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The Demographic Transition and the Ecological Transition:
Enriching the Environmental Kuznets Curve Hypothesis

1. Introduction

A well known view holds that Sustainable Developmisnguaranteed by a flow of
services generated by a stock of (physical, humatyral, and social) capital. To guarantee
sustainability that flow of services must not deeliover time, which in turn implies that the
capital stock must be preserved. Because natupgthtaannot be easily substituted with the
other capital types, natural capital itself mudt ahecline. This explains why the quality of the
environment, within which global climate changeaigprominent example, has traditionally
played such an important role in the sustainabiigbate. In general, while progress in
technology has the ability of expanding the capuasis over time, population growth may
exert an increasing negative pressure upon it.ekdhdé could be argued that one of the
fundamental causes of increasing pollution liepapulation growth, in that more people
consume natural resources and dump waste in thieoement. Roughly put, poverty makes

people and people make pollution.

A time-honoured tool that effectively brings togathithe main ingredients of the
environmental problem is the Kaya identity (Kaye®9Q). According to the formula,
emissions (or, more generally, some measure ofr@mwiental degradation) can be
decomposed into the product of four componentsbararintensity, energy intensity, per
capita income, and population. Emissions are aftedty, on the one hand, technological
forces inducing changes in carbon and energy iitesisand socio-economic forces inducing
changes in incomes and population, on the othevelfook at the actual data, one key fact is
that the technological forces do not succeed irettihg the socio-economic forces, so that
emissions in the aggregate grow. This is made appdry the WGIII contribution to the
IPCC AR4, which notes that “the effect on globaligsions of the decrease in global energy
intensity (-33%) during 1970 to 2004 has been sndhan the combined effect of global
income growth (77 %) and global population grow@®%) with the result of increasing
energy-related Cgemissions” (IPCC, 2007).

! Using symbols, and referring to G@missions as our measure of pollution, the Kagatity reads as follows:
CO, = (COJ/E)* (E/Y)* (YIP)*P



Considering the rates of change of the variabléberKaya decomposition we see that
emissions, say of CQcan slow their pace when one or more componeuisce their speed
of growth. The decomposition is instructive in thiit also shows how one critical
sustainability goal is to increase per capita inesnespecially of poor regionseteris
paribus, this is a factor of increase in g@missions. This implies that climate change can be
lessened if the growth of population slows downd &@ntechnological change brings about
energy savings and energy efficiency improvemeagsyell as an increased decarbonisation
of economic systems. These considerations suggesde &or policy. We could try to severe
the link low income — large population by implemegtappropriate birth control measures.
This is admittedly complex a task but it could ptayole at the international bargaining table.
We could also try to modify the relationship betwexer capita income growth and pollution
increase. This could be done with the help of tetdgy leading to an increase of emission

abatement, but also with changes in current motipeoduction and consumption.

Although the Kaya device is very useful in highligiy the link between pollution,
income, technology, and population, it rests onidentity: it is therefore void of any

behavioural or predictive content.

The impact of population growth on the environmisrdn issue that is highly debated
yet comparatively under-researched empirically.sTHe true despite a vast number of
published articles on the link between populatioad anvironmental changes have appeared
within the last few decades (Lutz, Prskawet, andd8eson, 2002). Particularly lacking are
systematic empirical studies comprehensively examinthe population-environment
relationship at the global level. Ever since Ma#thRicardo and Mill, scientists have been
concerned that rising population would deplete adpural and other natural resources and
significantly contribute to environmental degradati(Ehrlich, 1968; Meadows, Meadows,
Zahn, and Milling, 1972). However, this view is ngtared by all. Neo-Malthusians like
Ehrlich and Holdren (1971), Kahn, Brown, and Ma(t€76) and Ehrlich and Ehrlich (1990)
regarded population growth as a significant, if ttee major, factor behind environmental
degradation. Boserup (1965) and later Simon (198B6) argued instead that a rising

whereE stands for energy, income, and® population. More succinctly, hiding the role oleegy and denoting
by CO,/Y the degree of carbonization of an economy we eanmite the above expression as:

CO, = (COIY)* (YIP)*P
Using lowercase letters to denote growth ratesuntaér have:

co; = (colly) +ylp+ p



population needs not lead to more depletion as Ipighulation densities provide fertile
ground for institutional and technological innoeats to overcome any apparent resource
constraint. Commoner, Corr, Stamler (1971) insteadintained that environmental
degradation is not largely due to population growkmally, the so-called cornucopians
regard human ingenuity as the ‘ultimate resourSeice more people mean that problems are
tackled by more brains, a larger population rendeose likely the scientific, technological

and institutional progress necessary to overcorgeapparent environmental problem.

