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Abstract
During the last decades, as a result of increasing concern about climate change consequences
and depletion of the most important energy sources, the discussion of how to sustain the
increasing energy demand has arisen. In this frame pursing a decoupling or dematerialization
path seems to be the best solution. However, the possibility to extend the “successful”
dematerialization experiences of developed economies to developing ones is at least doubtful.
In this paper we study the historical evolution of energy intensity, energy consumption, CO2
emissions and product generational dematerialization (PGD) for a sample of Latin American
and Caribbean and OECD countries for the 1960-2009 period. No evidence for global long term
dematerialization was found. Therefore, we stress the relevance of building new
environmental friendly strategies to reduce human ecological impact.
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1. Introduction
During the last decades, in a context of increasing concern about climate change
consequences and depletion of the most important energy sources, the discussion of how to
sustain the increasing energy demand has became highly relevant. The crucial point of this
discussion is whether it will be possible to sustain global economic growth, not only in
developed but especially in developing and underdeveloped regions, with the current
worldwide supply of energy resources and a minimum of human environmental impact. There
are different opinions in this matter.
According to the hypothesis of dematerialization, there is a reduction in material and
energy consumption along the economic growth path, therefore the use of less energy and
resources to produce the same economic output could represent a solution to the ecological
compatibility of future economic growth (Ramos-Martin, 2005). From an environmental
standpoint, for some economists this idea supports the hypothesis of the Environmental
Kuznets Curve (EKC), which states the existence of an inverted-U shaped relationship between
economic growth and environmental degradation, environmental degradation increases with
economic activity up to a turning point after which income increases associate to higher
environmental quality (Grossman and Krueger, 1991; Shafik and Bandopadhyay, 1992;
Panayotou, 1993). If this hypothesis were correct, the best and probably the only solution to
natural resources depletion and environmental problems will be growth and wait (Beckerman,
1992). Nonetheless, this hypothesis has been extensively criticized both because of its
theoretical underpinnings and the empirical findings (Pargal and Wheeler, 1996; Harbaugh,
Levinson and Wilson, 2002; Dasgupta et al, 2001; Stern, 2004; Ramos-Martin, 2005; Wagner,
2008).
When looking at the evolution of energy intensity in many developed countries, it is clear
to see a decreasing trend. However, many authors argue that this drop has been highly due to

a reallocation of energy intensive industries from developed to developing countries, within
other policies, supporting the Haven Pollution Hypothesis (HPH) (Jenkins, 2003; Cole, 2004;
Cole and Elliot, 2005; Wagner and Timmins, 2008). If this were the case developing regions,
such as Latin American and Caribbean countries (LA&C), should try to reallocate their
productions in order to replicate the successful cases. Nevertheless, if these countries do not
have the real chance to reduce their energy intensity, both because of the role of energy in
economic growth and because they cannot use the same policies (especially reallocation
strategies), then other energy economic policies will be required.
In this frame, the core objective of this paper is to study the energy intensity decreasing
trend in developed countries and their possible driven forces such as changes in energy mix,
the rational use of energy policies, changes in the economy structure, and considering that
production reallocation may have played a crucial role. The paper also seeks to discuss the real
potential of these policies to reduce energy intensity in LA&C region. To this purpose, we use
two different samples, one composed by a group of the Organisation for Economic Cooperation and Development countries (OCDE) and the other one by LA&C. We firstly analyze
the aggregate and disaggregate energy intensity paths and Greenhouse Gases (GHG) emissions
for each group. Then we introduce a measure of intergenerational dematerialization to study
the decouple path of OECD countries and LA&C region potentialities to go throughout the
same path. Finally, we present a discussion about the possibilities of global intergenerational
dematerialization.
The relevance of this study for LA&C, and other developing regions, is twofold. In the first
place, as energy is the material base of the economy (Georgesçu-Roegen, 1971; Podololinsky,
1883; in Ramos Martin, 2005; Stern, 2004; Cleveland, 2003; Beaudreau, 2005; Stern and
Cleveland, 2004), sufficient energy supply will be required to sustain the economic growth of
these regions. In the second place, in a context of increasing relevance of the discussion about
climate change, its costs and responsibilities, the way in which future energy requirements will

