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Abstract

We analyze the relation of G@missions per capita and primary energy per capita
GDP per capita and other relevant variables, fer glariod 1971-2011. Two dynamic
econometric partial adjustment models are estimatdg data from the International
Energy Agency. The results suggest a relationithedmpatible with the hypothesis of the
environmental Kuznets curve, and whose turningtgsane within the range of the sample,
reflecting a change in the relations between bothcators and GDP per capita. Several
factors explain this change, the policies appliedind) the period being crucial. We
compute the trajectory of the elasticities of thesgironmental pressures with respect to
GDP, which decline significantly over time. We depgea new method, better fitted for
asymmetric distributions, to compute the confidemtervals of these elasticities. Some
determinants of the reduction of these environmeptassures are the change in the
composition of primary energy sources, which eathboth primary energy savings and a
reduction in CQ emissions, as well as the favorable impact ofrélggilations imposed by
the government aimed at controlling €®missions from the transport and industrial
sectors. The results provide important insightstti@er design of environmental and energy
policies in developing countries to allow econoan social improvement without further
growth in energy use and emissions.

Keywords. CO, emissions; environmental Kuznets curve; partigjustchent model;
primary energy.



1. | ntroduction

The share of developing countries and emergingao@s on total emissions has steadily
increased in last decades. Moreover, even thougie sleveloped countries have managed
to limit emissions growth, the increase experienicedeveloping countries has led to a

constant increase in global greenhouse gas emsssitonsequently, the analysis of the
determinants of emissions in developing countried af the energy and environmental

policies that may lead to curb fossil fuel consuomptand emissions growth in these

countries is crucial in the challenge of mitigatigpbal greenhouse gas emissions. Of
special interest is to study how these countriesdcdecouple their economic development
and social welfare from the consumption of fosgél$ and associated emissions. In this
paper, we study whether this was the case for Cailpand which were the determinants
and/or policies allowing this, which could then yide important insights on the measures

allowing a more sustainable growth in developingraades.

The Colombian economy was much affected by a stemaggy crisis during 1992-1993,
caused by the El Nifio phenomenon. This led the mowvent to develop an Energy
Emergency Plan and periodically formulate energypbuand diversification strategies,
using alternatives compatible with a more sustdealevelopment, such as natural gas,
hydroelectric power plants and biofuels (Law 692001 and Law 939 of 2004). Together
with this situation, at the end of 1992 the new IRund Electric Utilities laws of the
Political Constitution of 1991 were introduced (UBEM2007). This impulse to the
development of the energy sector continues at pte¥ee Development Plan 2015-2018
has among its purposes to move towards low-carbstaisiable growth, through the use of
clean and unconventional sources of energy, witienframework of green growth (DNP,
2015).

The trajectory of the use of primary energy in @abea between 1971 and 2011 shows a
significant decrease after 1996. During this pettoglgeneration of electricity from natural
gas and hydroelectric plants increased, with grawaths of 5.1% and 4.9%, respectively,
and the use of petroleum products for the generatielectricity decreased, with a growth
rate of -5.1%. These elements contributed togetbes decrease of the total primary
energy consumption. The use of coal and otherlfasslis and their derivatives was also

reduced. The greater weight of natural gas, todgteiment of the most polluting fossil
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fuels, would largely explain the behavior of carlmboxide (CQ) emissions, which went
from 1.67 t CQ per capita in 1997 to 1.42 t G@er capita in 2011, compared to values for
Latin America as a whole of 1.84 t ¢Qer capita and 2.46 t GQer capita, respectively
(IEA, 2012). In the same period there was significaconomic growth in Colombia, with
an average annual rate of 3.8% in the period 1901%t2only in 1999 was there a negative
rate of growth of -4.3%. According to Ocampo (19883 Esguerra-Roa et al. (2005) the
Colombian economy has experienced changes in tguptive structure, towards a
tertiarization. It would then be interesting to Bua the relation between the decrease in
the consumption of some energy sources (and assoamissions) and the behavior of

economic activity.

The interest in analyzing the relation between eoon and energy increased at the
beginning of the 1970’s, due to the oil crisis @asdmpact on the world economy. Later, at
the beginning of the 1990s, several studies sugdéesiat for some polluting substances
there was a delinking with economic growth fromeatain level of income per capita
(Grossman and Krueger, 1995; Panayotou, 1993), laiom that is known as the
environmental Kuznets curve (EKC) hypothesis. Timging led some authors to argue
hurriedly that the solution to environmental prabte was just to promote growth
(Beckerman, 1992), although most subsequent studismissed this option and
highlighted the need for environmental policiesyadl as the role played by these in the
cases in which such delinking occurred (Ekins, 19®&nayotou, 1993; Dasgupta et al.,
2002). The results in the literature are varieddifig evidence for and against the EKC
hypothesis, the pollutants with long-term effestsch as Cg being pollutants for which it
is less clear that the hypothesis is fulfilled (€et al., 1997; Roca et al., 2001). Moreover,
most studies finding evidence in favor of the hyyasis obtained turning points that are
above the average income level of most countried, especially of the average income

level of developing countries.

Most of the first papers analyzed the hypothesisgimups of countries with panel or

cross-sectional data. However, several authors estigtpat it is more appropriate to

conduct studies at the country level in order tgettgp a more in-depth analysis of the

relation that occurs in each case (De Bruyn etl&98; Roca et al., 2001; Dijkgraaf and

Vollebergh, 2005; Piaggio and Padilla, 2012). lidlinal analyses would also be more

appropriate given the empirical evidence that tledation between environmental
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degradation and per capita income may be diffel@ndifferent countries in aspects such
as functional form, parameters, and turning poifidgkgraaf and Vollebergh, 2005;
Piaggio and Padilla, 2012).

