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Resumo

As questbes sobre o meio ambiente, ano apos amodegéempenhando um destacado papel
no debate global sobre o futuro do planeta. Emsssi@egases de efeito estufa (GEE) estao
aumentando, a despeito dos esforgos conjuntos ipgri@mentar acordos internacionais.
Nesse contexto, o objetivo deste trabalho € inyashipdtese da curva de Kuznets ambiental
global para uma amostra de 167 paises ao longerimdp 2000-2004, usando um modelo de
efeitos fixos com dependéncia espacial. Outro Mojet avaliar o papel do protocolo de
Quioto como uma politica global para reduzir asssies de COper capita. Para tanto, uma
variavel dummy, representando os paises que ratificaram o Pilot@écantroduzida no lado
direito da regressdo. Além disso, outras trés wveisasdo inseridas no lado direito da
regressdo: a intensidade de comércio, consumo aegianper capita e densidade
populacional. O resultado econométrico, em pringipugere a existéncia de uma CKA na
forma de N, encontrando os seguintes pontos dexadt US$ 12.342,34 e US$ 27.106,23.
Outra questdo importante € o coeficiente negativestatisticamente significativo para a
variavel dummy do Protocolo de Quioto, mostrando a importancitemqpmal de acordos
internacionais para reduzir a quantidade total uhessbes de COper capita. Entdo, o



crescimento econdmico sozinho ndo pode substitlitigas multilaterais que visam reduzir
as emissoes de GO

Palavras-chave Curva de Kuznets Ambiental, emissfes de, @@r capita, econometria
espacial, Protocolo de Quioto.

Abstract

Over the years environmental issues have beennglayremarkable role in the global debate
about the Earth future. Emissions of the "greenbaftect” gases (GHG) are increasing, in
despite of joint efforts to implement internatiorsgreements. In this context, this paper is
aimed at investigating the Global Environmental Kets Curve (EKC) hypothesi®r a
sample of 167 countries over the period 2000-208#hg a fixed effect model with spatial
dependence. Another objective is to evaluate tleeabthe Kyoto Protocol as a global policy
in order to reduce CQOemissions per capita. To do so, a dummy variaelgesenting the
countries that have ratified the Protocol is introed into the right hand of regression.
Besides, other three variables are inserted iaitfint hand of regression: the trade intensity,
energy consumption per capita and population dgnBite econometric results, in principle,
suggest the existence of an “N” shaped EKC, findimg following "turning points": US$
12,342.34 and US$ 27,106.23. Another importanteisguthe negative coefficient, and
statistically significant, for the dummy variabler the Kyoto Protocolshowing the potential
importance of international agreements for redu¢h®goverall amount of CQemission per
capita. Therefore, economic growth itself canngilaee multilateral policies that seek to
reduce C@emissions.

Key words: Environmental Kuznets Curve, G@missions per capita, spatial econometrics,
Kyoto Protocol.

JEL classification: Q53, C21.



THE GLOBAL ENVIRONMENTAL KUZNETS CURVE AND THE KYOTO PROTOCOL
1. Introduction

Environmental risks and uncertainties from an d@wansumption in the future
are disturbing. Among the risks involved, one caminp out the probability of climate
modification due to the greenhouse effect causegdses emitted in the atmosphere. The
most important of these gases is the carbon dia)dd®), which is generated by the burning
of fossil oils and the pollution stemmed from mamwi@iring plants. The CQOaccumulation
and other gases in the atmosphere retain the sadéation surrounding the Earth surface,
provoking the global warming phenomenon. In thetm@cades this may imply the sea level
increases up to a certain point that it will beeatd inundate several shore located cities.
Furthermore, this phenomenon may cause enormouBlé&oto international agriculture and
trade system. (WCED, 1987).

In the late eighties a critical view started emeggamong the developed and
developing countries worried about how the econognavth was taking place worldwide
and its impact on the planet future. Hence there avareoccupation about the excessive use
of natural resources without considering the suppapacity of the ecosystems along the
world.

In this context, some authors have investigatezlaionship called EKC in which
environmental degradation measures increase asomdorgrowth is generated up to a
maximum. Afterwards, when a certain level of incopee capita is reached, these measures
decrease. According to Stern (2004, p. 1419), “HKC proposes that indicator of
environmental degradation first rise, and thenvaih increasing income per capita”.

The concept of EKC flourished at early ninetiesd&scribe the time trajectory
that a country’s pollution would follow as a resattits economic growth. When the growth
occurs in an extremely poor country, pollution esitias grow because the increase in the
production generates pollutants and because thaetrgoyposes a low priority on the
environmental degradation control. Since a coumtpyains enough affluence degree, its
priority switches to protection of environmentalatjty. If this income effect is strong
enough, it will cause the decline of pollution. Acding to Deacon and Norman (2004), this
line of reasoning suggests the environmental imgmoent does not come without economic
growth.

So countries would go through development stagaisied by market forces and
governmental regulation changes. In the first staggked by the transition of an agricultural
economy to an industrialized one, the economic grownplies a pressure on the
environment, as a consequence of creation and sigaof manufacturing plants. The next
stage would be characterized by the maturatiomaoiksy and industrial infrastructure. At this
moment, the accomplishment of basic needs allowsgtiowth of sectors which are less
intensive in terms of resources and pollution. ¢ same time, technological improvement
begins to reduce the energy intensity. At lasthathird development stage, it would happen
the de-linking between the economic growth and phessure on environment, when the
former does not imply the increase of later oneo@Sman and Krueger, 1995; Shafik and
Bandyopadhyay, 1992; Selden and Song, 1994).

According to Lucena (2005), after a certain incqae capita level (called turning
point), the environmental quality would improveancordance with economic growth. This
means that the environmental impact is an invedethaped function in terms of income per
capita, as shown in figure 1.



Figure 1. Environmental Kuznets Curve
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Source: Authors’elaboration.

The relationship between economic growth and enwental quality described
by Grossman and Krueger (1991) can be decompostted effects, namely, scale effect,
composition effect and technical effect. One expéuat the environmental pressure increases
as output growth increases (scale effect). Nevietkethis greater pressure can be nullified
by the other two effects. For instance, it is polesthat economic growth occurs mainly in
sectors that pollute less (composition effect)slalso possible to admit that technological
progress is able to countervail the greater prodndevel (technical effect).