be supply becomes crucial. According to the IPCC scenarios in 2035 and 2050, developing
countries will be the most energy consumer countries, as they will grow at a highest rate than
developed ones (IPCC, 2011). Therefore, these countries will have to make harder efforts to
reduce their energy consumption. If reallocation were not a feasible option for LA&C, then
imitating “the successful decoupling strategy” of developed regions will not be an easy task
and it will be necessary to find other environmental and energy policies to sustain our
common future.
2. Theoretical underpinnings: the dematerialization theory
In the last decades the issue of dematerialization has gained a lot of attention in both
theoretical and empirical economic literature. Usually, dematerialization refers to the
phenomenon of de-linking income and the use of nature, a reduction in the use of energy and
materials both in absolute or relative terms (a reduction in energy or material intensity)
(Cleveland and Ruth, 1999). If this argument were true, then it would be possible to decouple
energy and material consumption from economic growth.
The relevance of the concept of dematerialization has recently increased in the frame of
environmental concern, as well as the discussion about the potential and actual impact of
economic growth and development process over the natural environment. For some authors
and policymakers, dematerialization may contribute to ease conflicts between the economy
and the environment (Wieringa et al., 1992). Contrarily, other authors argue that the optimism
on dematerialization process, as well as predictions on future decoupling, has been overvalued
since developed countries seem to be in a re-materialization phase, and their previous dematerialization process may have been due to a reallocation of pollutant and energy (material)
intensive industries (Ramos Martin, 2005).

There are different definitions of the concept of dematerialization. While some of these
definitions emphasize energy or material consumption, others stress the role of pollution and

waste production. One of the most common applications of the dematerialization concept is
the approach of the intensity of use. This hypothesis was firstly stated by Malenbaum (1978)
and states that income is the main factor explaining material and energy consumption (Ramos
Martin, 2005). This hypothesis supports the theory of the Environmental Kuznets Curve (EKC)2,
which states the existence of an inverted-U shaped relationship between economic growth
and environmental degradation. In this frame, environmental degradation increases with
economic activity up to a turning point, after which income increases are associated to higher
environmental quality (Panayotou, 1993). Then, there is an income level after which a delinking process between economic growth and consumption can be expected. If the EKC
hypothesis were truth, then developed countries may be in a decoupling stage, as their have
reached the threshold of income and consumption per capita, while developing ones may still
be materializing, as they are in a growth path which requires increasing amounts of energy and
material consumption. The policy relevance of this argument is straightforward: the solution to
natural resources depletion and environmental problems would be growth and wait (Recalde
and Ramos Martin, 2012).
There are different arguments supporting the EKC hypothesis. In particular, the EKC is
supported by three main arguments: scale effects, composition effects and technology effects
(Grossman and Krueger, 1991). In the first place, the scale effect refers to the environmental
degradation required for sustaining the growth path; the more the economic activity, the more
waste, pollutant emissions and environmental damage. In the second place, the composition
effect reflects the “natural” change in the economic structure in its development path,
increasing the share of less environmentally damaging activities. The transition from rural to
industrial activities produces higher environmental degradation. Nevertheless, after this
industrial phase there is a shift to an economy based on services, clearly less polluting than
industrial activity. Finally the technology effect states that it would be expected that a wealthy
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nation can afford more R&D investments, replacing dirty technologies by cleaner ones. Both
the composition effect and the technology effect explain the decoupling (U-inverted shape)
after the income threshold.
In this frame, there are several ways to pursue dematerialization: for instance a transition
to a service economy, investment in high-technological processes, or re-using recycled or
recovered waste materials. If the intensity of use argument were correct, then these policies,
highly related to economic growth processes, would lead to reductions in environmental
pressure. The phase to a dematerialized economy would be a “natural consequence” of the
economies.
Nevertheless, these arguments deal with many criticisms. For instance, Jevons (1990),
suggested that economy-wide rebound effects are very important and that energy plays a key
role in driving productivity improvements and economic growth then, instead of reducing
energy consumption, technological progress will increase energy demand (Recalde and Ramos
Martin, 2012). According to this argument, rather than reducing environmental impact,
production efficiency may increase ecological pressure. The energy/material saving
technological progress may have the contrary effect of increasing energy/material demand.
The “new availability of further energy resources” (as a consequence of more efficient
production activities) may lead to increases in already existing products and services as well as
the production of new ones, instead of a reduction of total consumption of resources.
Therefore, as stated in the Jevon´s Paradox, efficiency gains will increase ecosystems stress.
The empirical estimation of the EKC, which is highly related to the intensity of use and
dematerialization hypothesis, also faces several detractors. Some of these have been
addressed by Stern et al (1996), who insist that the usefulness of the results of the EKC
estimations is limited to descriptive statistics. Firstly, the empirical relationship between
environmental quality and economic performance is subject to several technical concerns,
grouped by Stern (2004) into heteroskedasticity problems (Schmalensee et al, 1998),