Although the issue can ultimately only be settléedhee empirical level, the above
contributions have been largely speculative. It waly in the mid-1990s that population was
accounted for in the empirical work on the relasioip between environmental

quality/degradation and income.

To analyze the above-mentioned debate, effectisehgmarized in Panayotou (2000),
we can write environmental degradatiB® as a function of populatioR and a vector of
other variables, most notably incorvieso that:

(1) ED=f(P,Y)

The pessimists’ or Neo-Malthusians’ argument ig tha population elasticity is at
least one if not higher, so that an increase irufamn leads to a proportional or more than
proportional increase in environmental degradatibme optimists or cornucopians, on the
other hand, believe that the population elastigitycertainly below one, unlikely to be
statistically different from zero and possibly eveegative. Which perspective is closer to
reality is an empirical question. Empirical studwesich explicitly examine the link between
population and pollution in a systematic quanti&tnanner are very few in number: a partial
list includes Cramer (1998, 2002), Cramer and Cy€2e00), Dietz and Rosa (1994, 1997),
York, Rosa and Dietz (2003), Shi (2003), Cole amdidayer (2006). If we take the function
f to be linear homogenous in its arguments we m@é W in per-capita terms, so that:

(2) ED/P=g(Y/P)



Equation (2) can be recognized as the prototypietionship at the basis of the
“Environmental Kuznets Curve” (EKC) hypothesis (€e&leotti, 2007, among several other
survey papers). If we look at (1) we see that GB® @opulation are the two forces that affect
the level of pollution in the empirical reducedsforrelationship describing the EKC.
However, population does not play an independdetredative to income; indeed the EKC is
invariably stated in per capita terms, to captbeeitiea that two countries with the same GDP
but with different number of inhabitants will nat igeneral produce the same amount of
pollution. From an econometric viewpoint specifyvayiables in per capita terms corrects for
the heteroskedasticity that would arise when dealtive to different countries are considered

at the same time.

Note that, relative to (1), expression (2) in pite contains a testable assumption, as
it imposes linear homogeneity of relationship limki say, emissionsEjf, income ) and
population P). This is the hypothesis the EKC literature hgsdglly made. One stream of
contributions, however, has questioned whethercppita GDP does account for all factors
influencing polluting emissions. These papers haoted that other variables are likely to
play an independent role in the relationship. ExXaspoften made are the share of
manufacturing GDP relative to total GDP, the shafe imports/exports over GDP,
institutional variables, and the like (see, amorapynothers, Panayotou, 2000). Among these
variables sometimes also population or other deapgc variables are included. One way to
assess whether population plays a role in addibancome is to test for homogeneity of (1)
by looking at the statistical significance of thepplation regressor in:

(3) ED/P=h(Y/P,P)

Some EKC studies have included population densitgree of many determinants of
pollution concentrations, but have tended to fincded results: see Grossman and Krueger
(1995), Panayotou (1997), Hilton and Levinson ()998ntz and Feng (2006), and Martinez-
Zarzoso, Bengochea-Morancho and Morales-Lase (20D@g relevant recent example is
Cole and Neumayer (2003). This paper discussesngth the importance of aspects related



to the dynamics of population and the impact on éheironment. In the end the authors
provide estimated results for sulfur and carborxid® emissions of EKC-type relationships.
In particular, they relate emissions to per ca@faP (interestingly enough, the marginal
effect of this variable on emissions does not vamgher with income), to a couple of

variables capturing the composition of output amddveral population-related variables. The
authors find confirmation of the importance of dgmraphic effects for emission levels and
conclude that the treatment of population in EK@lgses ought to be richer than usually
posited in the literature.

While the above study (and the other cited papgejide a useful contribution to the
issue, a further important step can be made inatiaysis of the population-environment
nexus. It is important to recall that the EKC ibygpothesis, a conceptual explanation of the
relationship between income and pollution and adipt®n about the shape of that
relationship. Population in the EKC hypothesis @ tneated like income but it serves, so to
speak, just as a normalizing variable.

As it turns out, however, also for population camfarmulate a hypothetical behavior
of its evolution over time vis-a-vis income, thaincbe accommodated within an EKC
framework. In so doing we obtain a complex relaglap linking pollution levels to GDP and
to population, involving both levels and growthesitWe reinterpret the above contribution
as imposing parametric restrictions in our moreegairelationship which can the be viewed

as an enriched EKC relationship.