However, De Bruyret al. (1998) believe the EKC does not hold in the long. ru
So the inverted U shape would be only an initiagsetof the relationship between economic
growth and environmental pressure. Above a celitaome level, there would be a new
turning point that would become the trajectory asleet again, leading to N shaped curve.
This means that the environmental degradation wooide back in high growth levels.

Figure 2. Another Version of the Environmental KetaCurve
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Source: Authors’elaboration.

In terms of global impact pollutants, since theet@@n century, some researchers
have been searching to demonstrate the assoclaiareen the carbon dioxide (€0n the
atmosphere and temperature elevation. Howevemttial ianswer of the countries in relation
to global warming was Framework Convention on Cten@hange (FCCC) originated at Rio
Summit in 1992. That the voluntary approach und@C€ would not generated any effective
result in terms of policy measures was suddenlgeti for many people along the world.



Besides, the C®Oemissions from some countries have increased dinae time. This
motivated that the public policy defenders contthweth the meetings leading to the Kyoto
Protocol in 1997 (Nordhaus and Boyer, 1999).

Kyoto Protocol contains a specific compromise assiifmy industrialized and in
transition economies to reduce their £é&missions below the their 1990 level along the
period 2008-2012. However no compromise has beennad by developing countries,
grounded on the argument that the industrializagioocess and development should not be
limited by any constraint for generating energy andsumption (GALEOTTI and LANZA,
1999).

From a theoretical viewpoint, the EKC hypothesikess likely for CQ emissions
because this kind of pollutant causes problemdabaj scale and, consequently, the social
costs accruing from the global warming accumul&dagthe time and across the countries.

Generally, the evidences in favor of the EKC arenfb for environmental
problems at the local, like (SONO). When investigating pollutants whose control sase
big in terms of changes in the consumption habits &hose effects are externalized in the
atmosphere, like COfor example, this relationship does not have sblempirical evidences
in favor of an inverted U shaped EKC.

A linear relationship for C®emissions and GDP per capita has been corroborated
in some studies (Shafik and Bandyopadhyay, 199®)eiGstudies have found an N shaped
function (De Bruynret al., 1998; Holtz-Eakin and Selden, 1995; Moomaw and Uni997).
Neither linear nor cubic relationship allows ush&ve an optimistic interpretation about the
beneficial effects of economic growth on environteBy contrast, at higher levels of
income, CQ emissions show an increase as the income grow#s tplace (FRIEDL and
GETZNER, 2003).

Perhaps more importantly than the findings of ttuelies that test empirically the
EKC hypothesis it is the consequences of thisioglahip referring to environmental policy.
However, Grossman and Krueger (1995) point out, tee¢n for pollution indicators that
demonstrate a fall after a certain level of incothe,occurrence of this process is actually not
guaranteed. Therefore economic growth itself doefs guarantee the cure for problems
related to the environment. Proper environmentdicigs play a fundamental role in the
inversion of trajectory of pollutants that followet EKC hypothesis.

Although the international community is favorable® tthe sustainable
development, the public policies do not incorporiie compromise with the environment
defense. The definition about concrete targetsdducing pollutant emissions at international
conferences, as well as the public policies implaed by the majority of countries, is below
the recommendation suggested by scientists andoemventalists as being indispensable to
solve the global warming. Of course, there arervet@ient factors on political and economic
systems that hinder the search of social optimuith@tmoment of international agreement
negotiations (FRAY, 2001).

Although the EKC have been corroborated in sevsttadies for air, water and
soil pollutants, in the case of greenhouse effedeg, like C® emissions, the empirical
evidences are yet dubious.

The majority of papers on EKC show panel data ¢oimg countries as the cross-
section unit. The literature started studying ttupic after Grossman and Krueger' paper
(1991) and since then several authors have publishethe EKC. The table 1 reports the
papers that estimated EKCs using2@&missions as dependent variable.

According to Stern (2004), the EKC hypothesis is iatminsically empirical
phenomenon, but most studies in the literaturens@k in econometrically terms. Generally,

! One calls NQwhen NO (nitrogen monoxide) and B(itrogen dioxide) are denominated jointly.



little attention has been dedicated to statistipadprieties of data used, such as spatial
dependence or stochastic trends in time seriesd@&sedittle consideration has been dedicated
to model appropriateness issues, such as the pigsibomitted variable bias. The majority
of studies assumes that, if the regression coeffisiare individually or jointly significant and
their expected signs are obtained, hence the EKfbthgsis exists (Maddison, 2006;
Ruphasinga et al., 2004).

In this context, Ruphasingha et al. (2004) rementhat, although geographical
areas (or cross-section units) form the basicfonithe most EKC analysis, almost all studies
in the literature have ignored spatial effects whaealyzing this environmental phenomenon.

After Grossman and Krueger’s paper there is a egpamount of EKC studies,
using several degradation indexes, type of data geographical region (Shafik and
Bandyopadhyay, 1992; Panayotou, 1993; Selden amg, Si994; Kaufmann et al., 1998;
Stern, 2000; Halkos, 2003; Perman and Stern, 2608seca and Ribeiro, 2005; Gomes and
Braga, 2008; Santos et al., 2008).

More recent papers have included the control fatiapeffects in the analysis of
EKC, for example Maddison (2006) for a cross-coustudy, Poon et al. (2006) for Chinese
regions, Ruphasinga et al. (2004) for US regiorts Stern (2000) for sixteen West European
countries.

Table 1 presents only the papers in the literatiia¢ used C®emissions as the
dependent variable. It is noteworthy that no pagertrolled for spatial dependence, even
using geographical units. The paper for the mastnmeyear is 2003 and for the largest sample
size was with 34 countries.