simultaneity (Holtz-Eakin and Selden, 1995; Dinda and Coondoo, 2006), omitted variables bias
(Stern and Common, 2001) and temporal and cointegration concerns (Perman and Stern, 1999;
Perman and Stern, 2003; Wagner, 2008; Romero-Ávila, 2008). Secondly, international trade
has played a crucial role in the reduction of energy intensities of developed countries: when
importing raw materials from a one country the counterpart may be exporting environmental
impact, the same applies for the imports of those energy intensive goods. Thirdly, the authors
insist that there are some data problems, particularly the quality of information and the
coverage of time series, which should be carefully taken into account as they can be the origin
of non reliable results.
It is also important to mention the role of the shift in energy mix, particularly in the case
of developed countries in the trend of energy intensities, and consequently in the verification
of the EKC hypothesis and the limits that such shift will face in the future and when globally
extended. Cleveland (2003) and Stern (2004) highlight that inter fuels substitutions played a
crucial role in the reduction of energy intensity and environmental pressure around the world.
Furthermore, some authors (Kaufmann, 1992; Cleveland et al., 1984) insist that substitution
within primary energy sources leads to reductions on final energy consumption, due to the use
of more efficient energy fuels, instead of as a result of changes in energy patterns (Zilio and
Recalde, 2011).
As stated by Ramos Martin (2005) the use of “intensive variables” to measure the
dematerialization process has also been criticized. The key point in this respect is whether the
historical evolution of an aggregate relative indicator, such as the intensity of use of energy, is
good enough to represent the historical evolution of an absolute indicator for the
environmental pressure or not.
Besides, the criticism is extended to the fact of projecting future evolution or perspectives
of decoupling energy (and matter) consumption from economic growth based on the past
evolution of the series. The extrapolation of current and past behaviours into the future is