2. Ecological Transition and Demographic Transition

According to the EKC hypothesis per-capita pollatigemissions for instance), in
relation with per capita income, goes through d#fé stages. They can be understood by
referring to “incipient” pollution, that is geneeat absent any abatement, and by abatement
brought about by deliberate policies and measuesording to the “Ecological Transition”
(ET) incipient pollution start low from low perqo#a income levels, when the economy is
still in an agricultural phase, but it then growsthe industrial phase and eventually declines
when society is rich and services prevail. In addijtas per capita income increases pollution
abatement increases, because of a greater impertahcenvironmental policies and
technological progress. The actual observed abatemethe difference between incipient



pollution and abatement activities: this implieattper capita pollution relative to per capita
income has an inverted-U shape. This behaviompigdy of Environmental Kuznets Curves.

Another important transition has to do with popwlat According to the theory of the
Demographic Transition (DT) the evolution of popida goes through three phages.
Initially, when income is low and the economy isaipreindustrial state, both birth and death
rates are high: cultural reasons and no birth cbintleasures keep birth rates high while the
plight of people and little progress in medicalescie keep death rates high. Population
growth is consequently low. As incomes grow thaatibn improves. In the second, industrial
phase, while death rates decline birth rates remdially high, so that population growth is
strong. In the final phase, as per capita incomehédr increase, both rates are reduced and
population growth slows down. These (and more stighied) considerations lead to
represent population growth vis-a-vis per capiteoime by means, again, of an inverted-U
shape, like a “Demographic Kuznets Curve” (DKC)e(dgartlett, 1997; Daly and Erlich
1992; Pimentel 1996).

With the exception of Baldwin (1995) none of theidsés mentioned so far has
investigated the nexus pollution, environmental rddgtion, and income within the

conceptual framework of the two transitions: thendgraphic and the ecological ohe.

At this point we may want to examine the two trédoss jointly, also looking at the
current positioning of the world population. Thetad@how that more then 50% of world
population lies in the second phase of the dembggafransition and at a stage of the
ecological transition where per capita incomes sti# low (see Figure 1). From a
sustainability point of view the problem is howtédke most of the world population to higher
income levels without causing deep environmentgratdation. The implications for policy
here are apparent. It remains, however, as a praign step to understand which and how
important the interrelations between the two tréorss are, the implications one has for the

other, possibly adopting a regional perspectivpiclly between rich and poor countries. A

% This theory was originally expounded by the Fredemographer Landry in 1934.

% See An and Jeon (2006) for an empirical study@mabraphic change and economic growth. Aznar-Marque
and Tamarit (2005) instead present an endogenawgtlymodel with pollution and abatement for whitiey
obtain the socially optimal solution. They find ththe rate of growth depends negatively on the teaf
environmental care in utility and positively on thepulation growth rate. In addition, they find rade-off
between growth and environmental quality beyondctvlzin environmental Kuznets curve is derived inlomg
term. This one emerges from the implications of deenographic transition for the rate of populatipowth,
and the accompanying variation in the willingnespay for environmental quality as the economy tgpse



second important aspect to recall is that inveldelBKCs may not hold for all pollutants and
that the evidence in this respect is mixed. Thikldian principle also for the demographic
transition. A third caveat refers to the fact thEds are in general effective ways to
summarize ex-post correlations, but they cannaidesl to draw policy implications such as,
say, unconditional and accelerated economic growtralogous considerations could be

made for unconditional population growth!

The above caveats notwithstanding, it is usefuétexamine on empirical grounds the
nexus between environment, population and income.d& not intend to provide here and
empirical investigation of the DT or of the DKC lotpesis. Rather, we take it for granted and
incorporate it into the EKC framework. We can gasights into the nexus between the

variables under study from such an enriched EK@&timiship.

Because DT is a very long term phenomenon we useloeg historical time series
for which measures of environmental degradation avalable. As it turns out, data for
emissions of carbon dioxide (million metric tonsg available from the Oak Ridge National
Laboratory’'s CDIAC from 1871 through 2005. Thesetadare made available by
ENERDATA together with GDP expressed in PPP 2000ians USD and population in
thousand peopléBecause of the length of the sample the numbeowiitries considered has
to be restricted to 17 OECD nations. These are:chuatry are: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Italgad, Netherlands, New Zealand (data
here start from 1878), Norway, Sweden, Switzerldfid, USA. The examined variables are
expressed in log form and estimation is performedeach country using ordinary least

squares (OLS).

3. The Role of Population in EKC Empirical Analysis

Before incorporating the DT we would like to intigate the role of population in the
standard EKC framework. The general formulationrtstdrom a third order loglinear
expansion of (1):

* Historical data on population and GDP were oritijndeveloped in three books by Maddison (1995,1200
2003). Historical data on carbon dioxide emissiaresfrom Boden, Marland, and Andres (2009).



