustries (Li et al,
2015: 453). For instance, in 1920, the US Environmental Protection Agency (EPA)
estimated the cost of implementing the Acid Rain Program at $45.1 billion: in PHEE,
the Electric Power Research Institute (EPRI), which is an industry organization, and
Resources for the Fulure (RFF), which 15 an independent (hink tank, cstunated that
total implementation costs would be $1.7 and $1.1 tullion respectively {Chan et al..
2012, 5-7). However, marginal abalement costs for 30 are much lower loday than
wire cstimated in the 19902, 'The typical unit’s marginal abalemen! cost lunclion is
lowered by almost $530 dollars per ton of 8Os due to rechnical improvements such as
advances in the ability to turn low-malfur coal at existing generators, as well as
improvements in overall penerating efficiency. In-addition, the dechine in fuel costs
lowered marginal abatement cosls by aboul 5200 per ten (Carlson, Burtray . Cropper
& Palmer, 200); 1293-1204),
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The benefits of curbing SOz embody the aveided health and environmental
damages of S0} emissions (Wang & Corbett, 2007: 582). For instance, Chen et al.
(2002) showed significant health benefits between $540 and $887 million per year
from energy efficiency improvements and the expanded use of nafural gas to replace
coial comsumption in the city (L1 el al., 2004: 30), Burlraw and Torman (1998) found
that reductions In premature mortality alone typieally account for 75 to 85 percent of
economic sstimates of the benefits of Improved air guality. Reduced morhbidity
accounts Tor a much smaller fraction despite being sigmificant. For example, both
Burtraw et al, (1998} and USERA (18596 found that reduced morbidity accounted for
roughly 3 percent of the benefit from reducing sulfar dioxide emissions (Willlams
I, 2003: 325). Moreover, Wang and Corbett (2007) found that net benclits of
curbring 500 emissions from cargo ships in the US West Coast waters range betweon
$98 million and 5284 million, annually; the benefit-cost ratio varies between 1.8 and

336, depending en the size of the control area and the sullur content it

A fourth requirament, availability of data that is commensurable lor a large
number of nations and over long time periods 18 & major problem in this bype of
research. Dala lop 50y cmissions i3 more reliable han data Tor other [orme of air
pollutants. and il 13 also available [or a rather larpe number of nations since 1850,
The same criteria as for COzappliss to SO as well: Data with similar properties is
not available for most other air pollutants, for instance, carbon monoxide (CO}.
nitragen oxide (N2}, azone (), particalate matter (PM .o and PMas) and 1gad (Phi.
I addition, it is not employed composite envirommental quality indices. such as the
Environmental Performance Index (EFL) and Envirommental Sustamability Index
{ESI) as well as the various indices for anthropegenic Beological Footprint (EF) in
this thesis, since they are available only for very few (most recent) vears and wsually
combine ecalogical and environmental policy components whereas this thesis seeks

1z study the effects of polibeal varmables on ecological oulcomes.
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2.2, Thegretical Considerations

For clanty, the causes of environmental degradation are grouped mto bwo

main categories: economic and governance factors.

2.2.1. Economic Faclors

One of the most robust determinants of both global warming and air pellution
15 econmmnic development measured by real per capita GDP based on purchasing
powaer patity (PPP). & central argument is thal greater ceonomic developmeant might
hurt the tatoral environment, but this relationship 18 just parily true, Adapted frony
Kumels” (1955} original study on the impacts of economic development on income
inequality, the Environmental Kuznets Curve (BKO) hypothesis postulates that
envirpnmental quality first dechines {raditionally measured by arise in pollution} in
response to economic development, and improves (pollution levels fa/l) only after
per capita income surpasses a critical threshold. This combination of falling then
nsing envirormnental quality (as measured by pollution sutput) produces an inverted
‘L) shaped curve during the course of economic growth and resulting devclopment
(Caviglia-Harms ot al., 2009: 1 142-1150).

Fram the theoretical point of view, several logtes have been formulated in
order 1o explain the FKC hypothesis: (i) it can be that (he pattern rellecis the naboral
progression of economic developrnent, from clean agranan ceonormics to polluing
industiial economes and finzlly (0 clean service econonties; (i) poliution involves
externalitiss and appropnately intomalizing those externalities requires relatively
advanced institutions for collective decision-making that may only be implementable
i1 developed ecomomies; (iil) threshold effects: al low levels of econamic activity,
pollution may be unreeulated entirely or regulation may have little impact on the
profitability of abatement (pollution mcreases with income}, but after some threshold
has been reached, policy starts to bind {pollution declines with income); (iv) there

exist increasing returns to abatement (Femdndez el al.. 2012: 1700),
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Research on the validity, application, and measurement of the Environmental
Kuznets Curye (EKC) has been prolific. If the Envirommental Kuznets Curve (EKC)
is valid and “panacea™ for all types of environmental degradation, then sufficient
economic development alone will solve environmental issues in both developed and
underdeveloped nations {Cavighia-Harns ¢l al.. Z2009: 1149). Thus, a large numbier of
cconometne stodics have beon made o test the cmerpence of the EKC na wide
varety of income-based covivonmental degradation. Typically, mosl of such sludiss

tound three possible seenanos {see Fig, 13) (Buchn & Farzanegan, 2013: 106):

»  Monotonically decreasing: the economy is in situation A if the estimated
cocllicient of real GDF por capita is negalive and stalistically significanl whilc
the coctlicient of the squared term 1s not;