The present work aims to improve the knowledgehef rtelations between energy, £0
emissions, and economic activity, so as to conteilbo a better planning of energy use and
emissions control without harming economic develepit{a requirement expressed in the
National Energy Plan 2006—2025 and in the Plandvii€€olombia 2019). In short, we are
going to investigate: the relations of GDP per tapiith per capita energy consumption
and CQ emissions in Colombia, during the period 1971-2@d4ting the EKC hypothesis
(and whether there was a turning point within tampgle), as well as the significance of
other variables for these environmental pressamed;the elasticities of these relations and

their change over time.

To address these objectives, two partial adjustmeadels (PAM) are estimated. Unlike

previous studies done for Colombia that used stgigations (Correa-Restrepo et al.,
2005), a dynamic equation is used, and differentalsles are considered besides income.
In addition, to deal with the relatively small sioé our available sample, we have

developed an alternative to the asymptotic distiioumethod to estimate the confidence
intervals of the long-run elasticities. The new goeed approach relies on simulation
techniques and enables us to take into accourgaimple size as well as the asymmetries

of the distributions.

The rest of this paper is organized as follows.tiBe provides a brief conceptual and
empirical reference framework for the relationsassn the level of economic activity and
environmental pressures. Section 3 explains th@ daurces, the methods, and the
specification of the model. Section 4 presentsdiadusses the results. Section 5 presents

the conclusions.



2. Conceptual and empirical reference framework
The EKC hypothesis posits the existence of an tedeiU-shaped relation between

environmental degradation and per capita incomdgi{Biet al., 2016; Stern, 1998)

Among the pioneering works, Grossman and Krueg@®3l and Panayotou (1993) found
some evidence of an inverted U-shaped relation dmtweconomic growth and some
polluting substances, while the World Bank (199&8sented various graphs showing this

type of relation for some indicators of environnamjuality.

According to this hypothesis, the initial phaseesbnomic development of a country is
characterized by the development of industry aniduipog extractive activities, so that
emissions increase as production increases. Inséoend phase, a certain threshold
(turning point) is reached, from which economicwgifo allows the adoption of new, less
polluting technologies and, in addition, increadbe share of the services sector
(supposedly less pollutingiind information-intensive industries. Moreovee ttigher per
capita income could translate into a greater peefez for environmental quality (Ayres,
2008; Dinda, 2004; Grossman and Krueger, 1995; Nada7).

Even though in some cases there is a delinking detwenvironmental pressure and
economic growth, as suggested by the EKC, thisdcbel a temporary situation, as De
Bruyn and Opschoor (1997) state, so there could lager re-linking (due to the possible
exhaustion of mitigation opportunities), convertiadditional growth into environmental
degradation. These authors also distinguish twmd$onf de-linking or dematerialization in
a growing economy: weak (relative) dematerializaticand strong (absolute)
dematerialization. The first is characterized bygrdasing the intensity of use of materials
or waste per unit of production. The second mehas the total environmental pressure
decreases over time. In terms of environmental ayghe important thing is to analyze

whether or not a strong dematerialization occurs.

In the literature, multiple determinants of emissichave been analyzed in addition to
income, such as, for example, the inequality of goand wealth (Boyce, 1994; Ravallion
et al., 2000; Torras and Boyce, 1998), the strectirthe energy supply (Roca et al.,

! The EKC owes its name to its analogy with the Kaigrcurve, which reflects the relation found by Hets
(1955) between the level of per capita income aeduality (Stern, 1998).

2 However, some service activities are highly poily (Roca and Padilla, 2003), as is the caseanifsport,
or require inputs from highly polluting activitiesp that they would be indirectly responsible fbeit
emissions (Alcantara and Padilla, 2009; Piaggial.e2014). Hence, it cannot be conclusively staled the
tertiarization of an economy necessarily implidsveer environmental impact.
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2001), the degree of urbanization (Jiang and Har2l@®l), the composition of production
(Piaggio et al., 2017), openness to foreign tr&iwpéland and Taylor, 1994; Piaggio et al.,
2017), or even less “conventional” determinantsgchsas the degree of confidence
(Carattini et al., 2015), among others. Howeveregithe number of possible determining
factors and their possible correlations, authorterofdecide to directly relate the
environmental pressure with the GDP per capitdhabthe whole of the (apparent) direct
and indirect relations established between bothabkes through different channels is
taken into account (Piaggio and Padilla, 2012)arg case, most studies emphasize that a
fundamental element that influences the relationwben economic growth and
environmental degradation are the public policisforeed (Bernauer and Koubi, 2009;
Carson et al., 1997; De Bruyn and Opschoor, 19%&gDpta et al., 2002; Dinda, 2004,
Panayotou, 1997; World Bank, 1992). The importantehe quality of policies and
institutions for reducing environmental degradataaiow income levels and accelerating
improvements at high income levels is highlightedasgupta et al. (2002) and Panayotou
(1997).

Several studies have found that the relation betve®®nomic growth and environmental
degradation can take different forms, dependinghertype of pollutant, the database, the
period analyzed, the model specifications, andhiibéhods used, so that, although the EKC
hypothesis could reflect what happens in some césesmpirical evidence would not be
too favorable to it as a general explanation ofrilation between economic growth and

environmental degradation.