(4) logE=a,+a,logY +a,(logY)* + a,(logY)® + B, logP + B, (logP)? + B;(log P)°

We allow for a cubic term because there is empiesadence in the literature of N-
shaped EKC relationships for some pollutants. Nloé¢ we ignore interaction terms between
P andY which should in principle be included in (4). Tinaditional EKC specification can be
derived from 4) under the following homogeneity strietions
B =1-a,; B, =-a,,B; =—a,, so that:

(5)  log(E/P)=a,+a,log(Y/P)+a,llog(Y/P)]* +a,[log(Y / P)[’

A test of the homogeneity hypothesis rests upamesing (4) and carrying out a F test of the

above restrictions. Alternatively, one can estin{&leaugmented with a population term, or:

(6) log(E/P) =a, +a,log(Y/P)+a,[log(Y/P)]* + a3[log(Y/ P)]3 + ylogP

and simply test the null hypothesys=0. Cole and Neumayer (2006) propose a relationship

similar to (6):

(7)  logE =a,+a,log(Y/P)+y,logP + y;(logP)?

where we have omitted other demographic variablessidered by the authors. This

formulation can be seen as a special case of 43dwe arbitrary parametric restrictions are
introduced. As a matter of fact, the authors dfad¢ they tried also a square GDP term but it
did not turn out to be significant. In addition,tedhat emissions are not in per capita terms.

The regression actually estimated is in first dédfeces.



In Tables 1 and 2 we start by estimating the st@hdguadratic and cubic
representations of the EKC hypothesis as in (5ait be seen that the cubic income term is
statistically significant for a number of countriéit not all of them (7 cases out of 17). The
relationship appears to be N-shaped for CanadanJ&yew Zealand, Norway, Switzerland,

and the US. In all other cases the evidence isistems with an inverted-U EKC.

The next step is to ask whether the implied hometgnof the relationship is
supported by the data. Tables 3 and 4 presentvideree. It is interesting to note that the
additional population regressor of the estimatedeh¢6) turns out not to be significant only
in a handful of cases: Austria, Canada, France, Reaand, and Sweden. The evidence thus
shows that there is more to population than ingtaedard Environmental Kuznets Curve
formulation. Further investigation of the role obgulation and population growth in the

environment-income nexus is therefore warranted.

4. The Empirical Implications of the Demographic Transition for EKC Analysis

The standard EKC-type relationship in (5) is nowmed with an analytical expression
summarizing the demographic transition. In keepith (5) we generally write the DKC

relationship as follows:

8)  AlogP =4, +d,log(Y/P)+d,[log(Y/P)]? + J,log[log(Y / P)[*

Our simple strategy is to manipulate (8) and studstithe result into (5) in order to obtain an
EKC that accounts for both environmental and degoigjic transitions. To this end solve (8)

for cubic per capita GDP:

9 [log(¥/P)]* = 5;{alogP -, - 4, log(Y / P) - &,[log(¥ / P)]}

Substitute (9) into (5) we get:

10



(10) log(E/P) =6, +6,log(Y/P) + 6, log|(Y/P)]* + ¢ Alog P

We straightforwardly obtain an EKC-type relationshwith emissions and income in per
capita terms but augmented with the rate of pomuagrowth. This is an interesting

empirical implication. Notice that starting formirthorder relationships we have arrived at a
“standard” quadratic formulation for the EKC albatigmented by an additional explanatory

variable. We would expect in generé] >0 and &, <0 while the sign of¢ cannot be

predicted a priori. Indeed, the parametric restnnt underlying (10) show that:

a
(11) leal_dlgs:al_dl¢

3

(12) 6, 202_52%202_52¢
3
=9

(13) 5.

Note that the sign of (13) affects the sign of titeer income coefficients, so that no

coefficient is a priori unambiguously signed.

The DT explanation of the behavior of populatioriotime generated a DKC that has
in principle an inverted-U shape. In fact, therendstheoretical reason why the DKC should
be represented by a third order polynomial. Theigo@bh evidence of the previous section
also shows that we cannot reject the assumptiam afiverted-U shape for G@missions for
a high number of countries. We can therefore lattiéntion to quadratic polynomials both for
(5) and (8) and go through the same analyticalsstepbtain a linear-in-per capita income

relationship:

(14) log(E/P)=6,+6 log(Y/P)+¢AlogP

11



where:

a
(15) 91=0’1—51?2=0'1—51¢

2

=92
(16) ¢= 5,

Here predicting the sign is easier as fagas0 is concerned, but we cannot exclude tHat

be of any sign, although economic sense suggestdé positive.