¢ Inveried-U5 the coonotmy 18 10 siluation B 1l the coclOaont of real GIP per capita
18 posiltve and stadstically significant and rcal GDP por capila squared 1s
sigmificantly negative:

= Monotonicallv fncreasing: the economy is in situation C if the coefficient of real
GDF per capita 18 positive and statistically significant, and also the cocllicient of

the squared (erm 1s insignificant,
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Fiz. 15. Environinental Degradation and Economac Development [Sowrce: Bushn &
Farzanegan, 2013, p. 106].
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On (hie other hand, a number of recent theoretical and empirical studies with
respocl o the link bebween cconomic development and emissions have provided
conflicling resulls. depending on he analysis used {cross-coundry or [ime series) and
on the period under exammmaton {Table Al and Table A2 m Appendix suttanarizing
some BEKC-studies that deal with bath COs and 50; emissions, tespectively). They
have argued that the inverted Ushaped EKC is not the most convincing model, gmiven
that the slope or form of the curve might take varions shapss according to the type of
polhutant as well as context of pollation, For instance, De Brayn and Opschoor
{19%7) mbroduced the N-shaped scenario, in which ceonomic growlh gencrales
covirpmmental ameloration imbally, but boyond a cerlain income level, it leads o

more sevare air poellution (Park & Lec, 2011 5343).

Gesides the conventional EKC and the N-shaped scenarios, Dasgupta et al.
(2002) introduced three more scenarios: first, the worst-case seenario, in which the
incessant increase in pollution does not enable environmental improvement: second,
(he ‘race 1o the bollom’ scenano, i which advanced nalions conlitiug 1o mnplamcnl
environmental regulations in ways that are advantageous to themselves, and thirdly,
the tevised scenario of conventional BEKC, in which cilizens’ consciousness and
awareness as well as behavior become eco-friendly exists from the heginning of
industrialization, crealing environmental improvement. These different scenarios are

illusirated in Fig, 16, (Park & Lec, 2011, 5343),
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Fig, 16. Various FKC Scenarios [ Source: Park & lee 2011, p 5843),
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Bascd on (he scenarios explained above, Hypothesis 1 and 2 of this thesis
myestizale whal kind of relationship cxists between global warming and air pallution
caused by CO:, 802 and economic growth To lest these hypotheses, it is included
the level, squared as well as cuble fransfonmations of (the log of) real GIDF per capita
{(LGDPPCPPP, LGDPPOPPP?, LGDPPCYPPPY). This is because testing the EKC
hypothesis requirss including the real GDP per capita, its squared term and its eubic

term in the empirical specification,

The varisble LGDPPC EPP? refors 1o the case of a national economy that
follows an inverted U-shaps pattem I the cocllicienl of rcal GI2P per capita is
pusitive and statistcally sigmficant and real GDP per capila squared i signilican(ly
negative, the inverted U-shape is verified. While the variable LGDPPC'PPP? refers
to the case of a national economy that follows an N-shape pattemn I the coefficient
of real GDP per capita is positive and statistically significant and real GOP per capita
squared is significantly negative as well as real GI)P per capita cubic is significantly
positive, the W-shape is venified. The souree of réal per capila GDP data is the World
Bank (2015}

Hypothesis 1: Emissions of CO; and SO will have a statistically significant
relationship with real per capila GDP, showing an inverted U-shaped curve. celeris

paribus.

Hypothesis 2: Further, emissions of C'0zand SOz will have a statistically significant

relationship with real per capita GDP, showing an N-shaped curve, ceteris paribus,

In order 1o mitigate the omitted variables biases in the earlier FKC studies,
subsequent studics on the environment-grow th/development nexus have incorporated
other factors (other than per-capita income) thal may influence environmental quality
(Lietal, 2016 139).



A commmonly expressed view 12 (hat the sttuclure of the econamy might help
caplon the level of emssions and ar qualily (Buchn & Fateancgan, 2013 108)
banufactunng and industnal processes all combine to produce large amounts of COy
and S0k at lesst two reasony the former, many manufachring eilides direclly use
fossil fuels to create hear and steam which is needed at varions stages of production.
The latter, their energy intensive activities use more electricity than any other sector
so unless they are using renewalile sources the ensrgy that they use is responsible for
excessive amaounts of crussions as well, Industrial production means mamifacoring,
comstruetion, mining, and agnculture. Manufacturing 12 the largest of the Goor and
van be divided inte five main catesonies, 1.4, paper, food, potroleutn telincaics,
chemicals, and metaliminers] products. All 1o all, these categonies aecount for the
vast majonty of the energy use and emissions by the sector (Hassan ol al., 2015 58).
These arguments set up the third testable hypothesis. To test the emvironmental
implications of the structure of the economy, it is nsed the industry’s value added to
GDP (INDUS). The source of the industiv’s value added to GDP data is the World
Bank (2015).

Hypothesis 3: A higher share of the industrial sector to GDP inereases global

warming and air polhation, ceteris paribus.