There are varied results in the literature. Sonoeliss find that some countries during
certain periods fulfill the EKC for some pollutar{Gole et al., 1997; Galeotti et al., 2006;
Grossman and Krueger, 1995; List and Gallet, 19@9ther studies there is contradictory
evidence for the same pollutants (Gergel et aD42Qist and Gallet, 1999), depending on
the region analyzed and the estimated model. Gtiuglies have found evidence contrary
to the EKC hypothesis (De Bruyn, 1997; Friedl aretzBer, 2003; Galeotti et al., 2006;
Halkos and Tsionas, 2001; Lindbeck, 2000; Panaydté@7; Roca and Alcantara, 2001)
for the environmental pressure indicators studiddhe studies employ different

econometric methods. In contrast to the first gsidin many post-1995 studies the

problems of autocorrelation and heteroskedastaigy corrected for and consistency and
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simultaneity tests are carried out to avoid errofsbias depending on the estimation
technigue used. Specifically, in the case of tirrdes models, the hypothesis of non-

cointegration between GDP and emissions is tesieed| and Getzner, 2003).

Much of the literature that finds evidence favoeatd the EKC hypothesis is carried out
with cross-sectional data, where the models estithassume homogeneity in the form of
the relation between emissions and GDP for thesdifft countries and in its parameters
and, therefore, the turning point in the relatiblowever, this assumption of homogeneity
was rejected when empirically tested (Dijkgraaf avidllebergh, 2005; Piaggio and
Padilla, 2012). It seems, therefore, that studiemdividual countries that go into more
depth about the relation that occurs in each caeald make more sense. This would be
the case of, for example, the studies for Austfiaefll and Getzner, 2003), China (Jalil
and Feridun, 2011), Sweden (Kristrom and Lundg&8Q5), Malaysia (Vincent, 1997),
Spain (Roca and Alcantara, 2001; Roca and Padid3; Roca et al., 2001), and Uruguay
(Piaggio et al., 2017), among others.

The patterns of the relation between income and@mwental degradation depend on the
economic structure, access to technology, publidicipe and trade, as well as

environmental regulation, among other possibleofactHence, the way the region has
faced the oil crises and the policy measures thak lbeen adopted to improve energy

efficiency become highly relevant, issues that wesader in our research.

3. Data, methods, and model specification

3.1. Data

The data used for the estimates come from thenatie@nal Energy Agency (IEA, 2012).
CO, emissions are measured in billions of tons, pdpmuian millions of inhabitants, gross
domestic product (GDP) in trillions of 2005 dollars purchasing power parity (PPP)
values, and the total supply of primary energy ahdome types of energy (natural gas,

coal, crude oil, and renewable energy) are measanedlions of tons of oil equivalent.

3.2. Methods

We first graphically analyze the behavior of théagdatudying whether the data apparently

shows weak (emissions or energy per unit of GDPtrmng (CQ emissions or per capita
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energy) decoupling from GDP per capita. To do this, produce various scatter plots,
showing a smoothed least squares line for the asisgberiod, which allows observing the
pattern of behavior of the data and identifyinggiole linearities in the relations between

the variables over time (StataCorp, 2007).

We then proceed to the estimation of a PAM thaivad| observing in a more interactive
way the trajectory of the variables over time, mgkinto account different determinants, as
well as identifying the functional form of the retm and, in the case of finding evidence
in favor of the EKC, determining the income levéttee turning point.

Previous studies have used the PAM to analyze flofvenaterials, total energy, and
sectoral energy (Dilaver and Hunt, 2011), as welt#ferent polluting emissions (Agras
and Chapman, 1999; De Bruyn et al., 1998). Ourysisidhe first to apply this method to
the analysis of environmental pressures in the i@blan case.

The use of the PAM allows us to analyze the retstioetween the variables: i) identifying
if there has been a change in the parameters ahtioel and estimating the equilibrium
equations; ii) directly estimating the influence wicome and some socioeconomic
variables on the environmental pressure indicaiigr;explicitly considering the past
evolution of environmental pressure as a possitflagnce on the present (the reason may
be technological, psychological, or institutional)y examining the speed with which the
changes take place. This is achieved by calculatwegelasticities. The short-run ones
capture the change in the rates of use of theiegifiow and the long-run ones capture

both changes in the rate of use as well as chandbe economic structure.

3.3.  Specification of the model

According to the model, the dependent variablgCO, emissions per capita or primary
energy per capita in a given year) dependsXgm vector of different socioeconomic
factors or other variables (GDP per capita, regutatand energy structure) that influence

Y, a is the intercept, thgfs of the vectorX; are the coefficients of the explanatory

variables, an't _is the error term:

D Y =a+BX+y



The adjustment process can be represented as:

¥3% =A(%5 ¥

Observed change Desired change=
(2) =long run changt

The equation specifies that the change observéukeienvironmental pressure indicator at
any timet, is a fractionl of the long-run change, whetes the adjustment coefficient. It is
assumed that the coefficient is between 1 and @. dibser to 1 is the coefficient, the

higher is the speed of the adjustment.

Two models are estimated, one for the use of enangythe other for COemissions. We
take the series in logarithms, so that the coeffits are interpreted as elasticities.