The relationships (10) and (14) are shown to pmwestable implications that account
for the impact of the demographic transition in #revironmental transition. We therefore
turn to the empirical evidence. Estimated resuitstlie linear model (14) are presented in

Table 5 and for the quadratic model in Table 6.

Both specification lend strong support to the drectversion of the EKC hypothesis,
that is to the idea of empirically accounting fasthb the ecological and the demographic
transitions when analyzing the nexus between enwienmt, income, and population. This is
confirmed by the rate of growth of population teaters as a significant explanatory variable

for all countries in at least one specificatiortaifles 5 and 6.

If we look at the results of the quadratic speaetiign in particular, form Table 6 we
note that the quadratic per capita income terniways significant and negatively signed, as
expected, with exception of New Zealand. The coffit of population growth is generally
positive, as expected. From (16) we see that iftweetransitions can indeed be represented
by inverted-U quadratic relationships, then theffo@ent has to be positive. This is indeed
the case for all countries in Table 5. Less obvisubke case of cubic specifications, although
from (13) we could reasonably expect the cubic sewh EKC and DKC to be similarly
signed. This implies a positive coefficient for ptation growth also in the specification of

Table 6. With the notable exceptions of SwedenthadJ.S. that is precisely what happens.

12



5. Conclusions

Although the role of population is accounted forempirical investigations of the
Environmental Kuznets Curve hypothesis, there isemo it. Population does not merely play
a normalizing role for the income level of a coyntRather, countries undergo over time a
demographic transition as their economic developrpergresses, in a manner similar to the
ecological transition described by the EKC.

Although the discussion of the impact of populatgnowth on the quality of the
environment is not new, Richard Baldwin (1995)'sigint has been to bring together
demographic and environmental transitions withire thnalysis of the nexus between
environment-income-population. It has been on thasis that he could conclude that
economic growth is necessary for sustainability] #rat demographic policies such as birth

control measures can help toward that end.

Baldwin’s policy implications have been based onryvevaluable speculative
considerations. What in a sense was lacking wasststal support. This is what the present
paper has purported to do. We have provided anoaeetnic analysis of Demographic and
Ecological Transitions. Although they could be istigated separately, we have incorporated
the insights from the former into the latter to abtan “enriched” Environmental Kuznets
Curve hypothesis. This specification interestinghows that the rate of population growth
enters as an extra term the standard EKC formulatio

Very long time series (1871-2005) for seventeen DEGuntries in the case of GO
emissions were used and the estimation results weosvn to lend strong support our

empirical approach in the case of almost all coesttonsidered.

13
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Figure 1: The Ecological and the Demographic Transitions Together
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Table 1. Homogenous Quadratic EKC Specification

Model 1, dependent variable: LCO2PC.OLS estimation.

MODEL 1 Constant LGDPPC LGDPPC2

COUNTRY | Coefficient | Coefficient T-test p-value Coefficient T-test p-value R-squared
Australia -9,062 6,964 846 <0,00001 ** -1,146 -1,15 <0,00001 #* 0,80
Austria 40,413 27,676 393  0,00014 ** -3,368 -205  0,04285 ** 0,64
Belgium -2,374 2,812 16,17 <0,00001 *** -0,552 -1430  <0,00001 *+1 0,81
Canada -63,598 13,924 20,09 <0,00001 *** -0,744 -18,75 <0,00001 **3 0,93
Denmark -3,919 3,136 30,07 <0,00001 **¥ -0,492 -20,24  <0,00001 ** 0,98
Finland -5,750 4,023 20,37 <0,00001 ** -0,579 -10,53  <0,00001 **1 0,95
France -2,454 2,492 28,16  <0,00001 ** -0,487 -2253  <0,00001 *4 0,95
Germany -1,816 2,650 1201 <0,00001 * -0,529 -10,61  <0,00001 ** 0,68
Japan -3,241 3,118 2487 <0,00001 **4 -0,590 -1547  <0,00001 ** 0,94
ltaly -4,083 2,272 10,86 <0,00001 *** -0,227 -411  0,00007 ** 18,94
Netherlands -3,944 3,277 18,62 <0,00001 ** -0,551 -14,10 <0,00001 ** 19,91
New Zeland -2,428 1,679 412  0,00007 ** -0,211 2,15  0,03355 * 0,79
Norway -2,158 1,470 9,70  <0,00001 ** -0,176 -4,74  <0,00001 **4 14,43
Sweden -3,657 3,136 1498 <0,00001 **4 -0,570 -10,79  <0,00001 ** 0,88
Switzerland -3,261 1,641 518 <0,00001 *** -0,153 -2,25  0,02590 ** 0,84
UK -0,104 1,024 7,82 <0,00001 ** -0,220 -7,83  <0,00001 ** 0,32
USA -2,710 3,082 2131 <0,00001 * -0,535 -17,34  <0,00001 *+3 0,91
Footnotes:
(1) Dependent variable: log of carbon dioxide emissiagrscapita; independent variable: log of GDP agita.
(2) T-statistics computed from robust standard ermoreind brackets.
(3) Sample period: 1871-2005.
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Table 2: Homogenous Cubic EKC Specification