Bestde: the deges of industrishization, the composion of a2 nalion’s
glectrical power supply might play an important tole m the quality of environment
{Buchr & Farzanegan, 7013: 107). This may be seen as a double-edged weapon: On
one hand, nalions Iry (0 creale order in the economic system; on the ather hand, they
creale unintentionally disorder in the nature. although this disorder can be in the sun
or space rather than on Earth (Mudakkar ¢ al., 2013: 58] For instance, as nafions
develop and advance, they typically experience a significant expansion in their
production and consumption of electricity due 1o vital role of electricity in modern
economie activity (Burke, 2010: 616}, Thus. a higher share of electricity produced
from coal sources would on averapge mersase emissions (Buehn & Farzanegan, 2013;
107).
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Sustamned osing per capia incomg of the sort associated with econormic
development. however. cnables several environimental strategies and policies which
underscore the necessity for a clean and efficient energy supply. These policies mim
to transform the cumrent energy svstem inlo a sustainable and low-carbon system,
which will take into consideration far-reaching implications on how o produce
energy, e to the raised environmental awareness and consciousness as well as eco-
fricndly behavior of the role playad by energy in our suciety, it is imperative to Lind
clfeclive wavs Tor assessing the environmental effect of the technologics available
for elecimaty generation 1 order 10 move towards an envirenmentally fiiendly

electricity mmx (i.€.. eco-friendly mix) (Eweriowska etal. 2016: 13).

Hlectricity supply mix, is the bundle of sources used in generaling electricity,
has recently received increasing public attention for not only the role il plays n
cnvitonmental quality but @lso in sustainability. Nuclear and rencwable onergy
sources have become promising alternatives to reduce the dependence on tosail fucls
in the last decade (Ewertowska el al. 2016: 13}, They should be promoted in every
stage of economnic development at least [our [acls: The first. they have nmch less
anvironmental impact compared to other sources ol cnergy sinee there is no any
energy sources with zero envirommental impact. The sceond, there are a variety of
choices available in practice that a shift to renewable sources could provide a far
cleaner energy system than would be feasible by tightening controls on conventional
energy. Thethird, they cannol be depleted unlike fossil fuel and wranium resources.
As lone as they are used wisely n appropraie and efficient applications, they can
provide reliable and sustainable supply energy almoest indefimtely, The [ounth. they
{avot power system decentralization and locally applicable selutions more or less
independent of the national network, and thereby enhancing the flexibility ol the
systern and the econothic power supply to small isclated settlements (Dincer, 2000:

172-174).
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Bascd onthe eones explained above, hypothesis 4 of this thesis investigates
whal kind of relationship exists between slobal warming and air pellution caused by
clecticaly supply fom different sources (coal and nuclear and altemative energy
spurces). To test this hypothesis, in line with Buehn and Farzanegan (2013}, it is
utilized the share of electricity production from coal sources (hard and lignite-brown
coal and derived fuels Tike patent fuel, coke oven coke. gas coke, coke oven pas, and
blast furnace gas) in total eleciricity production (COAL ENERGY) and the share of
alternative and maclear energy sources (hydropower, peothermal, golar power, among
others) wilh respect 1o total energy use (ALTERNATIVE ENERGTY). The source of
both data is the World Bank {20157,

Hypothesis 4: A high share of electricity supply from coal sources leads to more
emissions, while a high share of electricity supply lrom allernative cnorpy sources

leads to less emission, celeris paribus,

When regarding the artributes of the underlying industry a proxy of efficiency
is of great importance. The World Barnk measurss energy efficiency by the GDP per
unit of energy use (GDPlenergy use), Accounting for other characteristics of an
coonomy, this inlends Lo proxy for the level of efficiency in the production process. It
15 assumed (hat nations should be able to achieve this conditioning in a sufficient
way through implementing economic and political factors. It is primarily a technical
and histonical process caused by stock turnover where old equipment is replaced by
new wpgraded more efficient ones TLis indeed s by-product ol some social objectives
like productivity, comfor!, moneclary savings. [ucl competition (Hemng, 2006; 111
Increasing enctey ellicicney allows using enorey more econormcally. which in tarn
decreases cymissions, all other things bemng equal. Therefore, it can be took energy
efficiency as a conditional variable to discover the influence on the shape ol both the

COz and SO Kuznets curve, On the basis, Hvpothesis HS is proposed:

Hypothesis 5: Energy efficiency changes the shape of the FKC: a higher level of

energy efficiency flattens the decreasing portion of the curve, ceteris paribus.
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Z2.2.2, Governance Faciors

Several arguments and counter argumncnls blur the elleet of the damoctacy on
covirotmental polilics and chvirommental qualily. Some of the arpuments suggest
that there is a posilive conclalion between democraey and enviromnental guality. &
central arpumient 13 that many [omms of environmental depradation gain the few, but
also harm the many, As lone as elites tend to gain from envivommental degradation,
while the costs are spread throughout the public, the sharing of power that appears in
democratic regimes could act to curb the degrading activities of the few, Other

significant reasons behind this positive correlation inclade (Winslow, 2005: 772):

{1} The accountability of leaders, which tnales it difficult for them to personally gain

[rom environimenlal degradalion;

{2) Public involvement in policy making, which increases the Tikelihood of

environmentzl issnes being identified and resolved;

(3) Access to infarmation, allowing for public (o be more aware ol environmental

problems,

(4) the presence of non-govenumental prganizations that can work to help inform the
public about environmental problems, can act as watchdogs on public agencies, and

can directly lobby members of govermment:
(5 Theavattability of civil HGeation as & ol lo cnfmrce eoviromnental protection:

{6} Inlcrmational aspeets of danecracy, such as Lhe mteraction of dernocratic nations
in sharing information about environmental prablems and regulatery techniques, the
development of intemnational treaties and regulatory techniques, as well as the

development of international treaiies for global environmental problems.
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In cantrast, authorifarian regimes are relatively less pro-enviromment than
democratic regimes. A central argament is as follows: authoritarian reeimes arc
typically rmuled by small glites that hold a much larger sharc of national income than
most people in a democracy (L1 & Reuveny, 2009; 837), Smce, they vse resowrees of
their respective nation to create personal wealth and to redistibute income from their
populations towards themselves. If the costs of sticter environmental policies are
bhorn disproportionately by the slites, as it would be the case with restrictions on
pelluting industrial activities, while the henefits are uniformly dispersed thronghout
the population, and therclore these elites would have lillle incentive lo adopl and
implement such policies. On the other hand, in domoaacies the median voter, who
decides on public policy, faces lower cosls lrom envirommmenlal policies relatdve to
the sconomic and polilical clite. This makes the adoplion and mplementation of
stricter environmenta) policies morz likely in demperatic regimes (Bemauer, 2009:
1356), Gither significant reasons behind this neeative correlation include {Winslow,

2005: 772y
(a) The lack of acconntability for leaders:

(b} The conceniralion of powor in small chite who might use this power to personally

profil from activitics assoetated with high levels of emvironmental degradation
{c) Restrictions on the free flow of information: and

{d) The need for coercion and Tegitimacy, which in lutn limils long-term investments
in envirommental guality, Buol, us docs not mean that avthertardan regimes will
never (ahe sleps to improve envirommental quality. There are many examples of
authoritarian regimes acting to improve environmental quality. Despite of their great
efforts, authoritarian regites have much worse records on environimenial protection

than dentocratic regimes.



The counter arguments claimed that democracy might nat be the best type of
government in order to protect environmental quality in all circumstances and that
authoritarian regimes mightl be necessary to prevent ecological min (Winslow. 2005:
772). 1t fully daes not necessatily hvpothesize that democracy, as a regime type, is
unable to protect envivonmental guality Father, it might be that certain aspects of
democracy essential to protecting and improving environmental geality are fuling It
might be that where environmental protection breaks dowr, a bieakdown in these
essential processes and functions of democracy can also be recognized For instance,
damocralic systems ¢an be corrupted by, among other things, a lack of mles an
campaign contribitions, and the high costs of being elected. Also, the effectivencss
ol domoccratic decision making has declined due 1o the increasing power of markels

and burcaucracics (Winslow, 2005: TEL).

The most significant reason behind this negative comelation 15 associated with
the following debate; “just as environmental quahiiy 15 not a homogeneous good.,
neither is democracy™. Ienoring cither type of pollutant dogs not produce a sulficient
frammework moorder oo cheele the cliciency of the demecracy, More spocifically,
environmental guality 18 not a homogenous good, and tharehne not all aspects of
envitommental quality are expected to respond equally to the shanng of power telated
to democratic regimes. Some envirenmental problems are more likely than others to
be controlled in & democracy due to their different characteristics (Winslow, 2005;
731, It 15 assumed thal the nature of the pellulant might affect the policy weighis
mven 1o preforences, (hatl 18, the rate al which (he preferred covironmental policy 1s

translated into actual policy (Farzin & Bond, 2006: &)
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One significant characteristics of the TKC hypothesis is the classification of
ihe pallulantz. Tt appears that “pollutants are ¢lassified by their zone of influznce, or
where theit elfcels are felt most direetly ™, In general, a local pollutant would be one
[or which the ellects are Felt near the source of emission, while a global polhutant
would be one for which the effects are Telt fir the nationa] boundanes (Meers, 2000:
1}, Forinstance, many polluting industries, particularly enerov-intensive industries,
produce nmultiple pothutants that create global and local environmental problems.
Particularly, the combustion of fossil fuels not only produces greenhouse gases, but
also produces air pollutants with more localized effects (Silva & Fhu, 2009; 16%),
Typical cxamples of local pollutants are volatile organic compounds, particulate
matter, sullur oxides. and mirous oxides, while tvpical examples of global pollutants

are CFC’s, carbon dioxide and olber grecnhouse gases (GTIGS),

Similarly, one significant characteristics of the demopcracy is to generate
somewhat different putcomes towards the case of global versus local pollutants. On
ane hand, local pollulanis are subject Lo domestic environmental repulations (Silva &
Zhn, 2009 169-170), and morc weights are obvicusly piven 10 abatcment policics
auming at local pollutants at low-inceime levels, This means thal he main sullerers of
these pollutants are the ioner-city, low-income group and (heir damagss becoms
visible in a relatively short period (Tarzin & Bond, 2006: B). The logic is as follows:
the enyironment 15 Ireated as a loxury good, subject to public demand with the help
of the instruments of an advanced markel, During the early stages of development,
covironmmetilal effects make worse (Jorponson & Clack, 2001 227) In (his casc. the
local residents bear all the costs of cleaning up the pollutint or living in a poliuted
environment (Meers, 2000: 1), However, as fortune within these societies changes,
the value the public places on the environment will increase. Social interest starts to
dominate self-interest. The public desire for enhancing quality of life, in large part
exprossed as consumer demand lor ‘eresn’ products and services, pul pressure on
govermments and businesses Lo invest in eco-Iiendly” technologies and commodities