In model 1, the equation estimated for energy is

PE |_ GDR % ’ PE NG+ PE HIDR B RE
) In[ POE]_EOJrﬁl In[ POE]JrﬁZ{ In[ POPH +ﬁ3{ In[ Ep TOTAL }(1 A) Ir{ PQP]

where the lagged dependent variable measures it@mnethat energy consumption has

with the one in previous period and makes the mabglamic. The GDP per capita
coefficient measures the impact of the scale oflpection, while, according to its usual
interpretation in the EKC literature, the squaradiable shows the endogenous change in
the relation as the income level increases duehtmges in the productive structure,
consumption patterns, and technology, among otbtarishinants. The EKC hypothesis is
met if the variable in levels has a positive vadurl the squared variable has a negative

one (Grossman and Krueger, 1995). The coefficiéh® proportion of natural gas plus

PENG+PEHIDRO,

hydroelectric energy in total primary eneré ) reflects the impact of a

¥ PETOTAL:
change in the composition of energy sources towaodsces that are more efficient in

their transformation into final energy. These ahe two main primary sources of

electricity generation in the country. Both contitd to a lower energy consumption due to
their high efficiency in the transformation of pany energy to final energy. In addition,

generation occurs in the same place where it iswoed, avoiding transformation and
distribution losses (UPME, 2014).

In model 2, the equation estimated for {&nissions is



co, ). GDP Gop\[ PE RENO . co,
(4) lr{m]_ﬂo"'ﬁl |V’( POP]+IB2|: lr{POP]:| +;B3|: ln[ EE TOTAJ:|+‘BAGI +(l /1) I’{ PQP]
As in the previous model, the lagged dependenalibrimakes the model dynamic and

shows the relation between the current generatfoenossions and that in the previous

PERENO;

period. The proportion of renewable energy in t@anary energy( ) made up

EPTOTAL¢
mainly of hydroelectricity, biofuels, solar, and ndi are clean energies that would
contribute to a lower generation of €@missions per capita. For example, in Colombia,
sugarcane ethanol is associated with a 71% reduaticemissions (IPCC, 2011). The
variableG; is a proxy variable for regulation, since factmated to changes in legislation
can affect environmental quality (Apergis and Okt@015). It is a dichotomous variable
that takes the value zero before 1998 and one 28@8. Some Colombian government
regulations related to the control of environmergallution include: a) Decree 948 of
1995 that establishes standards for air qualityroband establishes different progressive
guotas especially from 1998. b) Decree 1228 of 187 determines emission regulations
for automotive vehicles. c) Resolution 619 of 198t establishes atmospheric emission
permits for certain industries and activities witked emission sources. d) Laws 693 and
697 of 2001: the first promotes the rational userwrgy and the second creates incentives

to use biofuels to reduce emissions.

The estimation of the short-run elasticity of £@missions per capita (or the use of
primary energy per capita) with respect to GDPgaguita is calculated using the following

expression:

oM
=— =B +2BX
(5) ”sr a)(t :BO 131 t

If 7>1 thereis a high response capacity of,@@issions per capita (or use of primary
energy per capita) to changes in income., @issions (or the use of energy) would

behave like a luxury good.
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if 0<n7<1 higher revenues lead to a proportionally loweréase in C@emissions (or
energy use) per capita. There would be changesmbalid reduce the impact of GDP on

emissions with respect to what the scale effectleveuggest.

Si”7<0 thereisa negative relation between,@@issions per capita (or energy use) and

real GDP per capita. This result would be conststeth the EKC hypothesis.

In the long term, the elasticities of the indicabbrenvironmental pressure with respect to

GDP per capita are estimated applying the follovaggation:

”Ir:ai: IBO +2 IBl Y
(6) oxX 1-4 1-A

Under the hypothesis of normality, a 70% confidemterval of the elasticity around the
mean can be obtained by adding and subtracting fr@mmean the standard deviation of
the elasticity.However, if the distribution is asymmetric, two pts must be highlighted.
First, the mode of the distribution can be moraesentative than the mean to the extent
that the mode and the mean differ (the mode isnbst probable value). Second, the mode
and the confidence interval must be obtained byukition methods, as explained in
Annex 1. In fact, in an asymmetric distributione tidth of a 70% confidence interval is
smaller if this interval is built around the modetbe distribution than when it is built

around the mean.

Finally, to estimate the turning point of incor€TP) where the environmental pressure

indicator reaches its maximum, the following expres is used:

Y(TP) = exp[(;glz)j

(7)

where 'Blis the coefficient for the income variable in Ie/ahd'g2 the coefficient for the
squared income term.

11



4, Results

4.1. Graphical analysisof therelations between energy or CO, emissionsand GDP

in Colombia

We carry out a graphical analysis of the relatibesveen energy consumption, emission
generation, and GDP per capita. This allows obegrwhether there is any type of
(weak/relative or strong/absolute) delinking widspect to energy consumption and,CO
emissions. Figure 1 shows the relation betweenggnger unit of product and GDP per
capita. This shows a negative correlation betwkervariables, indicating that, as GDP per
capita increases, there has been a decrease gyeerunit of output. That is to say, there
Is an apparent relative delinking (weak demateraion) between energy and economic
growth. Figure 2 shows a relatively similar behawden analyzing the relation between

CO, emissions per unit of product and GDP per capita.
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Figure 1. Figure2.