Table 1. Papers on EKC using Carbon Dioxide {CO
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Authors Region Period Dependent variable Type |d&dicional Variables | Turning point Conclusion
data
Moomaw and| 16 countries 1950-1992 G@missions Panel data $12,813 None EKC relationships 9
Unhruh (1997) obtained.
Cole e al. |7 regions along 1960-1991 CQ@emissions Panel dataa intercept dummy, $25,100 The findings demonstrate that
(1997) the world time trend and trade the global impact of C©O
intensity variable emissions has provided littl
incentive for countries
implement unilateral actions fqg
these emissions.
Agras and| 34 countries 1971-1989 GO emissions and Panel data| Trade variables angd$62,000 for| Inverted U shaped curv
Chapman energy temporally  lagged energy regressioh between income and energy and
(1999) dependent variable | and $13,630 for between income and G
CO, regression | emissions.
Dijkgraaf and| OCDE countries | 1960-1997 G@missions Panel data $15,704 and The fact of that many countrig
Vollebergh $13,959 do not reflect EKC patter
(2001) becomes particularly
improbable the existence of
global inverted U shaped curve.
Arraes et al. | countries (sample 1980, 1985, CO, emissions and othgrPanel data| Dummy for Sub- An inverted U shaped cu
(2006) size is not| 1990, 1995, indicators of development Sahara African was found.
defined) 2000 countries
De Bruynet al. | 4 countries| 1960-1993 C® , NGO, and SQ | Paneldata| Related input prices ifverted U shaped curv
(1998) (Netherlands, emissions was not found.
United Kingdom,
USA, Germany)
Lucena (2005) | Brazil 1970-2003 Gemissions Time Trade openess Evidences for an EKC in
series variable case of C@emissions.

Source: Authors’ elaboration.
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Therefore the papers described above have obteasetts and conclusions quite different on
the existence of EKC hypothesis. The reasons magaoeples with different countries, diversified
environmental degradation indicators and/or difiéeconometric techniques.

This paper is aimed at contributing to the EKCrétare providing a more sophisticated
econometric model, taking into account statistpralprieties and several controls both for spafif@ots
and other pollution determinants in order to imgrdole model fitness. The spatial relationshipsvarg
important in EKCs because countries’ emissionsppita are affected by events occurred in neighigori
countries. The several sources of these spatatioakhips are discussed in Maddison (2006).

One expects to contribute for the discussion ablmiteconomic growth, international public
policy and environment issue” and check if an ite@rU shaped relationship can be observed globally,
using a panel data for 167 countries over the ge2{@D0-2004, and controlling explicitly spatial exfts,
namely, spatial dependence and spatial heterogeneit

The present paper advances mainly the discussioant &KCs in four aspects. Firstly, an
additional variable is inserted into the analysigntvestigate whether or not countries that araaigyy to
the Kyoto Protocol are contributing effectivelyttee emissions reduction. Secondly, it is notewotktat
no previous cross-national EKC study had this sangite (167 countries). Thirdly, the analysis is
implemented for a recent period (2000-2004). Fnak long as we know, this study is the first tme
implement an EKC analysis for G@missions, controlling for spatial dependence.

The econometric results, in principle, suggestdkistence of an “N” shaped EKC rather.
Another important issue is the negative coeffigiamid statistically significant, for the dummy \zbie of
the countries that have ratified the Kyoto Protpsbbwing the importance of multilateral agreememts o
reducing the overall amount of G@&mission per capita.

Following this introduction, the paper is organiziedfour more parts. The second part
describes the econometric methods adopted forstiv@ation of EKC. The third part presents the sesrc
of the data and the procedure of data preparafiba.econometric results are displayed, interprateti
discussed in fourth part. The last part concludes.

2. Specification Issues

The model specification is based upon previousiassudbout EKC that used some pollutant
emission indicators as dependent variables. In phigser, nevertheless, only one pollutant emission
measure is adopted, that is, carbon dioxide. Thigeicause it is the main gas responsible to generat
greenhouse effect and, thereby, the phenomenorobélgwarming. On the other hand, variables like
GDP per capita and its square are often foundarE#C literature and are inserted into the regoessi

The functional form of the model is the following:

E, = 4+ PWE, +Y, B+ KR, + X +WX,T +U, (1.a)
U, =AW2Ut +& L

where E, =(E,,....E, )'is a vector of C®emissions per capitgy = (t4,...,4, ¥ptands for a vector
representing non-observable effects; &vid W are spatial weights matrices, which try to repnéske
spatial structure of dependend&;E, is spatially lagged dependent variablejs a matrix composed by

three other vector of variables denoting incomeqagita, squared income per capita and cubic income
per capita, namelyY; = [y, V&, Vi, wherey, = (V,,....Yy,) and so onKP; is a dummy variable for
countries that ratified the Kyoto Protocol eachrygaking on the value one for countries that redif
Kyoto Protocol and zero otherwiseX, = (X,,...,X,, i9 a matrix representing other variables, which
also influence the relationship betwerandy. W, X, represents the spatial lag of variab¥swhich
captures spatial spillover effects of £€missions per capit&V,u, is the spatial lag of errong, ; and ¢,
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indicates an.i.d. error term The Greek symbolg3( o, ¢ andt ) stand for vectors of parameters to be
estimated.Finally,p andA are coefficients to be estimated.

Johnston and Dinardo (1997) consider panel dateemsdiseful because it is able to handle
with relevant omitted variable problem. Not takingo account the non-observable effegi i(icreases
the risk of biasing the regression’s estimates. ddeit is important to consider this kind of non-
observable spatial heterogeneity in order to gesistent estimates.

This also means the panel data model can accomendkatspatial heterogeneity that is
represented by region-specific, non-observabletiamel invariant intercepts. So the panel data comdro
non-observable effects by means of two differendets a fixed effect model and a random effect
model. The difference between these two models illeshe assumption about the correlation of
explanatory variables with the error term. If, @adt, an explanatory variable is correlated withefror
term, the fixed effect model is more appropriatevélrtheless if the explanatory variables are not
correlated to the error term, the random effect @hasl more proper. In this case, the non-observable
effects are components of the error term.

If we pose restrictions on equation (1), we wilvbasome spatial econometric models that
take into account of spatial autocorrelatiom\#D, 1=0 andp+#0, the spatial lag model emerges. This kind
of model can represent spillover effects in theirmmmental degradation.

If p=0, 1=0 and A£0, the spatial error model is obtained. This tygenmdel is more
appropriate when there are non-modeled factorsmlaaifest in the residuals. The unrestricted madal
model with spatial lag and spatial erfor.

