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Abstract

Decoupling economic growth from energy use and/or from CO, emissions is a central element in
the climate change and environmental debates. It is important —especially for underdeveloped
economies- that reductions in the energy use and/or CO, emissions could be achieved
maintaining or even accelerating economic growth. The possibility of this negative correlation
between these variables (GDP - |energy use and/or [CO, emissions) is typically called strong
decoupling. This paper aims to test for the strong decoupling hypotheses in 21 Latin American
economies during the period of 1971-2013 using the Spearman rank correlation coefficient. The
results of the tests indicate that -except for the Cuban economy- there are no empirical evidences
to support the GDP-energy strong decoupling hypothesis. In addition, there are no empirical
evidences in Latin America (not even in Cuban economy) to support the GDP-CO, emissions
strong decoupling hypothesis. Three economies with no real long-term economic growth in the
region (Nicaragua, Venezuela and Peru) are not reducing energy use per capita or the CO,
emissions per capita. Our findings suggest that deep national and regional decarbonization
initiatives combining renewable sources to produce electricity and electric mobility are required
to reverse the current trend in CO, emissions. More reflections on assumptions tacitly assumed
in the environmental and energy discourses -as well as a deepening in the empirical research- are
required.
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1. Introduction

For decades the scientific community has been warning about climate change and the need to
reduce the socioeconomic metabolism and greenhouse gases emissions. Two fundamental pillars
have supported the narrative and the actions to face the global ecological crisis (a)
‘dematerialization’ of the economy using more efficient technologies and processes [1,2] (b)
decarbonization of the economy using renewable sources [3]. Latin America is not the exception
when it comes to the promotion of energy efficiency and integration of renewable energy sources
[4]. In fact, as a region but also for the majority of the economies in the world, the energy
intensity (MJ/US$) and the carbon intensity (emissions/US$) has been reduced in the last
decades indicating a relative dematerialization and decarbonization of the economies (Figure 1
and Figure 2).
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Figure 1. Energy intensity level of primary energy in Latin America & Caribbean and the World.
Period 1990-2015. Source: [5].
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Figure 2. Carbon intensity of GDP in Latin America & Caribbean and the World. Period 1990-

2015. Source: [5].



However, from environmental and climate perspectives, the important issues are the absolute
reduction in energy use and CO, emissions. In these cases, the contrary is occurring in the world:
primary energy use and CO, emissions are increasing (Figures 3 and 4). In fact, renewable
energy sources (excluding hydro) accounted for only 3.2% of the total world primary energy
consumption in 2016 (3.6% in Latin America) [6]. Thus, the long-term reductions of the energy
intensity level and carbon intensity of the economy are not sufficient conditions to reduce the
aggregate use of energy and/or emissions of CO,.
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Figure 3. Primary energy consumption by regions. Period 1965-2017. Source: [6].
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Figure 4. Carbon dioxide emissions by regions. Period 1965-2017. Source: [6].

In capitalist economies -especially for underdeveloped economies- it is crucial that the reduction
in the energy use and CO, emissions could be achieved maintaining or even accelerating
economic growth. The possibility of this negative correlation between these variables (1GDP -
lenergy use and/or |CO, emissions) is typically called strong decoupling. In simple terms,
technological, behavioral and regulatory adjustments in the economic and societal patterns could
guarantee the absolute reduction in energy use and CO, emissions without compromising the
economic growth trajectories. The International Energy Agency announced in 2015 that OECD
economies are decoupling economic growth from greenhouse emissions [8] and expanded this
optimism on a global scale in 2016 [9]. Nevertheless, the increasing in global CO, emissions in
2017 and the cumulative evidence that CO, emissions and energy use continue to growth
correlated with economic growth [10-13] are a cold shower amid the premature excitement.



These historical and prevailing trends motivates some authors to affirm the ‘impossibility’ of
absolute decoupling of economic growth from environmental impacts and biophysical
materiality [14-17].

This paper aims to contribute with this debate by testing for the strong decoupling hypotheses in
21 Latin American economies during the period of 1971-2013. Although there are several studies
exploring causal relationships between energy demand, CO, emissions and economic growth, the
problem approached in this paper is from an earlier, more general stage, because it considers the
existence or not of Latin American economies in decoupling. However, for our knowledge, these
are the first empirical results using trend tests based on Spearman rank coefficient to test for the
strong decoupling hypotheses in Latin America and showing the significant complexity between
GDP stagnation and GDP contraction, energy use and CO, emissions in the region. This work is
divided into the following sections. In Section 2, a description of the methodology and Data is
provided. Section 3 presents the tests results and discussion and section 4 presents the
conclusions of this study and policy implications.