Relative delinking of energy. Relative delinking of CO, emissions.
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As shown by Figure 3, there are two changes irre¢taion between primary energy per
capita and GDP per capita. First, the relation betwenergy per capita and GDP per
capita changes from a strongly positive correlatthuring the period 1971-1996 to a
negative correlation during 1996-2006, whereasr &@07, the correlation is again
positive until 2011. Figure 4 shows a similar bebavor the relation between GO
emissions per capita and GDP per capita, with ifierence that, in this case, the changes

occur later, so that the first change occurs ir818%d the second in 2007.
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Figure 3. Figure4.

Absolute delinking of energy. Absolute delinking of CO, emissions.
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Both in Figure 3 and Figure 4, during the firshg#ion, the formation of an inverted U is
observed, similar to that described by the EKC Hlygesis. This means that, as of 1996 and
1998, the consumption of energy and the generati@missions, respectively, present an
apparently absolute disconnection with economiongno(dematerialization), since the
increase in GDP does not seem to entail greatesseons of CQ nor higher energy
consumption. The same figures show a possible sec&dion in 2006 and 2007 of the
ratio of GDP to primary energy consumption and,@missions, respectively, though

there are not enough years in the sample to irelibat this was clearly the case.

According to the literature on the EKC, the reasomsst commonly used to justify a
decoupling such as that observed are technologibahges and structural changes
(Grossman and Krueger, 1992; De Bruyn et al., 1,9873ddition to (or as a result of) the
enforced policies. In the case of Colombia, thesanges could have occurred and
interacted with other factors, generating modifaras in the composition of the energy
sources and the intensity of the use of the madsemdext, we estimate a PAM to analyze

in greater detail the relations between the vaemlbihd the influential factors.
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4.2. Reaultsof the econometric estimations

Models 1 (Equation (3)) and 2 (Equation (4)) argnested for energy consumption per
capita and C@ emissions per capita, respectively. In the emmssionodel, an

autocorrelation problem is identified and correct&tus, the estimated models do not
present problems of autocorrelation or heterosdmitgs Likewise, the joint explanatory

capacity of the variables included in the modekigh since they have a high goodness of
fit. When applying the stationarity test, the indival variables are non-stationary, but
their linear combination seems stationary accordang cointegration test applied to the

A

residuals't .

The models were estimated with OLS using a dynastigcture, following the PAM,
where the lagged dependent variable was very signifin all cases. As expected in this
type of model, the long-run elasticities are gre#itan the short-run elasticities and have a

similar interpretation (see Tables 1 and 2).

Tables 1 and 2 show that all the coefficients eféxplanatory variables are significant at
1%, except those of the linear and quadratic GDPcppita, which in both models are

significant at 5%. The coefficients or elasticitestimated for both models of the different
variables related to energy structure and reguiadie analyzed below, commenting later
on those relative to GDP per capita and the squeaaedble, where we will carry out a

more detailed analysis studying their evolution.

In the case of the energy model, the coefficieldted to the composition of the primary
sources of energy most used in the country in @meation of electricity is -0.17. In other
words, if the proportion of energy production framatural gas and hydroelectric plants
increases by 1%, primary energy consumption deesehg 0.17% in the short run and
0.47% in the long run, ceteris paribus (see Talilesnd 2). The decrease in energy
consumption would be due to the greater efficien€ythese energy sources in their
transformation processes, which, among other thimgy be associated with cogeneration,
higher R&D, better performance of new technologiasgd the decentralization in the

generation of energy with its consequent reduatidosses (UPME, 2014).

Regarding the model of GGemissions, the elasticity of renewable energy eonion
with respect to C@emissions is -0.31 in the short run and -0.9helbng run, involving

15



a favorable impact for the environment. In the long, this means that a 1% increase in
the proportion of renewable energy use contribtiies decrease in the generation of per
capita emissions of -0.93%. The estimates obtaaredslightly high compared to the
literature. Bilgili et al. (2016) found negativeasticities for renewable energies with
respect to C@® emissions in five countries (Austria, Belgium, €se, Portugal, and
Turkey) for the period 1977-2010. In Colombia, telements that may have favored the
reduction of emissions are the promotion of theonal biofuels policy promoted in Law
693 of 2001, based on Laws 142 and 143 of 1994; Rrahgram for rational and efficient
use of energy and other forms of non-conventionatgy (UPME, 2015).

The dichotomous variablg; of the CQ emission model, related to regulatory instruments,
turns out to be negative and significant at 1%jcatthg that the measures taken by the
government (with effect after 1998) related to ttmmtrol of emissions and air quality
(Decree 948, 1995; Decree 1228, 1997; Resoluti®) $397) had a favorable impact on
the conservation of the environment. The coeffic@nthe variable is -0.12 in the short
run and -0.37 in the long run (see tables 1 anthZpe latter case this means that, keeping
the other factors fixed, GOemissions per capita decrease during the periothef
regulation (with respect to a no-regulation sitoiati That is, when control instruments
were established on the g@missions of the industry and the transport sepr capita
emissions decreased by 0.37% after 1998. Apergis @rturk (2015) also obtained
negative coefficients (-0.186 to -0.168) in Asiautries for a variable of this type in the

long run.
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Table 1. Short-run estimates of models 1 and 2.