If p=0, A=0 and the vector of coefficients0, the spatial cross-regressive model is obtained.
If p#£0, 70 andA=0, the spatial Durbin model accrues.

The procedure adopted here is based on the folipsieps:

I) Estimate a pooled data model with no controlrfon-observable effects;

i) Implement Hausman test to define which non-obskele effect model is appropriate, that
is, fixed effect model or random effect model;

iii) Estimate the non-observable effect model deteed by the Hausman test;

Iv) Check the last regression’s residuals for spakependence;

v) If there is no spatial dependence, stops theqahare and keep the non-observable effect
model; otherwise, go to next step;

vi) Estimate the following spatial models: spaté& model, spatial error model, spatial cross
regressive model, spatial Durbin model and spat@ds regressive model with spatial error.

vii) Choose the best spatial model based on these condition: a) absence of spatial
dependence in the model’s residuals; b) givendkedondition, choose the model with the smallakies
of some information criterion.

3. Data

The sample contains 167 countries over the per@i-2004. The reason for the choice of
just five years is because of the difficulty todfidata for all countries over a longer period. As tlata
are international, the database is not immune ablpms because some countries do not have advanced
statistical agencies. However, the main sourcehef database i&nited Nations Satistics Division
(UNSD), whose main function is to gather, standardind treat data from several countries.

The dependent variablg is CQ, emissions per capita (in metric tons). The chatehis
variable as environmental degradation indicatatifjgs because this pollutant is the main compofient
the emergence of greenhouse effect and global wgrniihe data comes from the United Nations
Statistics Division (UNSD), which compiles inforn@t from two other sources, namely, CDIAC
(Carbon Dioxide Information Analysis Center) and @DPMillennium Development Goals). The reason

2 For more information on spatial models, see Ans@lP88) and Anselin and Bera (1998).
% Available in:http://unstats.un.org/unsd/dnss/kf/default.aspx
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to choose “emissions” and not “concentration” isdese the emissions are linked to current economic
activity levels, and thereby these emissions mesth potential for the economic activity to degrdige
environment and/or human health (Kaufmann et 8B8).

The variables contained M = [y, V%, V] indicate the shape of EKC function. The main
explanatory variable, GDP per capita, is measuneconstant 2000 dollars and was obtained from the
United Nations’ estimates. The population dataexteacted from yearly projections and estimatethef
Population Division of United Nations.

The introduction of this variabley] is aimed at verifying if the early stages of depenent
provoke the increase of environmental degradatis.Stern (2004) stated, at the first stages of
development the pollution indicators increase.

The inclusion of the squared GDP per capit) (n the right hand of regression has the
objective to corroborate if there is an invertedshhped curve between income per capita and CO
emissions per capita. The theoretical expectasaihat the coefficient that accompanies this végiab
negative and significant. According to Stern et (@996) and Panayotou (1993), at high levels of
economic growth structural changes toward inforamaintensive industries, as well as a greater kocia
conscience and environmental regulation, leadgmdual decline of environmental degradation.

The reason of incorporating a cubic GDP per capifhin the regression is to check if the
environmental degradation comes back at very higgel$ of economic growth. Theoretically, if an
inverted U shape curve exists, the coefficient B@tompanies this variable is zero. Otherwisehig t
coefficient is positive and significant, this meahere is an N shape function concerning income per
capita and C®emissions per capita.

The variableKP; is a dummy that takes on the value 1 for countihes ratified the Kyoto
Protocol and zero otherwise, according to the yefaratification. The agreement, which started @92
February, demands that more industrialized couwsittiet ratified Kyoto Protocol commit themselves to
reduce their emissions in 5.2% until 2012. Thesemte industrialized countries considered by the
Agreement are localized in the North hemisphereepiAustralia and New Zealand. Theoretically, one
expects the estimated coefficient for this variableegative. This variable has the objective tec&hif
the countries that are signatory of Kyoto Protao@ reducing their Cemissions before the beginning
of the agreement. In this sense, this variable oreaghese countries are £€mission reduction prone.

The matrix of other explanatory variabl¥sis composed of trade intensity variablH),
energy consumption per capitad) and population density?D;). Formally,X; = [Tl , EC; , PDy].

The trade intensity variablellf) is the sum of imports and exports divided by It@®P.
Therefore, the objective of this variable is to dastrate the following relationship: the greater a
country’s trade openness is, the smaller envirotahesregradation implies. In the case of trade, as
pointed out by Stern et al. (1996), the changentérnational patterns of environmental quality and
structural changes within economies took the caemto specialize in activities that use less gnargl
natural resources. One expects theoretically tigei@ negative relationship between exports and CO
emissions because greater trade openness wouldaggcrrequirements about issues related to the
environment, reducing countries’ emission levelse Bource of this data is the International Mornetar
Fund (IMF).

The energy consumption per capitaC{) is the ratio between energy consumption and
population. The energy consumption (in thousandsqgoiivalent oil tons) comes from the UNSD. If the
energy is adopted everywhere and the majority oh$oof utilization free pollutants, it is necesséoy
add a proxy to evaluate this (Agras and Chapma®9)1%0 one expects theoretically there is a pa@siti
relationship the energy use and £fnissions.

At last, the population densitD;) is measured by the relation between populatiahtatal
geographical area for each country. The countt@al geographical areas are drawn from the dagsbas
of the Food and Agriculture Organization of the tddiNations (FAO). Selden and Song (1994) suggest
that in low population density countries theredssl pressure to adopt strict environmental patt@nds

“* The Annex | countries of the Kyoto Protocol aretia appendices of this paper, the dummy takeh®nmalue one for those
countries that have ratified the protocol (accagdimthe years of ratification).
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regulation. Hence this variable is aimed at denratiagy that high population density leads to a grea
social conscience about environmental problemsagmessure in favor of regulation.
Table 2 describes the variables in the empiricadieh

Table 2 — Description of the Variables

Variable Description Expected Empirical Source
Signal Reference
E, Dioxid carbon (CO2) Agras and| UNSD, CDIAC e
emissions over population iy Chapman (1999), MDG
country Cole et al. (1997),
Dijkgraaf and
Vollebergh (2001)
A GDP per capita Grossman and World Bank (WB)