{Jorgenson & Clark, 2011 227).
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Parthy drawing from environmeantal economics, in the case of local pollutants,
the only possible way out of the ecological crisis is by going further into the process
of democratic institations, The forces of governments that are believed to move
human society from its past of environmental degradation to sustainability are the
mshlutions of modemity, meluding markets, industtialism, and techmology. In
developad socisties, dan ‘ecological ralionalily” will {ake place as environmental
coneerns are belter incorporated inly decision-making; and alse ccolopical costy are
weighed along with economic considerations. Thus, envirommnentsl degradation in
tenms of local pollutants, which have immediate and clear effects on the health or
livelihood of many lozal residents. is not seen an inherent characteristics of continnal
economic development (Jorgenson & Clark, 201): 227-228), Techmcally, thers
would be an inverted-U curve, i.e. the notion that Tocal air pollution increases at
imdtial levels of coonemic developnent and reduces allar a wrning poinl of advanced

ceonormic development.

On the other hand, Tess weight might be given to policiss aiming fo mitigale
global air pollutants. That is, pelicies aiming to improve environmental facilitics thal
benefit, and support the lifestyle of, the rich receive less weight, and also this is morc
likely 1o be the case the more democratic is the political regime of a socicly (Farzin
& Bond, 2006: 8). The logic s as follows: global pollutants develop slowly and over
long periods of time with distant, unclear or uncertain effects or that influence fewer
citizens {Winslow. 2005: 78 1), but are responsible for the damage done in the upper
atmosphere, These pollatants are usually related to problems such as increasing
global lemperatures or the preenbouse cllect In this case, the effects are more
indirect, and so the total costs of the polluton would not be felt directly by the local
residents, but shared by all the nations that e affected (Meers, 20000 1-2). Thus, the
functions of covermment will be inefficient to clean up o block emissions which will
sxperience a sustained period of growth, and will be a big challenge to the promise
ol achicving stated inlernational emission reductions larpets as well as 1o the duty
which may need to be fulfilled in the [ulure (Yin et al.. 2015: 98). Techmeally, this
mezn there would be either an Inverted-U curve with a very high tuming poitit or 2

curve that increases withowt a turning point (Meers, 2000: 2).
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Based on the theories explained above, hypothesis 6 of this thesis investigates
what kind of relationship exists between global warming and air pollution caused by
the dimensions of democracy, Following Winslow’s ling of argumentation, in view
af the arguments {i)-{it) noled sbove. on the contrary fo the authoritarian regimes,
demmocratic tegimes may have short planmng honzons due to-polical myvopma Tlos
unplies that they are unable to solve many fooms of envirommental degradaton that
develop slowly and over long periods of time (i.e, chimate changs, biodiversity, air
and water pollution) Therefors, the soctal costs of current economic behavior and
political choices often materialize over the long tenm and burden fupre generations
and futare politicians, Democracies may worsen environmental quality relative to
aufthoritarian regimes where political leaders do not face frequent re-election as well
ag can take, it they wish Lo, more costly decisions (stricter environmental reculaton
and policies) with longer-term benefits without fear of been punished by myvopic

voters. These argumnents set up the sixth testable hypothesis:

Hypothesis 6: Mare demoacratic nations increase the level of global warming and air

pollution. celetis paribus,

Although democracy is a heavily debated concept, it is not an easy variable to
measure, There exist three widely utilized democracy indices for measring levels of
democracy of a nation: the Polity index (developed by the Integrated Network for
mocietal Conflict Research of (he University of Marvland; Marshall and Jappers
2002}, the Freedom House Index (20007, and the Vanhanen Index (2003). Each index
Teprasents every year an annual democracy score for a nanon. The three indices share
two common charactenstics: the first, they are limited to 2 procedural understanding
of democracy, and do not mark more substantial interpretations of democracy, i.g.
deliberative democracy; the second, they assume (hal democracy can and should be
recorded 1n calepones or even metrically, tather than dichotomously (Buitenzorgy &
Mol 2011: 61-62).

21



Following You el al, (20135). 1t is used the indicator that is taken direcily from
the Polity TV databasc, mainlained by the University of Maryland and the George
MMagon Univearsity, The vanable employed is the agprepate mdicator of damocracy
from the Polily IV dalabasc (Polily2) Thig variable caplures (he regime authonly
spectrum onca 2 l-point scale ranging from -10 (fully non-democratic) to +10 (fully
democratic). Munck and Verlnlen (2002} presented a comprehensive summary of
democracy measure. They argued that all available indices for democracy have
substantial drawhacks in conceptualization, measurement. and aggregation. Of these
indicators, the Polity IV variable has betiar inlercoder reliability, clearet and delailed
coding rules, Similarly, Bullenzorgy and Mol (20110 arpued that the Polity IV index
has been one ol the mwosl compichensive mdexcs. Morcover, e Polily IV inidex has
been cmploved 10 nearly every sludy of the eflecls of domocrasy on cnviromomental
guality, and thus provides a usetul benchmark for the global wamming model 1 this

thesis (You et al |, 2015 198).