highly criticized in ecological economics (as well as in other approaches of economic theory
except for mainstream). To some extent this falls into the discussion about the feasibility of
the ergodic axiom or the economic theory, according to which all future events are actuarially
certain, then the future can be accurately forecasted from an analysis of existing data. If the
world and future events are recognized to be uncertain (nonergodic), as for instance it is in the
framework of postkeynesian analysis, then no predictions can be made. This is even more
important for environmental phenomenon, as some future environmental problems and their
relative consequences are currently completely unknown. Furthermore, uncertainty about
evolution could have especially serious implications in case of environmental problems, due to
its irreversibility characteristic.
Finally, even when it has been empirically tested for some countries or regions, it is
impossible for the EKC to be verified for the whole world. As it was briefly mentioned
previously, an important source of explanation of the EKC could be the shift of energy and
material intensive economic activities from developed countries to developing ones. This is in
the frame of the HPH, according to the HPH the differences in environmental regulations
between developed and developing countries may be compounding this general shift away
from manufacturing in the developed world and causing developing countries to specialize in
the most pollution intensive manufacturing sectors (Cole, 2004).
3. Empirical analysis
3.1. Data
In order to discuss the dematerialization hypothesis we use data for the 1960-2009 period
for OECD and LA&C countries3. The former is composed by a group of 31 High income OECD
counties that according to the World Bank Database are those in which 2010 GNI per capita
was 12,276 US dollars or more. The latter, is composed by all 41 countries of the Latin
American & Caribbean Region. The complete list of countries is available in tables A1 and A2 of
3
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the annex. In order to avoid data problems arising from the use of different sources of
information, for both samples we use information from the World Bank Database4.
For the first descriptive stage of the study we have used three different series. Firstly, as a
proxy for Primary Energy Consumption we use Energy use as indicator, measured in kilotons of
oil equivalent (ktoe), refers to use of primary energy before transformation to other end-use
fuels, which is equal to indigenous production plus imports and stock changes, minus exports
and fuels supplied to ships and aircraft engaged in international transport. Secondly, carbon
dioxide emissions (CO2) are those arising from the burning of fossil fuels and the manufacture
of cement. Finally, energy intensity is defined as energy use per unit of output, measured in
ktoe/US dollars. In the second phase of the study a dematerialization index will be
conveniently defined.
3.2. The descriptive analysis
Figures 1 and 2 show the evolution of energy use and CO2 emissions in the regions of LA&C
and OECD. At first sight in both cases energy consumption and CO2 emissions share a trend
through the time series. This is even clearer for OECD countries than for LA&C, as both series
seem to display a clear co-move in the first case. The high relation can be associated to the
different composition of the energy mix and the use of less environmentally friendly energy
sources. In 2009, 81% out of Total Primary Energy Sources (TPES) in OECD came from
hydrocarbons with coal and peat accounting for nearly 20% and renewable sources (hydro,
geothermal, solar, wind, biofuels and waste) representing 7,72%. Contrarily, in the same year
69% of TPES in LA&C region were represented by hydrocarbons, 3% of which were coal and
peat, and 30% renewable sources. Moreover, it is worth noting that LA&C has a marginal role
as an emitter country, as it shares of 5,1% of worldwide CO2 emissions from burning fossil fuels
and cement manufacture. However, CO2 emissions from use land changes are particularly high
in that region and its considering could raise its share up to 9% (WRI, 2010).

4

Available at: http://databank.worldbank.org

One of the main differences between both regions is the different behaviour of the energy
use series. Even though energy use followed a positive trend in both of them, while it showed
a positive annual rate of growth for every period in Latin America, this was not the case for
OECD. As is clear from figure 2, energy use in OECD countries reduced in two sub-periods of
the sample: during both oil crisis. After the first oil crises, when oil prices increased more than
350 per cent between 1973 and 1974, following ever since a high positive trend, energy use in
OECD countries fell 1.30 and 2.25 % in 1974 and 1975 respectively. However, the impact of the
1979 energy crisis over energy consumption was even more pronounced. The average price of
crude oil rose from 14.02 US dollars per barrel in 1978 to 36.83 US dollars in 19805. As a result
developed economies, most of which were net energy importers, reduced their energy
consumption. In the case of OECD region, this reduction accounted for 7.84 % between 1978
and 1982, when energy use recovered its positive trend. To this respect, Geller et al (2006)
argue that industrialized nations became more energy efficient since 1973, because they
adopted several policies to improve energy efficiency in all sectors of their economies in the
wake of the 1970s oil crises.
Figure I: Energy Use and CO2 emissions evolution in OCDE. 1960-2008
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Figure II: Energy Use and CO2 emissions evolution in LA&C. 1970-2008
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Contrary to the case of energy use, the pattern of energy intensities of both regions has
been very different. For OECD countries, there is a clear decreasing trend from the beginnings
of the seventies. The driving forces of this trend have been highly studied and discussed by
different authors. On the one hand there is the idea that energy policies and increases in
energy efficiency has reduced energy consumption by GDP, as the Geller´s et al (2006)
argument. On the other hand, some authors stress the impact of the delocalization of energy
intensive and polluting industries from European Union and United States to underdeveloped
and developing regions (Bear, 2005; Gerefy, 2001; Gereffy et al, 2008). In contrast to this case,
figure 4 shows the erratic evolution of the energy intensity in LA&C region with a clear increase
between 1979 and 1991. Recalde and Ramos Martin (2012) argue that this increase can be
partially explained as an accounting artifact during the regional financial crisis at the beginning
of the 1980s, often known as the lost decade. The deterioration in the terms of trade during
this period resulted in recessions, reduction in imports, unemployment, inflation and a
reduction in the purchasing power mainly for the middle classes. Then the main reason for the
increase in energy intensity may have been the contraction of economic activity, and the