Model 3, dependent variable: LCO2PC.OLS estimation.

MODEL 3 | Constant LGDPPC LGDPPC2 LGDPPC3

COUNTRY | Coefficient | Coefficient T-test p-value Coefficient T-test  p-value Coefficient T-test  p-value R-squared
Australia -17,220 1793 313 000219* 5910 -2,39 001827 ** 0670 193 0,05555 * 0,81
Austria 18,780 63,86 2,16 0,03302 *  -21,980 -1,48 0,14248 2,960 126 0,21095 0,65
Belgium -2,410 286 293 000401 0580 -126 020877 0,003 005 0,95953 0,81
Canada 422280 139,61 1528 <0,00001** .15360 -14,47 <0,00001 ** 0,560 13,77 <0,00001 *** 0,97
Denmark -3,620 2,63 534 <0,00001*% 0230 -091 036554 0,040 -106 0,29122 0,98
Finland -5,610 364 600 <0,00001* 0320 -081 041847 0,050 -0,67 050360 0,95
France -2,360 232 6,08 <0,00001** 0390 -193 005551 * 0,020 -047 0,63991 0,95
Germany -2,760 416 380 000023 *% 1280 -2,39 001842 * 0120 141 016149 0,69
Japan -3,500 474 2764 <000001**  .2140 -15,03 <0,00001 ** 0,350 11,08 <0,00001 *** 0,97
ltaly -3,430 08 115 025258 0,690 159 0,11444 0,170 -2,13  0,03496 ** 0,93
Netherlands -3,910 323 326 000142* o053 -115 025114 0,003 -005 096121 0,94
New Zeland | -10,510 1435 591 <0,00001 1 6600 -5,07 <0,00001 ** 1,040 4,92 <0,00001 *** 0,82
Norway -3,230 358 652 <0,00001*%  -1350 -4,95 0,00001 ** 0,190 3,98 0,00011 = 0,88
Sweden -3,480 279 331 000121 0380 -082 041636 0,030 -042 0,67719 0,88
Switzerland -7,980 872 551 <0,00001** 3480  -4,75 <0,00001 ** 0,490 4,56 0,00001 = 0,86
UK -0,470 153 171 0,08924 0,440  -1,13 0,25954 0,030 057 056775 0,33
USA 6,570 872 1726 <0,00001 **  .3110 -13,70 <0,00001 ** 0370 11,40 <0,00001 *** 0,96
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Table 3: Non-homogenous Quadratic EKC Specification

Model 2, dependent variable: LCO2PC.OLS estimation.