Krueger (1991),
Selden and Song
(1994), Kaufmann

et al. (1998)
y 2 Squared GDP per capita Grossman and World Bank (WB)
t Krueger (1991),

_ Selden and Song
(1994), Kaufmann

et al. (1998)
3 Cubic GDP per capita Grossman and World Bank (WB)
Y Krueger (1991),
Moomaw e Unruh
* (1997), Arraest al.
(2006), Maddison
(2006)
KP; Kyoto Protocol dummy IEA
value “1” for countries that
ratified the agreement and ‘0 _
(zero)”, otherwise
Tl Sum of imports and exports Shafik and| Internacional
over total GDP by country Bandyopadhyay Monetary Fund A

(1992), Agras and IMF
- Chapman (1999),
Kaufmann et al.
(1998)

EC Ratio between energy Cole et al. (1997),| UNSD
consumption (in equivaler Stern (2002)
oil units) and population

—
+

PD; Population over the Selden and SongFAO
geographical area (in Kin _ (1994), Shafik and
by country Bandyopadhyay
(1992)

Source: Authors’elaboration.

The Moran’sl, Geary’'s ¢ and G statistics provide an indicatainthe degree of spatial
autocorrelation. However to implement these spati#bcorrelation indicators it is necessary to cleoa
spatial weights matrix W. In the literature, thare several examples of this type of matrices. mhagix
W adopted in this study is k nearest neighbor maffo become the choice of value k less arbitrary,
Baumont’s procedure is adopted (2004). The choseask2. Thd, c and G statistics are reported in table
3.



Table 3. Spatial autocorrelation indicators for2@&missions

Indicator Year Coefficient Mean St. Deviation z-value p-value

I 2000 0.481 -0.006 0.069 7.030 0.000
c 2000 0.653 1.000 0.077 -4.532 0.000
G 2000 0.025 0.012 0.002 6.864 0.000
I 2001 0.452 -0.006 0.069 6.607 0.000
c 2001 0.660 1.000 0.077 -4.451 0.000
G 2001 0.022 0.012 0.002 6.317 0.000
I 2002 0.474 -0.006 0.069 6.916 0.000
c 2002 0.650 1.000 0.076 -4.572 0.000
G 2002 0.022 0.012 0.001 6.584 0.000
I 2003 0.453 -0.006 0.069 6.620 0.000
c 2003 0.664 1.000 0.076 -4.384 0.000
G 2003 0.023 0.012 0.002 6.438 0.000
I 2004 0.450 -0.006 0.069 6.579 0.000
c 2004 0.694 1.000 0.077 -4.000 0.000
G 2004 0.022 0.012 0.002 6.362 0.000

Source: authors’ elaboration.

By means of three spatial autocorrelation indicgtave can reject the hypothesis of spatial
random distribution of C®emissions per capita across the world. All cogdfits are highly significant
and indicate positive autocorrelation, signaling éxistence of concentration of €@missions per capita
across the space. When thand c statistics indicate positive autocorrelaticoncentration) means that
high emission per capita countries are surroundedhiph emission per capita countries (High-High
pattern) or low emission per capita countries areosinded by low emission per capita countries e w
(Low-Low pattern). However, the value Gfis positive, meaning that this spatial concerdrats based
upon the following fact: there are predominantlgthemission per capita countries that are surradlinde
by high emission per capita countries. Then thermétion of theG statistics refines the information
about spatial concentration provided by ltfaad c, indicating the predominance of High-Higttgra.

We also adopted a local version of Morah® detect High-High (HH), Low-Low (LL), High-
Low (HL) and Low-High (LH) spatial clustefsin figure 3 we can observe that there are some HH
clusters in Europe, a HH cluster in Middle EasHH cluster in South America (actually, composed of
only one country, namely, Venezuela), a HH clusteGoutheastern Asia. On the other hand, the LL
clusters concentrate in Africa, India and SoutherasAsia. It is not possible to check the EKC hiasis
based upon only these exploratory results. It ises®ary to go ahead toward the spatial econometric
approach to extract more useful information.

Figure 3. LISA Cluster Map for C{Emissions Per Capita

Legenda:

] Non-significant &

2000

Source: Authors’elaboration.

Legenda:

- [ Non-significant  § &

I High-High I High-High
B Low-Low I Low-Low
[ Low-High [ Low-High
[ High-Low [ High-Low

2004

® For technical information about local Moramhsee Anselin (1995).
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4. Results and Discussion

The econometric results were obtained following phecedure described in part 2. First of
all, CQ emissions per capitdd) were regressed on GDP per capit){( its squared valuey(z), its

cubic value G/f), a dummy for Kyoto ProtocolK(P;), trade intensity variableT(;), energy consumption

per capita EC,) and population densityPD;) by OLS, using a pooled data, but with no contoolnon-
observable effects. Afterwards, the Hausman tefitated that the best non-observable effect madel i
the fixed effect model. Hence the fixed effect maslas estimated by the within method. The results f

these two regressions are displayed in table 4.

Table 4. Environmental Kuznets Curve (EKC) reg@assi

Coefficients Pooled Data (OLS) Fixed Effect (Within
Constant -0.454586 -2.550838
(0.1392) (0.6268)
0.000200 0.001424
Y (5.14 x 10%) (0.0001)
2 -9.81 x 10" -5.28 x 16°°
Yi (2.92 x 10%) (8.42 x 10%)
3 1.07 x 102" 6.16 x 102"
Yi (4.59 x 104) (1.10 x 109)
KPy -1.252707 0.004751"
(0.2568) (0.0400)
Th 0.695304 -0.140283"
(0.1350) (0.1094)
EG 2.670506 2.307879
(0.0476) (0.1374)
PD, 7.71x 105 -0.004695
(0.0001) (-2.3480)
R? 0.91 0.99
SC 1.4526 -1.0506
AIC 4.2452 2.1395

“Turning point” US$ 10,193.68

US$ 13,484.85

(max.)
T“"(‘:gi% F)’O'”t US$ 30,560.75 USS$ 28,571.43
Jarque-Bera test 11793.7 282033.4
Hausman test 65.46

Source: authors’ elaboration.

* significant at the 1% level.