As a test [or robustness, an allcenalive mcasure of domoeracy 18 wsed for air
pollution model. This indicator 18 the Freedom House Pohtical Rights Index and
Civil Libertics Index, published by the Freedom House since 1973, which mates every
nation of the world on a 1-7 scale for level of political freedom and level of civil
liberties, where | indicatgs the highest degree of freedom and 7 the lowest degree of
freedom (Winslow, 2005; 774), Fellowing You et al, (2005), 1t 15 used a simple sum
af these two indices as a proxy lor the aggrepate demacracy level Total ratings ranpe
from 2 (o 14, 2 baing the most democratic and 14 bang the least (Winslow, 2005:
774). The FH measure has been used either as a primary measure or as a robustness
check on any other measure used as the pringipal measure in nearly every siudy of
the effects of democracy an enviranmental quality, and therefore provides a useful

benchmark for the air polhation model in this thesis (You et al., 2015 198).
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Bascd on EKC theory, it 15 assurmed that there might be an inverted U-shaped
ridalionship belween economic development and both COq and 80z emissions: five
condilional variables including, coal and altemative (non-fossil) sources of elecmcity
production, energy efficiency, the industry share in GDP, and govemnance factors,
exert a moderating effect on this relationship. The worldwide nations are facing up to
the rapid economic growth, industrialization and urbamization process with rigid
demand for energy. In a faitly long period of time, ecanomic growth will romain
highly dependent on cozl-dominated energy consumption and production struciurs
particylarly. COg emissions may alse expeneance sustained srowth over a long period
alterwards, With incressing levels of economic development, the needs for clean
crvvirormment of the residents will be growing. Both the national and intemational
sovernments will alse comtinue to carry out the adjustment of economic structure, to
optimize and upgrade the industrial stuchure, to adopt new technologies to improve
energy efficiency, as well as to develop new energy sources and alternative cnergy o
optimize the energy consumption and production stucture, These initiatives will help
to reduce both CO2 and SO: emissions, In short, to reflect the inlluence of thicge
variables on both low carbon and low sulfur development, the following conceptual

maodels are developed (see Fig. 17):

b o GDP q- Altemative
Eunergy

I ustry
CO/R0
Emissions
Llectricity | ,f"l
(o coal !
.'fl
{
I|II
! i
Cwernance |/ LEnergy
Factors Efficiency

Fig, 17. Conceptual Model for Inverted U-Shaped Trajectory [Sowrce: Own
claboration based on environmental Hterature).
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(On the other hand, such inverted-U relationships may not hold 1n the long
min. For instance, Pezzey (1989) and Opschoor (1990) introduced a so-called “N-
shaped” curve which exhibits the same patlern as the inverted-bl curve imitially, but
beyond 2 certain income level the relationship between environmental degradation
and meome becomes positive again. Thus, delinking 15 thought 1o be a temporary
phénomenon. The logic is as follows: once technological efficieney improvements in
resoutce use or abalement opportunities are exhausted or become loo expensive,
further income growlh will resull in net envivonmental degradation (De Bruyn et al..
199%: 163). In short, to reflect the inllucnce of these variables on both low carbon
and Tow sulfur development, the fellowmg conceprual models are developed (sec

Fig. 18):
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Fig. 18. Conceptual Model for N-Shaped Trajectory [Source Own elaboration based
on cryvironmental literamre|.
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CHAFTER 3

EMPIRICAL METHODOLOGY

3.1, Data and Variables

This thesis bopins the analyvsis’ by estimating the EKD for C0: and S0»
emissions for anneal data covering 119 nations from 1990-2011 and covening 118
nations from 1990-2005, respectively. Table B) and 132 in appendix st the nations
and sample period eluded These datz are utilized for the panel data analysis, o
achieve the previeusly mentioned goals of this thesis: a panel model is established,
defiming firstly the dependent variable as a nation’s carbon dioxide emissions (global
pollatant] as an indicator of global warming and sulfir diexide emissions (local

polhatant) as an indicator of air pollution.

The first dependent variable, which is an emission of CO; that is a “global
pallutant” frequently analyzed due to its suitable characteristics; it 8 & by-product of
energy consumption with strong global clfects. available abatement technologies,
and different regulations across nations. A decper investipation of €03 emissions
coniributes tooa better understanding of two main environmenral issues: greenhouse
vas ellect and clobal climate change that poses scrious threats to the rewon’s
environment, ecological and socio-gconomic systems (Nema et al., 20172: 2330, The
second dependent wvariable, which 15 emissions of 5C: that is a “local polluant”
frequently analyzed duc Lo 118 suitable characteristics; it is a hy-product of coods
production with strong repional effeces. available abaterment technologies, as well as
different regulations across nations {Crether et al, 2010: 714), By the same token, 2
decper investigation of 8Oz emissions contributes to a better understanding of thrce
environmental issues; local air pollution and smoe, acid rain and dry deposition, as

well as global climate chanpc (Stern, 2006: 207).
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COy is eenerally defined as a linear function of Tossil [uel combustion and
cement manuficturing, The amount of carbon dicxide emissions i@ determined by the
use ol lossl luels as a leedback and the chemical composition of the fuel source.
That ig, each of fossil fuels is weighred by its corresponding comversion ralio, which
is determined by the chemical propertics of the fucl, In turn, the sum of the weighted
(otal [uel consumplion vields an estimate of COk emissions. This estimate of CCh
cmissions, based on ensrgy consumpton, is (requenily used as proxy lor actual
emissions (L.e., il s used by the World Bank™s World Development Indicators and
the Carbon Dioxide Information Analysis Center within the 1.8 Department of
Hrergy), since carbon dioxide enassions are highly related to encrgy consumption
{(Zhao el al, 20014: 3), Fig. 19 shows annual estimates for the global and regional