MODEL 2 | Constant LGDPPC LGDPPC2 LPOP

COUNTRY | Coefficient | Coefficient ~ T-test ~ p-value Coefficient T-test  p-value Coefficient T-test  p-value R-squared
Australia -14,860 0,710 138 0,17029 0,220 -227 0,02502* 1,660 19,98 <0,00001** 0,95
Austria 60,230 28,820 341  0,00086 ** 3550  -196  0,05244* 2,410 -0,25 0,80393 0,64
Belgium 3,220 3820 1281 <0,00001** 0,730 -12,71 <0,00001 ** 0,760 -4,04  0,00009** 0,84
Canada -63,690 14,030 18,62 <0,00001** 0,750 -18,35 <0,00001 ** 0,060 -037 0,71269 0,93
Denmark 1,350 4,080 1042 <0,00001** 0,640 -10,11 <0,00001 ** 0,790 -25 0,01368* 0,98
Finland 17,850 6290 1232 <0,00001** 0,960 -10,14 <0,00001 **4 3,170 -4,75 <0,00001*** 0,96
France -13,880 2560 26,66 <0,00001*%  -0,550 -13  <0,00001 *** 1,080 1,78 007701* 0,95
Germany 4,520 3370 1246 <0,00001* 0630 -11,95 <0,00001* 069 -417 0,00006** 0,72
Japan -4,270 3,040 9,93 <0,00001 *** 0,580 -9,66 <0,00001* 0100 026 0,79218 0,94
ltaly 12,080 3,300 7,61 <0,00001 *** 0,400  -4,78 <0,00001** 1,620 -2,69  0,00802** 0,93
Netherlands -5,480 2810 1234 <0,00001** 0,480 -10,94 <0,00001 ** 0240 305 0,00278** 0,95
New Zeland -3,270 0,770 118 0,24106 0,070 -055  0,58550 0280 1,76 0,08146* 0,79
Norway -22,590 0,370 -068 050014 0,070 089 0,37502 2840 349 0,00067** 0,88
Sweden -3,620 3,140 6,42 <0,00001 *** 0,570  -7,62 <0,00001* 0,005 -0,01 0,99590 0,88
Switzerland -24,640 0,320 0,77 044214 0,120 -187 0,06338* 2,870 442 0,00002** 0,86
UK 4,780 1,890 7,02 <0,00001** 0,370  -7,95 <0,00001*** 0,560 -3,64 0,00040** 0,39
USA -8,190 2,170 8,24 <0,00001 *** 0,430 -11,02 <0,00001 ** 059 4,06 0,00009** 0,92
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Table 4: Non-homogenous Cubic EKC Specification

Model 4, dependent variable: LCO2PC.OLS estimation.

MODEL 4 | Constant LGDPPC LGDPPC2 LGDPPC3 LPOP

COUNTRY | Coefficient | Coefficient  T-test  p-value Coefficient T-test  p-value Coefficient T-test  p-value Coefficient T-test p-value RSQ.
Australia 22160 1057 384 000019 7 4510 -382 000021 ** o600 364 000039 ** 1660 2085 <0,00001 **F 0,96
Austria 70200 7311 223 002771 * 25620 -161 0,10985 3460 140 016523 6,690 -0,66 0,50986 0,65
Belgium 3,750 727 580 <000001 %  .2230 -419 000005 * o210 283 000541 % .1100 -5,02 <0,00001 ¥ 0,84
Canada -423,620 140 1525 <0,00001 *4  -15410 -1444 <0,00001 ** o570 13,74 <0,00001 ** 0,070 062 053367 0,97
Denmark 1,580 359 579 <000001 % 0390 -152 013094 0,040 -103 030711 0,790 -248 001456 * 098
Finland 24,170 83 793 <000001 *%  .1990 -416 000006 ** o180 220 002999 * 4090 -525 <0,00001 *% 0,96
France -13,900 257 634 <000001 **  .0550 -249 001406 * o000 001 099273 1,00 1,71 008%0 * 095
Germany 3,910 643 579 <000001 =  .p100 -402 000010 * o230 284 000532 ™ .90 -490 <0,00001 % 073
Japan 4,400 542 1844 <0,00001 *4  -2,340 -1501 <0,00001 ** 370 11,72 <0,00001 ** .0,750 -2,82 000555 ** 0,97
Italy 10,860 201 234 00209 * 0370 082 041184 0,140 -1,74 008357 * 1440 -239 001842 = 0,93
Netherlands 5,490 284 293 000399 = 0490 -111 026918 0,002 003 097979 0240 304 000289 * 0095
NewZeland | -10510 14,35 4,68 <0,00001 =%  .6600 -455 000001 ** 1040 452 000001 ** 0001 000 099740 0,82
Norway -13,890 203 181 007305 * 0910 -222 002847 * o140 243 001639 * 150 158 011774 0,88
Sweden 5,070 261 210 003730 = 0320 -058 056178 0,040 -046 0,64468 0,200 0,20 0,84000 0,88
Switzerland | -19,950 556 2,74 000698 * 2360 -2,/7 000643 ** 0330 264 000940 * 1820 242 00169 * 0,89
UK 5,500 59 503 <000001 =% 2020 -429 000004 *9 0220 353 000059 * 0940 -515 <0,00001 * 043
USA -1,450 835 1294 <000001 4  -3000 -11,66 <0,00001 ** 0,360 10,06 <0,00001 *% o110 0,93 0,35438 0,96
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Table 5: Demographic and Ecological Transitionsin the Quadratic EKC Specification

Model 5, dependent variable: LCO2PC.OLS estimation.