Short-run Standard  Statistical P-value

coefficient error value

Model 1 (dependent variable In(PE/POP;))
Intercept -2.14 0.74 -2.9C  0.0064 ***
In(GDPR/POR) 1.7¢C 0.67 2.5z 0.0166 *
(In(GDP/POR))? -0.3¢ 0.17 -2.3C  0.0278 *
In((PE_GN+PE_HIDRQ)/PE_TOTAL) -0.17 0.0¢ -3.2¢  0.0023 **+
In(PE../POR.;) 0.64 0.1C 6.25  0.0000 ***
M odel 2 (dependent variable In(COx/POP,))
Intercept -1.44 0.4z -3.31  0.0023 ***
In(GDP/POR) 1.2C 0.44 2.7z 0.0104 *
(In(GDP/POR))? -0.2¢ 0.1z -2.44  0.0206 *
In(EP_RENOVYEP_TOTAL) -0.31 0.0€ -4.8¢  0.0000 ***
G -0.1z 0.0z -7.97  0.0000 ***
In(CO;.1/POPR:.1) 0.67 0.0¢ 10.42  0.0000 ***
AR(1) -0.51 0.17 -3.0€  0.0044 ***

Model 1 Model 2
R? adjuste: 0.8C 0.9z
Dw 1.8 1.9t
F joint significanc 40.29 *** 73.97 ***
White Tes 1.2 1t
F-Valor White 0.3Z 0.2C
Lagrange Multiplier te: 2.t 0.4
P-Valor ML 0.¢ 0.67
Turning point (Thousands U$ 20t 8572 771
N 40 38

Note: ***** denote the level of significance at 1&nd 5%, respectively.

Source: Produced by the authors with IEA (2012xdat

Table 2. Long-run estimates of models 1 and 2.

Long-run Standard ~ Statistical P-value

coefficient error value

Model 1 (dependent variable In(PE/POP;))

Intercept -5.98 1.41 -4.2%  0.0002 ***
In(GDP/POR) 4.7z 1.3¢ 3.4Z  0.0016 ***
(In(GDP/POR))? -1.1C 0.3€ 3.0z 0.0046 **
In((PE_GN+PE_HIDRQ)/PE_TOTAL) -0.47 0.1z -3.7¢  0.0006 ***
M odel 2 (dependent variable In(COx/POP,))

Intercept -4.3E 0.8C -5.45  0.0000 ***
In(GDPR/POR) 3.64 0.8¢ 4.0¢  0.0003 ***
(In(GDP/POR))? -0.8¢ 0.2€ 3.4€  0.0015 **+
In(PE_RENOVYPE_TOTAL) -0.92 0.1% -6.4%  0.0000 ***
Gt -0.37 0.0€ -6.3z  0.0000 ***

Note: ***** denote the level of significance at 1&nd 5%, respectively.

Source: Produced by the authors with IEA (2012xdat



The positive coefficient of the GDP per capitaewdls indicates that the increase in the
scale of the economy increases environmental piessiihe coefficient of the squared
GDP per capita in both models, in the short ang lkam, is negative and significant. This

suggests that, after a particular level of GDP qaguita, there is a possible delinking. This
is observed for both energy and £€nissions. The difference in the value of thetlig

of the indicator of environmental pressure ¢&missions or energy) with respect to GDP
in the short and long run can be a reflection ef $tructural and technological change of
the country in the productive sectors, and the afignergy sources. In this regard, Stern
(2004) points out that the relation between peitaagnergy consumption and GDP per
capita is affected by the substitution between gyneand other inputs, technological

change, the change in the mix of energy sourcestl@athange in the composition of

production. Given the strong connection betweemggnand CQ emissions, these factors

also affect the trajectory of the emissions.

Some circumstances that may have promoted thisgehare: i) the beginning of the
process to liberalize oil prices, according to Rason 8-2439 (1998) of the Ministry of
Mines and Energy; ii) the impulse for the changehe composition of energy sources,
through the Natural Gas Massification Plan, sinteoagh this process began in 1986, it
was only at the end of the 1990’s that the infrattire that connected the production
centers with the largest markets was ready (UPMEQY, and iii) the establishment of a
full fuel substitution policy as of 1999, espegraNith regard to natural gas as a vehicular
fuel (UPME, 2015).

Next, we analyze in more detail the relation betweavironmental pressures and per
capita income and its evolution over the periodthie energy model, the estimates of the
elasticity of primary energy consumption per camith respect to GDP per capita in the
period analyzed show a downward trend to zero sgares 5 and 6 and Annex 2A). In
the short run, the elasticities have positive signg oscillate between 0.59 and 0, with a
confidence interval between 0.80 and -0.13 (sear€i§). The values are relatively similar
to those of previous studies done for Colombiadiffierent energy variables (Espinoza-
Acufa et al., 2013; Medina and Morales, 2007; Mead@utiérrez, 2010; Ramirez, 1991;
Vélez et al., 1991) and those made for other cas{Agras and Chapman, 1999; Bentzen
and Engsted, 1993; Dahl, 1991; Narayan and Smb5;2Pourazarm and Cooray, 2013;
Sene, 2012; Taghvaee and Hajiani, 2014). The langelasticity during the same period is
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between 1.5 and 0 with a confidence interval tlaaies between 3.2 and -0.9 (see Figure
6). According to the table in Annex A3, the longrrelasticity would also be in the ranges
of other studies for different energy variables@mombia (APEX, 1985; Espinoza-Acufia
et al., 2013) and other countries (Bentzen and tedg4993; Dahl, 1991; Kumar-Narayan
et al., 2010; Narayan and Smyth, 2005; Pourazarch @ooray, 2013; Sene, 2012;
Taghvaee and Hajiani, 2014).

