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ABSTRACT  

This study examines the causality relationship among energy consumption, economic growth, carbon 

dioxide emission and population in twenty countries from Latin America and the Caribbean region. The 

methodology includes the use of Phillips and Perron (PP) tests, a cointegration model with vector error 

correction modeling (VECM) and vector autoregression (VAR) with Granger causality. The study 

concludes that of the twenty countries analyzed, only in four of them will be possible to implement 

energy conservation polices without affecting their economic growth, four of them are not able to 

consider an energy conservation policy with economic growth, and the other twelve should care about 

their economic growth before adopting any conservation policies.  
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1. Introduction 

Environmental issues will play an essential role in determining the characteristics and options for 

economic development in this century. Nowadays the most important environmental problem is global 

warming, since it is affecting not only natural ecosystems but also economic activity. Global warming is 

generated by greenhouse gases emissions (GHG), which rise into the atmosphere and trap the sun‟s 

energy, keeping heat from escaping. The increase in GHG emissions is fundamentally linked to various 

anthropogenic activities. One of the principal GHG is the carbon dioxide, which enters the atmosphere 

through the burning of fossil fuels, solid waste, trees and wood products, and also as a result of other 

chemical reactions. As Ang (2007) has pointed out, energy consumption is a key determinant of CO2 

emissions, and so they can be reduced by reducing energy consumption.  

In order to reduce the effects of this environmental problem, decision makers in the governments 

must develop and implement energy conservation policies. However, energy consumption often affects 

economic growth, as it was proved by Hondroyiannis et al. (2002), Paul and Bhattacharya (2004), Oh 

and Lee (2004), Erdal et al. (2008), Bowden and Payne (2009), Zhang and Cheng (2009), and Chang 

(2010), and thus the creation of any energy conservation policy could lead to a reduction in economic 
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growth and finally to a fall in income and employment. 

Currently, Latin America and the Caribbean are suffering the effects of global warming more than 

any other region. According to World Bank Development Indicators (2009), the GDP and per capita 

GDP of the Latin American and the Caribbean countries saw a marked improvement from 2000 to 2008, 

when per capita GDP rose at a rate of 2.2 % per year, compared with only 1.5% in the previous ten 

years. The average energy consumption growth rate over the period 1970-2007 was 3.15% per year, 

compared with only 2.11% worldwide. Furthermore, the average growth rate of carbon dioxide 

emissions related to the energy consumption within this region over the period 1980-2005 was 1.76 % 

annually, compared with 0.94% for the rest of the world (EIA, 2008).   

 The purpose of this study is to know in which of the twenty Latin American and the Caribbean 

countries analyzed it will be possible to create energy conservation policies to mitigate global warming 

without affecting economic growth. 

 The principal contribution of this study will be to provide energy conservation policy advice to 

reduce global warming without affecting economic growth in the Latin America and Caribbean region, 

helping them to achieve more sustainable development. 

 This research paper is divided into four sections: Section one includes the research background, 

literature review and purpose, while section two features the methodology behind the data collection, 

co-integration, vector error correction and Granger causality test. Section three contains the empirical 

components of the study. Lastly, this paper ends with conclusions and policy suggestions drawn from the 

research findings. 

2. Methodology 

This section presents the research design of the study, data collection, cointegration, vector error 

correction modeling and Granger causality tests. 

2.1 Data 

Annual data of energy consumption (E), gross domestic product (GDP), population (P) and carbon 

dioxide emissions (C) for the twenty Latin American and the Caribbean countries comes from the same 

source, the 2009 World Development Indicators database from the World Bank. Due to data availability, 

the analysis is confined to the period 1971–2005. All the data has been compiled for individual 

countries. “E” is measured in kilotons of oil equivalent; “GDP” is in millions of U.S. dollars at constant 

2000 prices; “P” is measured in thousands of persons at mid-year; and “C” data in kilotons of carbon.  

2.2 Co-integration and Vector Error Correction Model 

The concept of co-integration can be defined as a common stochastic trend and a systematic 
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co-movement process among variables over the long run. The maximum eigenvalue test is used to 

ascertain the existence of co-integration. If the results show evidence of a co-integrating relationship 

among the variables, it indicates that the research variables enact a systematic co-movement over the 

long run. If the results do not show evidence of a co-integrating relationship, it means that there is no 

long-run correlation among the variables. Proof of a long-run causal relationship requires testing with a 

vector error correction model (VECM). The vector error correction model in this study is as follows: 

       (1) 

Where ∆ is a difference operator, k is the lag and ECT refers to the error-correction term derived from 

long-run cointegrating relationship via the Johansen maximum likelihood procedure, itECT  is a 

function of ktktktkt CandPGDPE ,,, and itu 's (for i= 1, 2, 3, 4) are serially uncorrelated random error 

terms with a zero mean. The parameters of are estimated. The ECT measures 

the long-run equilibrium relationship while the coefficients on lagged difference terms indicate the 

short-run dynamics. The statistical significance with t-value of the coefficients associated with ECT 

provides evidence of an error correction mechanism that drives the variables back to their long-run 

relationship (Thomas, 1993).  