anthropogenic carbon dioxide emissions metric lons per capila rom 1990 10 2011,

Global Anthropogenic Carbon Dioxide Emissions
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Fig. 12. Global Carbon Dioxide Emissions Metric Tons Per Capita by Bsgion
[Source: Own elaboration based on World Bank Data]
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50 15 the predommmt- snthropogeme sullur-contaimng air pollutant {(Speudel
¢t al., 2007: 2427) with coal and crude oil deposits commonly containing 1-2% sulfur
by weight (Smith et al., 2001 1107} Smith et al (2011 provided annual estimates
of anthropogenic global and regional sullur dioxade crmssions spanmnug the period
[850-2005 by using s bontorr-up mass balance method, calibrated to country-level
inventary data |talso ingludes emissions by nation and by source catssory {coal,
petoleun, Womass combustion, smelting, tuel processing, and other processes), This
data set is developed at the Pacific Northwest National Laboratory (PNNL) and the
maps are produced at the Center for hiternational Earth Science Inlommation Networl
(CIESIN). The data and maps created using the data set are distributed by CIESIN at
Columbia University, Fig. 20 shows annual estimates for the global and regional

anthropogenic sullur dioxide emissions metric tons par capita from 1990 1o 2005,

Global Anthropogenic Sulfur Dioxide Emissions
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Fig, 20, Global Sulfur Dioxide Emissions Metric 'l'ons Per Capita by Region
| Source: Own elaboration based on CTESTN Data]
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Drawing on the aforementioned general theorchical foundations, the empirical
setup formally investigates the determinants ol cmissions, where carbon dioxide
ammissions per capita (COzpe) and sulfur dioxide enmssions per capita (S0:pe) capture
pollution in the fth nation, I (s contcxl, a nallon™s emmssions are a [unchon of two
main factors: (1} economic: (i) the level of economic activity represented by real per
capila GDF. (i1} the structure of the economy measured by the industry sector's share
it GDF; t11) the energy mix meagured by the ratio of alternative and nuclear cncrpy
to total energy use and the ratio of coal sources in total glectricity production; (1v)
energy efficiency measured by lag of GDP por unil of energy use: (2) governance
measured by the difference hetween the sub-indexes for demoaacy and autocracy
(pelity2). or alternatively measured by the sum of the Freedom House Political
Rights and Civil Libertics Indices {Fecdom). Thereforve, the explanatory variables are

consisient with environmental economics literature (see Fig 21),
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Fig. 21. Paih Daagrams of the Global Warming and Aiwr Pollution Indicators
{Basehne Specification) [Source: Own elaboration based on emviromimental
lLiterature)
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Based on lhese explanations, indicators of global warming (C0O2) and air
pollution (S0:) are modeled as 8 function of log of real gross domestic product per
capila. the structure of the economy, electricity from coal seources and alternative
ciieriy. enerpy efficiency, the difference hetween the sub-indexes for democracy and
autocracy, or alternarively the sum of the Freedom House Political Rights and Civil
Liberties Indices. In order to investigate the most convincing model of BEKC between
the invertad U-shaped scenario and the N-shaped scenario, this thesis builds two

specifications as follows:

Specification

Emissiuns OO
= [[Im(RCDPPCPPRY(+), {RGDPPCPERYE(-), n(energy_ef ficiency)(—),
alternative_energy (=), coal_energy (+), indus{(+), polity? (+7]

Specification 1h:

Emissions C0;

= f[In{RGOPFCPPEY ), In(RGDPPCPPPY(—), In{RCDPPCPPEY(—),
In(energy_efficiency)(—), elternutive_energy (—) coal_energy (+), indus (+),
polity2 (+]].

Specification 2a:

Emissions 5C,
= [[(RGDPPCPPPY), In(RGDPPCPPRYA( ), In(energy. el ficiency)(—),
eiternative_energy (—), coal_energy (), freedom (1), indus (43|,

Specification 2b:

Emissions 50,

= Fin(RGDPPCPEPEY(4), In{RGODPPCEPPY (=), In(RGDPPCPEN (=),
infenergy_ef fictency}(—), alternative_energy (- ), coal_energy (+), freedom (+),
iridus (+]]- '
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The 1.1a and 1.2b equatons are the pansl models that contain the fixed
country and time effect, while the 2.1a and 2.2b equations are the GMM equations,
which are sigmificantly o dynamic panel eguation that eontain dynamic effects
(LC Oy 1), country-fixed effects (), time-fixed effects () and an emor term (g). ¢
reprezents the time peried ¢ (1990-2011}, and { is the ¢ross seclion (119 nations). The
B ... S represent the slope coeflicients, o is (he constant, and ¢ 15 the error term.

LCOyy1s (he log of carbon dionide crissions in mciiie 100s par capla.

Fguation 1.