Figure5. Short-run income elasticity of Figure 6. Long-run income elasticity of energy.
energy.
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Source: Produced by the authors with IEA (2012adat

In the model of C@emissions, the elasticity of emissions per capith respect to GDP
per capita during the period 1971-2011 presentssiiye relation in the first years that

decreases with time, until becoming negative (sgerés 7 and 8 and Annex 2A).

Particularly, in the short run, the income elasfiof CO, emissions per capita ranges
between 0.38 and -0.08, with a confidence intebpediveen 0.49 and -0.17 (see Figure 7).
The long-run elasticities are in a range betwedg and -0.25 with a confidence interval
of 1.49 and -0.54 (see Figure 8). This means thatdountry has decreased its L£O
emissions per capita with the increase in GDP peit& over the years (see Annex 2).
According to the table in Annex 3, some studied Similar short- and long-run elasticities
for other countries, such as Agras and Chapman9jl188d Jaunki (2011). Negative
elasticities appear after 2007, varying betwee®9-@nd -0.25. In this sense, Jaunki (2011)
also finds negative elasticities for the period 98005 that range between -5.14 and -0.13
for five countries: Malta, Oman, Portugal, the @diKingdom, and Greece.

Figure 7. Short-run income elasticity of ~ Figure 8. Long-run income elasticity of
CO; emissions. CO, emissions.
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4.3. Discussion

In the econometric models presented in Tables 12and the short and long run, the
coefficients of GDP per capita in levels are puesitwhile those of squared GDP per capita
are negative, showing an inverted-U shaped reldtaiween C@emissions per capita and
GDP per capita, and between primary energy petaapid GDP per capita. Other studies
have also found favorable evidence for the EKC hiypsis for CQ for other countries or
groups of countries (Apergis and Ozturk, 2015; Ca@04; Cole et al., 1997; Saboori et
al., 2012), while many others have found eviderga&irst it (Friedl and Getzner, 2003;
Roca and Padilla, 2003; Roca et al., 2001).

In the case of Colombia, the turning point estirdatéh Equation (7) occurs in 2007 for
per capita emissions and in 2011 for per capitaggneonsumption. This finding is similar
to results found by different authors (Apergis @&uxzturk, 2015; Cole, 2004; Cole et al.,
1997; Saboori et al.,, 2012) in different regionattheport a turning point of the EKC
within the period of the observed sample. In oudgt the turning point for Colombia is
estimated at approximately $ 8,573 per capita @ Rf US$ of 2000) for the energy
model and $ 7,713 per capita (in PPP of US$ of p&@0the model of C®emissions.
This is an interesting result, as for most develgptountries there is no evidence of a
turning point for CQ emissions within the sample. There are few exoapti such as
Saboori and Sulaiman (2013), who found a turninigtpoe Malaysia for a similar value,
8,267 (US$ of 2005), although in each case, thasaing points would result from
relations between income and environmental presstwaditioned by different

determinants and economic structures.
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In general, although the studies reviewed foundtiredly similar elasticities, they differ in
method, time analyzed, regional or sectoral cowerdgpe of energy considered, etc.
(APEX, 1985; Espinoza-Acuiia et al.,, 2013; Laverdei€a and Ruiz-Guzman, 2014;
Medina and Morales, 2007; Mendoza-Gutiérrez, 2(Rdmirez, 1991; Vélez et al., 1991)
(See Annex 3). In addition, the literature thatddébe EKC hypothesis for energy is scarce,
and no studies were found at the country or regitaveel for Colombia. In contrast, the
literature related to the models that analyze, @@issions is abundant. These studies
usually use different estimation techniques (suslGaS, fixed effects, random effects,
error correction model, cointegration, etc., tinegiess, panel data or cross-sectional data),
have different time spans and different regionasextor coverages (Acaravci and Ozturk,
2010; Agras and Chapman, 1999; Apergis and Oz20OR5; Bilgili et al., 2016; Cole,
2004; Cole et al., 1997; Halicioglu, 2009; Piaggmd Padilla, 2012; Roca et al., 2001,
Saboori and Sulaiman, 2013; Saboori et al., 2012).

The speed of adjustment is very similar for enargrysumption and CQemissions. In the
case of energy, an adjustment speed of 0.64 im{tlets64% of the energy consumption
adjustment occurs during the first year. For,@@nissions, this speed is 0.67, that is, 67%
of the adjustment occurs during the first year. réf@e, emissions would require only

slightly less time than energy to reach the long-equilibrium.

Tests were carried out with different variablesatedl to the composition of GDP per
capita, but these variables were not significantaioy of the models. This could suggest
that technology, changes in energy structure, atidigs may have had a greater influence

on the reduction of the environmental pressuresidered.

5. Conclusions

The study allows a better understanding of thetiogla between GDP per capita and CO
emissions per capita and between GDP per capiteeaedyy consumption per capita in
Colombia during the period 1971-2011. The resulticate that at first the increase in
GDP per capita increases emissions and energy quisun, while the estimated negative
coefficient for squared GDP per capita shows tlii@r & particular level of income the
environmental pressure would tend to decrease,haliauld be compatible with the EKC
hypothesis. Moreover, he turning point was foundb& within the sample range, so
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Colombia apparently shows a decoupling between aoan activity and per capita
emissions and per capita energy consumption, 26@f and 2011, respectively. This does
not mean that the environmental pressures analyeeded to disappear thanks to
economic growth, since an increase in income damsantomatically lead to lower
environmental pressure if it is not accompaniedstsyctural and technological changes
conducted with appropriate policies. In order foe tlesired decoupling to take place, the
existing environmental regulations must be compheith, as well as implementing
additional energy and pollution control policiestla¢ national and local levels that make
economic development compatible with the reductmin environmental pressures.
Otherwise, the signs of a possible re-associatietwden environmental pressure and
economic growth, that according to the graphicalysis seemed to occur in the last years
of the period, could be confirmed. In additionisinecessary to promote awareness-raising
policies aimed at sensitizing the population angroaing the environment, regardless of
the level of income per capita.