MODEL 5 Constant DLPOP LGDPPC

COUNTRY Coefficient| Coefficient T-test  p-value Coefficient T-test  p-value R-squared
Australia -2,96 -3,3 -1,83  0,06913 * 1,55 19,21  <0,00001 *** 0,75
Austria 50,27 513,93 555 <0,00001 *** 13,89 16,82 <0,00001 *** 0,7
Belgium 0,12 3,72 0,87 0,38421 0,35 10,98 <0,00001 *** 0,51
Canada -7,65 17,59 3,66  0,00037 *** 0,93 20,23  <0,00001 *** 0,76
Denmark -2,42 1,16 24,54 <0,00001 *** 28,55 3,23  0,00158 *** 0,91
Finland -4,62 2,01 31,09 <0,00001 *** 10,96 1 0,31840 0,91
France -0,74 0,49 17,84 <0,00001 *** 9,55 3,17  0,00191 *** 0,76
Germany 0,49 0,31 9,18 <0,00001 *** 2,9 -2,06  0,04113 ** 0,41
Japan -3,46 1,37 29,36 <0,00001 *** 78,61 7,29 <0,00001 *** 0,88
ltaly -3,98 1,54 41,52 <0,00001 *** 59,16 6,67 <0,00001 *** 0,94
Netherlands -1,83 0,89 25,14 <0,00001 *** 22,31 3,89  0,00016 *** 0,87
New Zeland -1,42 0,76 19,31 <0,00001 *** -3,01 -15  0,13709 0,8
Norway -1,5 0,74 24,05 <0,00001 *** -8,99 098 0,32821 0,84
Sweden -1,81 0,89 19,65 <0,00001 *** -3,28 -0,28  0,78180 0,77
Switzerland -2,49 0,92 24,78 <0,00001 *** -1,12 -0,24  0,80949 0,83
UK 1,04 0 -0,19  0,84634 -1,3 -043  0,67090 0,63
USA 0,6 0,46 11,31 <0,00001 *** -27,03 -455  0,00001 *** 0,74
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Table 6: Demographic and Ecological Transitionsin the Cubic EKC Specification

Model 6, dependent variable: LCO2PC.OLS estimation.

MODEL 6/  Constant LGDPPC LGDPPC2 DLPOP

COUNTRY | Coefficient | Coefficient T-test p-value Coefficient ~ T-test  p-value Coefficient Ttest  p-value R-squared
Australia -8,890 4,350 896  0,00565 **¥ -1,150 -6,98 <0,00001** 6,940  -282  <0,00001 *** 0,82
Austria 34,860 533,950 4,79  <0,00001 *** -3,940 2,65 000920 %+ 30,700 588270  <0,00001 *** 0,71
Belgium -2,500 6,860 1652  0,00974 ** 0,560  -14,63 <0,00001**% 2,880 262 <0,00001 *** 0,82
Canada -63,650 4,750 1893 010111 0,750  -17,67 <0,00001 *** 13,970  -165  <0,00001 *** 0,93
Denmark -3,890 3110 29,05 <0,00001 *** 0,490  -1872 <0,00001*% 0,310 006  0,948% 0,98
Finland -5,980 4,000 203  <0,00001 *** 0,580  -10,62 <0,00001**% 16,570 207 004028 ** 0,96
France -2,390 2,420 27,2 <0,00001 **¥ 0470 21,95 <0,00001** 3,740 2,66 0,00873 *** 0,95
Germany -1,710 2,580 11,78  <0,00001 *** 0510  -1042 <0,00001*+ 2460  -237 001912 * 0,69
Italy -4,240 1,960 10,29  <0,00001 *** 0,120  -225 <0,00001** 52420 568  <0,00001 0,94
Japan -3,320 2,960 20,55  <0,00001 *** 0540  -1134 002643 ** 13250 1,39  0,16793 ** 0,94
Netherlands -3,890 3,260 17,03  <0,00001 *** -0,550 125 <0,00001*+  -2120  -049  0,62490 0,94
New Zeland -1,960 1,300 339  0,00093 *** 0,130 142 0,15759 2,770 -138 017125 08
Norway -2,000 1,450 968  <0,00001 *** -0,180 -4,79  <0,00001*+  -15,410 18 007432 ¢ 0,87
Sweden -3,540 3220 154 <0,0000L*%  -60,000  -11,28 <0,00001*** -26,000  -302  0,00305 *** 0,89
Switzerland -3,170 1,590 482  <0,00001 **¥ -0,140 204 004395 **  -3100 -066 050920 0,83
UK -0,250 1,110 7,87  <0,00001 **¥ -0,230 -7,95  <0,00001*+ 5,100 194 005493 * 0,33
USA -2,310 -0,000 1816  <0,00001 *** 0,500  -1542 <0,00001 *** 2,880 243 001645 ** 0,91
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