** significant at the SRavel.

*** Not significant.

Observation: the stadd#eviation is in parenthesis.
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For the pooled data model, all estimated coefficialues reveal significant, except the
population density. It is noteworthy that the tradeiable presented a positive sign, not as theatit
expected. In turn, for fixed effect model, neitlede intensity variable nor dummy for Kyoto Pratbc
were significant.

One observes a substantial difference in terms afjmude and signal of coefficients
between the pooled data model and the fixed effextel. This can be explained by the control foedix
effects in the second regression. As previouslyclkb@ by the Hausman test, this corroborates the
hypothesis that the EKC phenomenon is influencethbyfixed effects. The relevance of including fixe
effects can be also observed by the value of indtion criteria (AIC and SC) significantly smalleorf
the fixed effect model than the pooled data model.

The residuals of the fixed effect model were chdckar spatial dependence in order to
control for spatial dependence. The Moran testatedespatial autocorrelation for two years (2008 an
2003) in the period under study. Therefore, in ptdecorrect the spatial dependence in the modehes
spatial components were included into the rightdhiarthe regression.

Next several spatial models were estimated. Becaliske spatial simultaneity caused by
spatially lagged dependent variabW®t;), the fixed effect model with spatial lag, spatairbin model
were estimated by within (using IV to estimate titensformed equation instead OLS).

As it is assumed thaX; is composed of exogenous explanatory variabledV¥pis also
composed of exogenous variables (namély);, WEN; and WPDy). To get consistent coefficients, the
spatial cross regressive model can be estimat€l 9y

The spatial error model and spatial cross regressigdel with spatial error were estimated
by feasible generalized least squares. AccordingKépoor et al. (2007), in the presence of
heteroskedasticity and non-normality, and whenethsrthe spatial dependence assume the form of a
spatial error structure, FGLS estimates are camdistind equivalent to maximum likelihood estimates.

To avoid the influence of extreme values on theregions, two dummy variables have been
introduced into the model from fixed effect regies$s residuals. The two standard deviation criteri
was used to create these variables. Thereforejsba dummy variable that takes on the unitary value
countries have residuals below the 2 SD limit. &rty, D_S refers to countries whose residuals were
above the 2 SD limit.

The results are reported in table 5.

Table 5. Econometric Results of Spatial Modelser EKC

Coefficient Error Lag Cross Durbin Cé(r)rs(;sr *
Constant -0.906497  -0.798272  -1.019700  -0.893777  -0.969118
(0.0641) (0.0637) (0.0942) (0.0940) (0.1057)

0.000568 0.000548 0.000596 0.000525 0.000589
Y (245x10°) (2.01x10°) (4.11x10) (2.86x10) (4.54x10)
2 230x 16 -2.22x10 -224x1¢ -2.03x10F -221x10¢F
Yi (1.00x 10°) (8.08x 10'%) (1.52x10°) (1.10x10°) (1.80 x 10°)
3 2.83x10% 2.73x10% 2.69x10®* 247x10% 2.68x10%
Yt (1.23x 10" (1.05x 10") (1.71x 10" (1.38x 10" (2.10x 10"
KPt * K
-0.079648 -0.061927 -0.067232  -0.063415 -0.069687

(0.0194) (0.0220) (0.0269) (0.0267) (0.0725)

Tl

-0.134104  -0.122078  -0.158156  -0.136517  -0.156392

(0.0180) (0.0206) (0.0159) (0.0175) (0.0159)
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E
G 2.643344 2.664350 2.640535 2.679179 2.635650
(0.0363) (0.0365) (0.0434) (0.038) (0.0486)
PD;
-0.001469  -0.001413 -0.001773 -0.001684  -0.001789

(0.0003) (0.0002) (0.0004) (0.0003) (0.0004)

-0.021383 -0.059551
WE (0.0039) (0.0073)

W.u -0.016879 -0.030942
27 (0.0074) (0,0089)

D |°¢ -1.454196  -1.410491  -1.469511 -1.381131  -1.464558
— (0.2299) (0.2475) (0.1877) (0.2055) (0.1892)

1.494703 1.541543 1.471020 1.514617 1.472019

7
D_S (0.2919) (0.2973) (0.2784) (0.2834) (0.2838)
WY -4.12 x10°  -3.03x 10 -4.83x 10"
—t (1.19x10) (1.00x 10°) (1.40 x 10°)
W] 0.032189  0.031921  0.031413
t (0.0073)  (0.007024)  (0.0075)
WEC, -0.009060°  0.158548  -0.003355"
(0.0192) (0.0191) (0.0230)
WPD 0.01094 0.000916  0.001154
t (0.0001)  (8.53 x 10°) (0.0002)
“Turning
point” 12,347.83 12,342.34 13,303.57 12,931.03 13,325.79
(max.)
“Turning
point” 27,090.69 27,106.23 27,757.12 27,395.41 27,487.56
(min.)
Spatial Spatial Spatial
Moran’s| dependence dependence dependence
in 2003 in 2003 in 2002
SC -1.66207 -1.65957 -1.64040 -1.62793 -1.63353
AlC -1.72435 -1.72185 -1.71966 -1.71256 -1.71845

Source: authors’ elaboration.
* significant at the 1% level.
** significant at the SRavel.
*** Not significant.
Observation: the stadddeviation is in parenthesis.

By means of table 4, one observes that there remaining spatial dependence for the lag model
and the spatial cross-regressive and error modglialy, according to the information criteria, sjiatial

® D | is adummy variable for inferioroutliers.
"D _ S é adummy deoutlier superior.
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models present better fitness (table 4) than thalepodata model and fixed effect model with no
correction for spatial dependence (table 3). Ugii@ and SC criteria to decide which is the best eipd
the choice lies in the spatial lag model as moner@miate. The analysis hereafter will focus ors thi
model’s econometric results.

In this model, one observes that there three chsrwfeexplanatory variables influence the
amount of CQ@ emissions per capita. A channel is directly by mseaf variables present in own
countries, like GDP per capita, trade intensityergy consumption per capita and population denaity.
second channel is by means of international agretsrieat a country may be signatory or not. At,last
the third channel is related to the spatial spéisy that is, when the G@missions per capita inside a
country are influenced by the neighbor’s emissions.