2. Methodology

The analyses were conducted in three steps. Step one: the existence of an upward trend on GDP
per capita was tested using the Spearman’s rank correlation test with a level of confidence =
97.5%. The Spearman’s p test is a rank-based non-parametric statistical test that can be used to
detect monotonic trend in a time series. The idea behind the test is the following: each variable is
ranked separately from the lowest to highest (e.g. 1, 2, 3, etc.) and the difference between ranks
for each data pair is recorded. If the data are correlated, the sum of the square ranks will be
small. The magnitude of the sum is related to the significance of the correlation [18]. The
Spearman’s rank correlation is calculated according the following equation

p = (1-6¥3d)/nn Eq.(1)

In which d; is the difference between ranks for each data pair and n is the number of data pairs.
Given a sample data set of real GDP per capita by year X= {1971, 1972,..., X}, i.e, the null
hypothesis Hp of the Spearman’s rank correlation test against the trend test is that all the X; are
independent and identically distributed. The alternative hypothesis is that X; increases or
decreases with 1, that is, there is a trend. The pth quantile of p is approximated by the following:

Wp =ZpA\ n-1 Eq.(2)
Where Zp is the standard normal quantile found in Table A1, p. 506 in Ref. [19].

Step two: for those countries with a long-term economic growth trend detected, the same test
(with the same level of confidence) was applied for the time series of energy use per capita and
CO, emissions per capita. Step three: The strong decoupling hypotheses would be supported if
the time series of real GDP per capita has a positive trend over time A(PIB/Pop)> 0) while
energy use per capita and/or CO, emissions per capita decrease over time, that is, A(Energy/Pop)
<0 and/or A(CO, emissions/Pop) <0. Step four: in order to expand the analyses, we preliminary
explore the nexus GDP-energy-CO, emissions in countries with no real long-term economic
growth.

2.1. Data

A total of 21 Latin American countries available in the World Bank data base were analyzed. For
each country, 3 times series were explored (1) GDP per capita (US$ 2010) (2) energy use per



capita (kg of equivalent oil) (3) CO, emissions per capita (metric tons). The objective of using
per capita variables was to eliminate the effect of the population. The period of analysis was 43
years (1971-2013) according with the availability of the World Bank data base in December,
2017. Small countries with less than 1 million inhabitants were excluded from the analyses.

3. Results and discussion

Table 1 shows the results of the Spearman’s rank correlation tests for the GDP per capita (U$S
2010), energy use per capita and CO, emissions per capita. Long-term real GDP per capita
growth was detected for 18 countries of the 21 Latin American analyzed between 1971 and 2013
(Spearman’s pepp>Wo g75). Of these 18 economies, only the Cuban economy has an upward trend
during that period and, simultaneously, has a downward trend in the energy use per capita
(Spearman’s pgpp = 0.67 >Wyg75 = 0.35 and Spearman’s penergy = -0.67 < -Wo 975 = -0.35)1. Thus,
empirical evidence supporting that the Cuban economy decoupled energy use from economic
growth in the last decades was founded. Nonetheless, the GDP-CO, emissions strong decoupling
tests indicate that none of the 21 economies (not even Cuban economy) are reducing the CO,
emissions per capita in Latin America. In addition, the three economies with no real long-term
economic growth in the region (Nicaragua, Venezuela and Peru)? did not reduce neither the
energy use per capita nor the CO, emissions per capita.

Table 1. Spearman’s rank correlation tests for 21 Latin American countries. Period 1971-2013.