L0 = fiyIrgdppepppi + fllrgdppepppl
+ Bilenargy_ef ficiency, + f.alternative energy:
+ focoul_energyy + Beindus, + Fpolitv?, +v, + & + e

Equation L2

LCOye = fiybrgdppepppye + falrgdppeppp b + falrgdppeppps,
+ Bylenergy ef ficlency,; + f.alternative_ener gy,
+ Bocowl_energyy + rindus;, + BgpolityZ, v + 3 + 2

Egaation 2.1a:

L0y = Prlrgdppepppie + Balrgdppeppp | + falenergy_ef ficiency,
+ fiyalternative_energy;, + fscoal_energy;, + fi;indus,
- ﬁ?Pﬂilt}’z st {ILEDZ(&_ 1 -t - Gt -+ Ej¢

Fguwtion 2.25:

LEOy,, = Bylrgdppepppy + Balrgdppcppp |, + Balrgdppeppp};
+ filenergy_ef ficiency;, + Bealiernative_energy;;
+ fgcoal_energy; & frindusic A [lypolityZe+alCOup—n +
+ 4t ey

S0



The 1.3a and L4b equations are the panel madels that contain the fixed
country and timne effect, while the 2.3a and 2.4h equations are the GMM equations,
which are significantly a dynamc panel equation that contain dynamic effects
(LS50 ¢}, comtry-fixed alltets (v), tme-fixed effects (€) and an error term {g), ¢
represents the time period ¢ (1990-2005], and { is the cross section (118 nations). The
TP, 1; represent the slope coefficients, « is the constant, and £ 18 the error torm.

L5012 the Tog of sutfur dioxide emissions in memic tons per capita

Equation 1.3

150 = frilrgdppeppp.: + B2 tradppeppp;
+ Balenergy ef ficiencyy + Bialternative_energvy
| fi-coal_energyv; + fafreedom;, + S-indus,; +u; +4; +5y

Eguation 1.4h:

; _ z
1802 = Pyirgdppepppy + Balrygdppeppp , + Palrgdppepppl
+ Bylenergy_ef [iviency;, + Pealternative_energyy
+ Pgcoal_energy, + frfreedomy, + fyindusy +v; + G + 6,

Egnution 2.3m:

LS50,y = B irgdppeppp + Balrgdppeppp
+ Brlenergy_ef ficiency;, + foalternafive_energyy
+ fiscoal_energy;, + Bgfreedomy + Brindus,+alS0;, 5 + v
G off TTIE o5 -1

Eiuation 2.4h:

180 = frlrgdppoppps + Balvgdppeopp |, + Balrgdppcppp:
+ Bylenergy ef ficiency;, + Boalternative energyvy,
+ Bocoal_energy 1 fifreedomy, + Byindus; +al S0y, 4y + 1
+ i+ e
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The variables 10 use

gurmnniarized in Table 3.

Table 3, Lizt of Vanables and Their Sources.

including expected sign and data source — are

Yariable Expected  Descripfion Rource
Sign

LR Log of COs emissions 1n W1 (2015)
metic tons per capita

L5{LPC Log of 80 emissions in SLELAC (ML)
MCTE tons [T capiti

L{:DPPCPRP + Log of real GLRP per capila WL (2015
{constant 2011 inrematicnal §

) 1P

LGDPPCRPER - Squared log of real GBI per WL (2013)
capita

1.GDPPCPPP? + Cubic log of real GDP per WO (2015)
capita

IENERLFY BEFFICIENCY - Log of GDP per umicof WDI2013)
energy use (constant 2011
PP § per kg of oil
equivalent)

ALTERNWATIVE ENERGY - Alternative and nuclcar W (201 5)
encrgy (% of wial)

COAL ENUERGY + Electricity production fiom W (2015)
coal zources (% of total)

FEEEDOM + Sum of the Freedom House lreedoum
Political Rizhts and Civil House (2016}
Liberties Indices

INDLUE -+ Industry value added (% of WD (2015)
GDT)

FOLITY2 + The difTerence betwesn the Marshall and

sub-indexes Tor demacracy
and autorracy

*This thesis uses yearly observations for 119 nations for the period 1990-2011 for L(fa-p C

G (2{kL4

and alzo uses yeoarly abservations for 118 nations for the ponoed 193902005 for 180000,



3.2, Modeling Stratesy

As cited previously, the econometric technique utilized plays a key role in
finding fwrning points and designing the proper policy implications (Park & [eeg,
201 1; 5844), The particular interest in this regard is whether the estimated mrning
point is economically meaningtul or just a siatistical artifact. If this turning point is
too ligh it would represent that the EXC-relationship is only a statistical artifact and
not recommendable to wait (Lamla, 2009: 140), Thus, this thesis atternpts to analvze
the panel data using thres models, 2 fxed effects model, o tandom effects madel, and
a generalized method of moments (GMM) model which have different assumptions
on intercept and slope. The estimation of the models for both COo and 5033 are

contpleted by BVIEWS &

The fixed and random effects models are based on the sssumption that the
intercept {an individual effect) vares in every nation (Park & Lee, 2011: 5844). On
the one hand, the fixed effects model portions of specifications are controlled using
orthogonal forecasts. These forecasts of projections remove the specific means from
the cross-sections and the period from the dependent variables and the exogenous
reprcssors and therchy viilizing (he quantified repression weing the demcaned data
{Al-mulali el al., 2015 317). Thal 18 to say, the Oxed effects model assumes time-
independent effects for each entities and natony the need for controlling unobserved
heterpgeneity when it 15 constant over time (Park & Lee, 2011 5844). The advantage
of using the fixed effecis model is that it can eliminate the bias problems aiising from
the omitled variables that do not change over time. On the other hand, the tandom
ellects medel assumes thal (he equi