Analyzing the coefficients for variables that regget GDP per capita, it is noteworthy that
the EKC estimated had an N shape. Actually, the @@issions per capita increase up to reach thie firs
“turning point” (US$ 12,342.34) and decrease daffités point as income per capita increases. When the
turning point is US$ 27,106.23, the emissions cbak to increase as income per capita increases.

The first ascendant part of the EKC reveals that XB6 countries are within this income
range. That is, more than 80% of countries analym=ponsible for 50% of total of emissions periteap
would be yet far from entering the descendent phathe curve because their income is very infetoor
the turning point calculated.

This result seems to corroborate the global impa&Cz emissions, revealing that there is little
incentive for countries to take unilateral actidwsreduce their emissions. Besides, the multilatera
actions are being developed slowly. With more t8@%0 of the sample presenting a CKA monotonically
crescent, it would be proper to determine emissieduction goals for an ample set of countries.
According to Cole et al. (1997, p. 409), “althoughny nations look unlikely to meet their agreedear
the very existence of the targets at least indscttat the issue of climate change is slowly engethe
political agenda”.

In the sample, only 21 countries, responsible #¥3f the total emissions per capita lie in
the descendent part of the curve, that is, onl$%20f the sample have GDP per capita above 12,342.3
and below 27,106.23. It is noteworthy that 14 ofitheese 21 countries are signatory of the Kyoto
Protocol, such as, Australia, Germany, United Komgd Canada, lItaly, France, Spain, Netherlands,
Belgium, Greece, Austria, Finland, New Zealand kealand.

The ten nations (or 5.98% of the sample) are insde®nd ascendant part of EKC, that is, have a
GDP per capita above 27,106.23 and are responfibl&6% of emissions per capita, namely, USA,
Switzerland, Sweden, Norway, Luxembourg, Icelasthnd, Ireland, Denmark and Japan. The positive

coefficient that accompanies the varial;lé suggests that CQemissions per capita eventually come

back to increase, revealing that the U shapedioakitip can be only temporary. All European co@stri
in this part of the curve, beside Japan, ratifleglKyoto Protocol.

Using only sixteen countries, Moomaw and Unruh @9%und out an N shaped EKC for
COz emissions per capita. The turning point estimditgdhe authors was US$ 12,813, value near the
found one in this paper. Using a 34 country samible,turning point found by Agras and Chapman
(1999) was US$ 13,630 for G@missions per capita.

The present paper suggests that the differenceagtnming points for emissions per capita are
not so big as believed Selden and Song (1994% Warth to point out that the 167 country sample
adopted here is much larger than any sample usthe IBKC literature.

A noteworthy result is the coefficient presentedKyyoto Protocol dummy variable, which
revealed negative and significant, suggesting tloantries that ratified the Protocol until 2004 \ebu
already be causing a reducing effect on the emmssitn this case, although only started in 2005,
February, this variable revealed that the counthes ratified the agreement are already contniiguto
reduce their C&emissions per capita, even though this reducti@mall (0.06 metric tons).

If environmental improvements are also provokedphbbplic policy changes, so the growth
and the development can not substitute these pslidihe absence of vigilance in any region or agunt
leads to the situation that there is always thesipddgy of that a greater production causes a tgrea
consumption of scarce resources (Torras and BA@SSH).
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The fact of most countries lie in the first ascemdaart of the curve raise the discussion, once
again, about the role that the development coumnsimuld play in international agreements for fimgjt
emissions. If the economic growth leads to a rednaf CQ emissions after a certain income level, in
the case of global EKC estimated here, the effettis reduction is yet very small because simpulyne
nations would be in income ranges that would fdkir decrease.

In the case of developing countries, an importamistjon would be that the G@eduction targets
should take into account the each country’ resplitgiin the total emissions at the global leviel.the
period under study, some developing countries Hagh emissions per capita, such as China, South
Korea, Mexico, South Africa and Venezuela. It isessary that these countries also commit themselves
with the reduction of greenhouse gases to not oaolyr a displacement of pollutant industries frdme t
more developed countries to these nations. Howeherdiscussion about G@eduction targets lies in
the fact of that developing countries are the bgponsible for the total stock of carbon in thecsphere
and, thereby, the reduction targets should be &xtusuch more in these countries.

Besides, the fact of USA to be the most respon$dl€Q emissions in the world and its refuse
to ratify Kyoto Protocol can be exerting an infleentoward the increase of emissions and conseguentl
for the N shaped EKC.

It is noteworthy that the coefficient of spatialagged dependent variable (8) is negative and
significant. It indicates that the neighbors’ erugs increase has a negative effect on, €@issions per
capita. This effect is reduced about 0.02 metntstof carbon. This variable seems to suggest tkat C
emissions follow a dispersion pattern and not aebntration pattern. This can have happened dugeto t
fact of the regression control for other explanateariables, as well as the residuals are cormlate
spatially in a negative fashion. More importantigvertheless, is that the variable is correctirgsibatial
dependence problem existent in the data.

Another reason of this dispersion of £@missions across the countries can be the freggrid
problem. In the case of GEE emissions, the costgehts’ choices are imposed to all agents, disperse
along the world. Besides, the eventual benefitsuawg from the emissions reduction are distributed
among them. This manner, an individual agent dagshave incentives to invest in the reduction of
emissions and, rationally, would wish to expect tha other agents reduced their emissions in daler
participating only the resulting benefits (Brau2007). Shafik (1994) adverts that this problem woss
because of the uncertainty about the magnitudéefoenefits accruing from a emission reduction, as
well as because the period in which such benefiglavbe reached.

The dispersion can also be a result of policies tegulate only the developed countries’ £O
emissions, implying that the neighboring developr@untries increase their emissions due to the
displacement of carbon intensive activities from developed countries toward their economies.

Concerning the other explanatory variables, indhgse of trade intensityfl;, its coefficient is
negative and significant, as theoretically expecldds means the following: the larger trade intgnis,
the smaller the COemissions are. This result corroborates the edolind out by Grossman and
Krueger (1991) and Poon et al. (2006). An importiator is the firms’ exposition to international
competition, which leads to the incorporation bgsd firms of a more correct environmentally at&tud

The coefficient of the variableEC, is positive and highly significant, as theoretigal

expected. If the energy consumption has increadedgthe income range of the sample, a despite of
regular advances in the energetic efficiency, is swprise that the same thing takes place witkr CO
emissions (Colet al., 1997).