devaluation of local currency against the US dollar. Subsequently, the slight decrease in energy
intensity may have been due to stronger currencies and economic recuperation after the
financial crises rather than to successful reductions in energy consumption.
It is very important to remark that increasing energy consumption and decreasing energy
intensity in the OECD, and increasing energy consumption and erratic evolution in LA&C may
be more related to the evolution of the GDP than to energy policies. While in the first case
GDP has increased systematically, in the latter it has evolved erratically, with the
consequences on energy intensity paths. This is inevitably related to the development stage of
each group of economies and their institutions. The economic instability of developing
countries has avoided them to reduce their energy consumption per unit of GDP. Furthermore,
it is clear that regarding their developing characteristics, if the countries of this region are to
pursue a developed condition, then their energy requirements will increase implying
increasing energy intensities.
Figure III: Energy Intensity in OCDE. 1960-2008
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Figure IV: Energy Intensity in LA&C. 1970-2008
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It is clear from the analysis that even when energy intensities may be decreasing after
some threshold total energy use, as well as total CO2 emissions, display a positive trend. In this
sense, a relative indicator showing a de-linking process is only indicative of weak
dematerialization, while the strong or absolute dematerialization would be clear if there were
a decrease in the total consumption of energy in the regions. The latter would also be
indicative of a reduction of total environmental pressure of the economies or, in terms of
some ecological economists, a change in the energy metabolism of the system (Ramos Martin,
2005). Indeed, as seen in figures 1 and 2, environmental impact of both groups of economies
measured by CO2 emissions has increased along the period, even in the case of OECD countries
in which a reduction of energy intensity is observed from the early seventies.
Finally, following Ramos Martin (2005) and Recalde and Ramos Martin (2012) we use a
phase diagram of energy intensity with the purpose of studying the continuity of the historical
energy intensity trends. This is a methodology which plots energy intensity of the year t and
that of the year t - 1 to check the continuity of a particular trend or the existence of alternate
phases of increased and decreased energy intensity around certain attractor points. Our
results are in concordance with the previous results of the analysis of energy intensities. The
OECD graph has a left decreasing trend without attractor points except for the seventies and

continuity in the historical reduction in energy intensity, while LA&C region is characterized by
three attractor points during the seventies, eighties and nineties. Once again, in this last case
the erratic evolution of GDP and institutions may be the answer of the energy intensity
irregular behaviour.
Figure V: Phase diagram for OECD. 1976-2008
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Figure VI: Phase diagram for LA&C. 1970-2008
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3.3. Energy Intensity and Product Generational Dematerialization: a comparison
3.3.1. Methodology
As mentioned in section 2 the issue of dematerialization has recently gained a lot of
relevance. From an empirical standpoint, most of the studies have been developed in the
frame of the EKC, through the study of the evolution of the throughput of matter or energy
(Suri and Chapman, 1998; Agras and Chapman, 1999; Stern and Cleveland, 2004; Richmond
and Kaufmann, 2006; Luzzati and Orsini, 2009; Zilio and Recalde, 2011).
Besides, another group of studies have been performed with other methodologies, with
the purpose of verifying the dematerialization hypothesis (Bernardini and Galli, 1993; Sun and
Meristo, 1999; Sun, 2003). The majority of these dematerialization analysis, mostly performed
with relative indicators usually fail to appreciate the role of important variables in the
environmental pressure. As stated by Ramos Martin (2005), a reduction in consumption per
unit of output does not necessarily imply a reduction in absolute terms and, according to the
author, the trend of the environmental impact is determined by the different rates at which
the consumption per unit of output is reduced compared to the growth of production of
output per capita. Furthermore, Ziolkowska y Ziolkowski (2011) insist that the majority of
dematerialization methodologies do not inform about the reduction of materials (or energy)
used in the economy compared to population. The role of population gathers anytime the
intergenerational and dynamics of the environmental concern is recognized. It is clear that the
dematerialization/materialization process may be different attending at the dynamics of
population growth of different regions, particularly important for developing countries
considering their high rate of growth6.
Besides, from the point of view of this paper, these studies fail to perform a complete and
aggregate long range analysis to discuss the real potential of a global decoupling from a
dynamic perspective. What is more, from a sustainability standpoint, it is the intergenerational
6