Colombia was able to change the relationship betweeonomic growth and GO
emissions during the period analyzed and our aisalgdicates the type of policies that
allowed this. This is a novel result for the ca$e a@eveloping country, as there are just
few studies finding a turning point for a developmalintry within the observed sample.
Our results provide evidence that developing coesttio not need to achieve the level of
income per capita of developed economies in owlstdrt controlling their emissions with
appropriate policies. Our main contribution to &rig literature is thus showing the type
of energy and environmental policies that in thésec allowed an apparent decoupling
between greenhouse gas emissions and economichgratvich provides insights on the
type of measures required in a developing econamgchieve these goals. The second
major contribution of the paper is of methodologicature. We developed an alternative
method to the asymptotic distribution methodologyestimate the confidence intervals of
the long-run elasticities between GDP per capitd anergy and emissions. The new
proposed approach relies on simulation techniqudseaables us to take into account the

sample size as well as the asymmetries of thaluisions.

The study finds that there is a clear relation leetwCQ emissions and the composition of

energy sources: COemissions are reduced when the proportion of rab®venergy

consumption in the total of primary energy increasend its impact is greater in the long
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run. This relation between renewable energies dbgebissions does not seem to depend
on GDP per capita, but rather on technological ghan(for example, improvements

associated with the energy production process,ctimposition of energy sources, fuel

substitution, energy efficiency, etc.). Thereforegulatory policies and incentives are

required to support clean technological developnagit innovations aimed at sustainable
development, especially in relation to non-convamdl renewable energies.

The estimations suggest important changes in therggon of CQ emissions since 1998,
due in large part to the incorporation of diveregulatory mechanisms, which highlights
the importance of environmental and energy polizieachieving the objective of reducing

environmental pressures.

It can also be inferred that natural gas and rebasvenergies played an important role in
the behavior of energy, favoring the decrease rggnconsumption, due in part to the
technical change and the comparative advantageeoéduntry with these energy sources
during the period 1971-2011.

The findings of our work are useful to evaluate ament the appropriate policies for
achieving a development compatible with the envirental goals of Colombia, and
provide useful insights as regards the energy andamental policies that may allow a

similar transformation in other developing courdrie
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Annex 1. Methodological approach for estimating long-run elasticities

Consider an equililibrium relation between the defant variable and the explanatory
variables of the following type:

A Y =argX+RX v

and a partial adjustment process towards this ieguin

A2 A =A(Y-Y,)

The equation to be estimated and the short- argiton elasticities would be

(A3) Y =a+BX+BX+(H4) Y.t

(A.4)  Short-run elasticityy,, = % =B+ BX

(A5)  Long-run elasticityy, = N _ A, Ax
oxX 1-A 1-A

In our context, relying on the asymptotic theoryderive the corresponding distributions
faces two problems:

* The reduced size of our sample.
* The long-run elasticity implies nonlinear expressi@f normal variables, and this
must be manifested in the lack of symmetry of theasponding distribution.

To obtain the corresponding distributions of thasgtity by simulation, the starting point
is the estimation of the PAM by OLS. This enabtess to get the following distribution:

(A.6) A

Bo 8.1 | V(B VGBB) VB
=B, [ NJ|B, |, |V(BS) V(B) VB
Y| VB VD VA |

Now, we build one hundred thousand realizations of themeggd 0 coefficients to

empirically construc’? and its distribution.

Since the estimated covariance matrix is given oy éstimation of the model, the
Cholesky decomposition is used, in order to obtain
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(A7) cov(é') =PP'

Assuming that the random variak¢€: follows an independent normal distributioh the
type (0,1), we obtain

(A.8) 5=Ps¢
cov(3)=P[E () ]P' = PP

The matrix P is given by

(A.9) p, 0 O
P=p, Py, O
p3l p32 p33

Therefore, we generate 100,000 realizations of

BI00 - Bo=Bov g BiBir Py efd PET(Pof i Bk 4 R A )
W W, Wa
In this way, the generated coefficients
,Bg) ,B,o Py 0 0 &
8| B0 =| B |+| pa Pn O ||&,
% }7 p31 p32 p33 ‘93
(A.11)

follow the same distribution as the original estiethcoefficients by OLS,

(A.12)

That is to say,

E(8h=€(8)=0

(AL3) cov(3/93) = cov(é')

From the simulate13/ coefficients, the distribution of the short- amahd-run coefficients
is derived using the expressions

/?éq = ﬂ = Bgo+ 2ﬁ1/9(t
(Al4) oX:
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oY Iﬁéo+2 b __

P === 15X
(A.15) X 1-M T1-

Given the asymmetric form of the function, the magleonsidered more representative of
the value of the elasticity than the mean. Aftettisg the simulated values in increasing
order, using the mode of the distribution as thiatpestimation, a 70% confidence interval
is obtained counting 35,000 observations belowntbde and 35,000 observations over the
mode. In this way, the number of observations idetuwithin the confidence interval is
70,000, and the tails to the left and to the rightuded 15,000 observations each.
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