In the case of population density, Selden and Sd8§4) suggest that in countries with low
density there will be less pressure to adopt enwi@ntal patterns more strict and the correspondent
emissions from transport activities will be largéhe negative and significant coefficient for thegiable
PD; confirms this expectation, showing that a more ytaon density causes a reduction on2CO
emissions per capita. This relationship occurs mdrcause the society starts demanding more gualit
and environmental regulation and, thereby, start8ng pressure for a cleaner environment.

An issue which was not addressed in the literatar¢he endogeneity problem or “reverse
causality” that could exist between the £€missions per capita and GDP per capita and/oCthe
emissions per capita and dummy variable for thet&yRrotocol. The point would be that beside greater
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GDP per capita causes more £#nissions, a country with high emissions mightseagreater GDP per
capita. In the case of dummy for the Kyoto Protpdbk issue would accrue because not only the
countries that ratified the Protocol are causing thduction of emissions, but the emissions ofehes
countries might be low before these nations ratiftte Protocol. To check the existence of this
endogeneity issue was done the Durbin-Wu-Hausmsth ftg these variables. The null hypothesis of
exogeneity was not rejected at the 1% level botlGIOP per capita variable and dummy variable fer th
Kyoto Protocol.

5. Final Considerations

This study analyzed the relationship between incperecapita and C£emissions per capita
with a panel data with 167 countries over the me#600-2004. In methodological terms, a sophistitat
fixed effect model with spatial dependence was ttaoted to estimate the global EKC. The dependent
variable was regressed on GDP per capita, squabdig&r capita, cubic GDP per capita, trade intgnsit
energy consumption per capita and a dummy to itelicauntries that ratified Kyoto Protocol.

By extending the model including the cubic form GDP per capita one concludes that
continuous income increase does not guaranteeadignaous improvement of environmental quality,
provided that the relationship between EKC and, @@issions is just temporary because an N shaped
EKC was found. This means that the relationshipvbeh income and emissions is not automatic and,
thereby, possibilities for designing public polgi@and international agreement accrue as a form of
promoting the environmental improvement, as suggebly Grossman and Krueger (1994) and Stern
(2004).

The turning points calculated were US$ 12,342.3#1@a8% 27,106.23. From this econometric
result, it is noteworthy to shed light on some imaot issues. For instance, the fact of 80% ofstmaple
do not have income per capita above the first higroint calculated, that is, the majority of coled
would lie in the ascendant part of the curve. Téeéems to corroborate the global impact of2CO
emissions, revealing that there is little incentteenations to take unilateral actions to reducerth
emissions.

Other important issue is about the negative antlyigignificant coefficient for the dummy
variable indicating the countries that ratified KgdProtocol. The compromise of these countries to
reduce effectively their emissions begin in 200@widver it seems that these countries have already
begun to reduce their emissions per capita. Actudllis variable can be capable of capturing the
country’s proneness to reduce emissions.

This result shows that the potential relevancentdrnational agreements in the reduction of
global amount of emitted dioxide carbon. Thereftine, economic growth itself can not substitute mubl
policies that try to reduce G@missions.

Although international agreements can be imporitatite reduction of greenhouse gases, the
emissions need be targeted according to each gainésponsibility in the total amount of emissions
Only sixty countries are responsible for about 78fthe total emissions over the period under study.
These countries lie mainly in Europe (38 countridddrth America (Canada and USA), Asia (14
countries), Africa (Libya and South Africa), in Geal America (Trinidad and Tobago), South America
(Venezuela) and Oceania (New Zealand and Austral)out these countries, only the outliers,
represented by USA, Aruba, Australia, Bahrain, Bru€anada, Kuwait, Luxembourg, United Emirates,
Trinidad and Tobago are responsible for more th@fk f the total amount of COemissions.
Consequently, any try to impose a regulation mesharfor the global environmental management
should observe these distribution effects.

One can conclude that a global EKC forG#missions per capita hardly reach the descendent
part of the curve unless multilateral public paiare implemented. The coefficient of the variable
indicating the countries that ratified Kyoto Pratbsuggests multilateral policies can help to redG&
emissions. However, it is necessary that more cmsntommit themselves in this reduction, provided

® The table reporting the Durbin-Wu-Hausman tesis the appendix of this paper.
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that the effect of this variable revealed smallv&eping countries also should adopt targets acagrid
their responsibility in the total amount of emigso

In sum, the main conclusion of this paper is tltan®@mic growth does not guarantee the cure
for the world’s environmental problems. Proper ihatkral environmental policies can have a
fundamental role in the reduction of GEE emission$ie Earth.
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7. APPENDIX
Countries that take part of the Annex | of the Kyob Protocol
Countries Ratification year % of the total 1990 CQ emissions
USA | 35.04
Russia 2004 17.50
Australia 2007 1.86
Croatia 2007 0.00
Liechtenstein 2004 0.00
MonacO | e 0.00
Germany 2002 6.96
Japan 2002 6.91
Ukraine 2004 4.40
United Kingdom 2002 4.20
Canada 2002 3.34
Italy 2002 2.91
France 2002 2.62
Polonia 2002 2.29
Check Republic 2001 2.06
Spain 2002 1.59
Netherlands 2002 1.48
Romania 2001 1.22
Belgium 2002 0.87
Bulgaria 2002 0.59
Greece 2002 0.57




Hungry 2002 0.47
Denmark 2002 0.39
Austria 2002 0.39
Sweden 2002 0.38
Finland 2002 0.37
Switzerland 2003 0.31
Portugal 2002 0.31
Norway 2002 0.24
New Zealand 2002 0.20
Lithuania 2003 0.19
Ireland 2002 0.18
Luxembourg 2002 0.08
Estonia 2002 0.07
Island 2002 0.02
Latvia 2002 0.00
Slovaquia 2002 0.00
Slovenia 2002 0.00
Total 100.00

* Countries that do not ratified the Kyoto Protacol

Table of Durbin-Wu-Hausman test

Test of endogeneity of: GPD per capita
Coefficient 1.43875 p-value 0.23034

Test of endogeneity of: Kyoto Protocol dummy
Coefficient 6.44280 p-value 0.01114