In the case of the two samples under study, population growth differs between 1.1 and 0.6 % between
2000 and 2010 for LA&C and OCDE countries respectively (World Bank, 2012)

dematerialization trend, not for isolated countries or regions but for the world as a whole,
complemented with the study of the trend of absolute environmental pressure indicators, the
most important thing to analyze.
Therefore, with the purpose of pursuing a global dynamic dematerialization analysis, we
follow Ziolkowska y Ziolkowski (2011) and use the product generational dematerialization
(PGD) indicator for energy use to complement the statistical information presented in section
3.2, and to discuss the dematerialization approaches.
As defined by the authors the PGD is the difference between population and consumption
dynamics in different time periods.
100

100

Where:
: Product generational dematerialization
: Population in time t
: Population in time t-1
: Energy Use (consumption) in time t
: Energy Use (consumption) in time t-1

3.3.2. Results
Figures 7-9 present the results of the PGD for OECD, LA&C and the global economy. The
results denote that neither OECD nor LA&C region attempt to pursue a product generational
dematerialization, except for some periods. The same situation applies for global economy.
According to figure 7 OECD has only had three long-term dematerialization periods: 19741975, 1979-1983, and 2005-2009. During these years the PGD was positive, indicating that the
rate of growth of energy use per capita was lower than in the rest of the years.

Figure VII: PGD indicator for energy use in the OECD economies in 1961-20
2010
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As it has been tracked in section 2 according the different authors, and as explained by
the HPH, one of the main explanations (and also critics) for those empirical results supporting
dematerialization and decoupling theories comes from the international trade of “dirty” goods
and services, as well as the reallocation of energy and matter intensive industries.
indust
If this
argument were true, it would be highly probably to find opposite patterns of
materialization/dematerialization between different regions of the world and therefore global
sustainability, from a wide perspective, would not be possible.
Figure 8 shows the results of PGD for LA&C region. This developing region does not seem
to be pursing an intergenerational dematerialization,
dematerialization as energy use has grown at a higher
highe rate
than population. The materialization of this region is even more pronounced during
dur
the
seventies and from mid twenties on.
To complement the analysis we also present the results for China in which a continuous
and strong materialization process is registered since 2002, probably as a result of the
economy opening process.

Figure VIII: PGD indicator for energy use in the LA&C economies in 1971--2009 (in %).
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Figure IX: PGD indicator for energy use in the China in 1971-2009 (in %).
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Finally, in order to deal
eal with the key
key question of this research, we study product
generational dematerialization of energy use for global economy to complement the regional
analysis (Figure 10).. We found only two medium-term
medium term dematerialization periods (positive
values of the indicator for more
mor than 3 years): 1980-1983 and 1990-1994,
1994, and two short term