Number Countries n (43 years) p (GDP) p (energy) p (CO, Wog75* Strong decoupling?
emissions)

1 Argentina 1971-2013 0.62 0.92 0.48 0.35 No sign

2 Bolivia 1971-2013 0.49 0.91 0.82 0.35 No sign

3 Brazil 1971-2013 0.96 0.97 0.89 0.35 No sign

4 Chile 1971-2013 0.97 0.92 0.78 0.35 No sign

5 Colombia 1971-2013 0.98 0.38 0.16 0.35 No sign

6 Costa Rica 1971-2013 0.94 0.92 0.86 0.35 No sign

Decoupling GDP-

7 Cuba 1971-2013 0.67 -0.67 -0.15 0.35 energy but not GDP-
CO, emissions.

8 Dominican Republic 1971-2013 0.98 0.72 0.87 0.35 No sign

9 Ecuador 1971-2013 0.92 0.89 0.71 0.35 No sign

10 El Salvador 1971-2013 0.65 0.73 0.85 0.35 No sign

11 Guatemala 1971-2013 0.76 0.64 0.79 0.35 No sign

12 Honduras 1971-2013 0.88 0.51 0.83 0.35 No sign

13 Jamaica 1971-2013 0.53 0.21 -0.05 0.35 No sign

14 Mexico 1971-2013 0.93 0.91 0.62 0.35 No sign

15 Nicaragua 1971-2013 -0.44 0.31 0.44 0.35 GDP contraction

16 Panama 1971-2013 0.94 0.07 0.53 0.35 No sign

17 Paraguay 1971-2013 0.90 0.74 0.87 0.35 No sign

18 Peru 1971-2013 0.23 -0.41 0.05 0.35 GDP stagnation

19 Trinidad and Tobago 1971-2013 0.58 0.99 0.85 0.35 No sign

20 Uruguay 1971-2013 0.93 0.45 0.06 0.35 No sign

21 Venezuela 1971-2013 -0.25 0.73 0.74 0.35 GDP stagnation

*Confidence level = 97.5%.

4. Conclusions and policy implications

The GDP-energy use-CO, emissions nexus was analyzed in 21 Latin American economies and
the strong decoupling hypotheses (GDP-energy and GDP-CO, emissions) were tested. It is

! The negative value of Wogrs is used to test the downward trend. In the Cuban case, column 5, p (energy) = -0.67 is lower than -0.35, the
negative value of Wy ¢7s. Thus, the downward trend in energy use per capita was accepted.
2 Due to the lack of data, Haiti and Puerto Rico were excluded of the analyses.



observable that the economic growth in Latin America is strongly associated with an increase in
the use of natural resources (specifically fossil fuels) and with CO, emissions. Yet, the Cuban
economy is the only detected case in Latin America where the strong decoupling hypothesis
between GDP and energy use is supported by the tests. This result may reflect the influence of
the deindustrialization and fuel shortages in the Cuban economy during the ‘special period’ after
the dissolution of the Soviet Union. In addition, it could be associated to some degree to the
particular characteristics of a blockaded, socialist and tourism-oriented economy or even to
energy-efficiency programs [20]. However, CO, emissions are increasing in all Latin America,
including the Cuban economy. Thus, the Cuban case shows that GDP-energy decoupling is not a
sufficient condition to induce GDP-CO, emissions decoupling. On the other hand, the 3
countries that experienced long-term economic crises or stagnation in Latin America (Nicaragua,
Venezuela and Peru) did not diminish their energy use per capita and/or decarbonize their
economies. Thus, reduction and stagnation of the real GDP per capita are not sufficient
conditions to reduce the energy use and/or decarbonize the economy.

Renewable sources of energy are gradually replacing conventional ones and energy efficiency
becomes more important, but our results suggest that deep national and regional decarbonization
initiatives combining renewable sources to produce electricity and electric mobility [21-23] are
required to revert the current trends in CO, emissions in Latin America. Furthermore, it is
important to analyze the influence of structural transformations of the Latin American economies
on the energy use and CO; emissions. According to Ref. [24], the observed decoupling in
European economies is mainly because of the structural effect of deindustrialization. However,
Latin American countries have also been experiencing rapid and premature deindustrialization in
recent decades [25]. Yet, this process has not meant a reversal in the growing trends in the use of
energy and in CO, emissions. Further causal research and case studies are required on these
topics to improve our understanding of the factors involved and to enhance the energy, climate
and socioeconomic policies.

These findings warrant further research on the roles, possibilities and limits of energy-efficiency,
energy-intensity, ‘green growth’ and ‘degrowth’ proposals in the global climate and
environmental goals. These results could also be used to explore theoretical implications on
sustainability economics [26,27], political economy, political ecology and (sustainable)
development economics. Finally, it is also important to recognize the geopolitical, social and
economic importance of the fossil fuel industries in Latin American. Hence, the decarbonization
of Latin America should incorporate elements related to energy, climate and social justice [28—
30].
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