2.3 Granger Causality 

If cointegration has not been found, vector autoregression (VAR) and Granger causality have been 

used to determine if the past and present values of the independent variables provide some useful 

information to forecast the dependent variables in the short term. The models used are as follows: 

                 (2) 
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                   (3) 

where p is the maximum number of lagged observations included in the model, and,,  are 

estimated, v ‟s are error terms. In the case of Eq. (2), if the past and present values of jty  provide 

some useful information to forecast tx at time t, it is said that jty  Granger causes tx  and has 

uni-directional causality running from jty  to tx . If jty ( itx ) and ( ty )  are jointly determined, and 

thus affected at the same time, there is bi-directional causality between the two variables. If jty (or 

itx ) and tx  (or ty ) have no causality, it is termed as „neutrality‟, which implies that neither 

conservative nor expansive policies in relation to jty (or itx ) have any effect on tx  (or ty ). 

3. Empirical Analysis 

In this section we will first conduct co-integration test, then the vector error correction model and 

Granger causality test.  

3.1 Cointegration 

For the variables that have been found to be stationary from the PP test of unit roots, Johansen‟s 

(1988) multivariate maximum likelihood procedure was performed, using the max-Eigen value in order 

to test for cointegration among them. 

The variables for Argentina, Bolivia, Brazil, Dominican Republic, Ecuador, Jamaica, Mexico, 

Nicaragua, Panama, Peru, Trinidad and Tobago, and Uruguay were not cointegrated at a 5% level of 

significance. For Chile, three cointegrating equations were found, while only one for Colombia, Costa 

Rica, El Salvador, Guatemala, Honduras, Paraguay and Venezuela. 

As mentioned in the previous section, for those countries that were cointegrated, a vector error 

correction model (VECM) was performed as Table 2 shows. From Table 2, energy consumption causes 

gross domestic product growth in Colombia, Costa Rica, Honduras and Paraguay. Gross domestic 

product causes energy consumption in Colombia and Venezuela. Population growth in Honduras and 

Paraguay assists economic growth. Finally, carbon dioxide emissions have a close relation with 

economic growth in all countries, except El Salvador and Venezuela. 
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Table 2 Results of Vector Error Correction and Granger Causality 

Country VECM Findings: Country Granger Causality 

Chile   C →GDP Bolivia   C →E 

 

Colombia  

  E→GDP 

  C →GDP 

  GDP→E 

Brazil   E →GDP 

Ecuador 

  GDP →C 

  E →C 

Costa Rica 

  E→GDP 

  C →GDP 

C →E 

GDP→C 

E →C 

Jamaica 

  GDP →E 

  GDP →C 

  E →C 

Nicaragua 
  GDP →C 

  E →C 

El Salvador C →E 

Peru 

  GDP →E 

  GDP →C 

  E →C 

  E →GDP 
Honduras 

  E→GDP 

  C →GDP 

  P →GDP 

C →P Trinidad and Tobago   E →C 

Paraguay 

  E→GDP 

  C →GDP 

  P →GDP 

E →C 

GDP→P 

E →P 

Uruguay 
  E →GDP 

  GDP →E 

  

  

  

  

Venezuela GDP→E   

Note: * denotes significance at the 0.05 level 

3.3 Granger Causality 

The results of the Granger causality test given in Table 2 show that, in the case of Bolivia, 

short-term unidirectional causality running from carbon dioxide emissions to energy consumption has 

been found. For Brazil, the existence of short-term unidirectional Granger causality is running from 

energy consumption to GDP. Finally, for Uruguay, energy consumption and GDP have a feedback effect. 

In conclusion, energy consumption in Brazil, Peru and Uruguay Granger causes economic growth. 

4. Conclusions 

 This paper concludes with the empirical results, which shows the Latin American and Caribbean 

countries in which will be possible to create energy conservation policies without affecting economic 

growth, and those in which it will not. According to this study, only in four of the twenty countries 
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examined (Argentina, Dominican Republic, Mexico and Panama) will be able to implement such polices 

without affecting economic growth, four (Bolivia, El Salvador, Guatemala and Trinidad and Tobago) are 

not able to discuss the relationship among emissions and consumption with economic growth (due to 

non-stationary in the first difference of the unit root test), and the other twelve should focus on their 

economic growth before designing any energy conservation policies.  

This study allows researchers and policy makers to know in which of the twenty Latin American 

and Caribbean countries analyzed it will be possible to apply energy conservation policies without 

adversely affecting economic growth. Policy-makers will then be able to create policies that allow their 

countries to grow in a more sustainable fashion.  

The initial intention of this study was to analyze the causality relationship among energy 

consumption, economic growth, carbon dioxide emissions and population for all of the forty-two 

America and the Caribbean countries, unfortunately due to data availability only twenty countries have 

been analyzed, and this limitation could perhaps be addressed in future work.  
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