dematerialization episodes in 1974-1975
1974
and 1997-1998.
1998. For the rest of the time period, global
economy seems to have materialized from a generational viewpoint.
Somehow our results contradict those
th
of Ziolkowska y Ziolkowski (2011) who found that
for the 1972-2010
2010 period the global economy can by characterized by the dominant trend of
dematerialization. To some extent this contradictory results can be explained by the different
indicators used forr human environmental pressure. While Ziolkowska y Ziolkowski (2011)
utilize oil crude consumption as a proxy of resources we use energy use, which includes the
consumption of all primary energy sources. Probably,, the use of oil may lead to
dematerialization
on results not as a consequence of real reductions in energy consumption (and
therefore environmental pressure), but for changes in the energy mix through substitutions
between different energy sources.
sources. As it was previously mentioned, this interfuel substitution
substi
has been a common result of the energy policies applied after the 1970s oil crises.
crises

Figure X: PGD indicator for energy use in the global economy in 1971-20
2009 (in %).
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4. Concluding remarks
The
he core objective of this paper
pa
was discussing the possibilities of pursuing a global long
term dematerialization. To this purpose we have studied the historical evolution of energy
intensities in different regions of the world,
world and the policies implemented by developed
d

countries to reduce energy consumption per unit of output and their real potential to reduce
energy intensity in other regions.
From the data analyzed through this paper, it is straightforward that the increase in
energy consumption is a key characteristic of modern economies, no matter their
development stage. As argue by some authors, this fact is related to the exosomatic energy
metabolism of the economies (Ramos-Martin, 2001; Ramos-Martin et al, 2007; Ramos-Martin
et al, 2009; Sorman et al, 2009). Therefore, in this context, the sole study of relative (or
intensive) variables in order to discuss the dematerialization or decoupling or the economy
seems to lead to poor or erroneous outcomes.
Our results do not support the dematerialization hypothesis. We did not find evidence for
long term product generational dematerialization for any of the groups of countries under
study. This situation is even clearer for developing regions such as LA&C and China. Moreover,
from a wider perspective global economy seems to have materialized in the majority of the
period under analysis.
Some questions come out from these results: Which will be the real impact of the
economic-environmental measures that have emerged in the last decades? Will these
initiatives induce global de-coupling and de-carbonization of the economies? Or will they
induce more de-localization of energy/material intensive activities from developed to
developing countries?
There is still no a unique and clear answer to none of these questions. The outcomes will
depend on political decisions of policy makers as well as current and future institutional
frameworks arising from international arrangements, such as the Kyoto Protocol.
However, in the near future it would be required that developing regions do not follow
the same energy pattern than developed ones, but that they design innovative strategies in
order to change the global trend of environmental pressure. As stated by Grossman and
Krueger (1995) developing countries have the opportunity to learn from history and thereby

avoid some of the mistakes of earlier growth experiences. In an increasing frame of ecological
concerns and environmental hazards it will be extremely important that low-income countries
turn their attention to preservation of the environment at earlier stages of development than
developed ones.

5. Appendix: Data and sources
Table A1: List of High income OECD countries
Australia

Hungary

Poland

Austria

Iceland

Portugal

Belgium

Ireland

Slovak Republic

Canada

Israel

Slovenia

Czech Republic

Italy

Spain

Denmark

Japan

Sweden

Estonia

Korea, Rep.

Switzerland

Finland

Luxembourg

United Kingdom

France

Netherlands

United States

Germany

New Zealand

Greece

Norway

Table A2: List of Latin American countries
Antigua and Barbuda

Dominica

Peru

Argentina

Dominican Republic

Puerto Rico

Aruba

Ecuador

Sint Maarten (Dutch part)

Bahamas, The

El Salvador

St. Kitts and Nevis

Barbados

Grenada

St. Lucia

Belize

Guatemala

St. Martin (French part)

Bolivia

Guyana

St. Vincent and the Grenadin

Brazil

Haiti

Suriname

Cayman Islands

Honduras

Trinidad and Tobago

Chile

Jamaica

Turks and Caicos Islands

Colombia

Mexico

Uruguay

Costa Rica

Nicaragua

Venezuela, RB

Cuba

Panama

Virgin Islands (U.S.)

Curacao

Paraguay
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