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Abstract: The impact of renewable energy consumption on reducing the outdoor air pollution death rate, 
in nineteen Latin America & the Caribbean countries, from 1990 to 2016, using the econometric technique 
of Quantile Regression for Panel Data, was researched. Results show that economic growth, and fossil fuel 
consumption, are positively related to CO2 emissions, while renewable energy consumption bears a 
negative relationship with it. Furthermore, fossil fuel consumption has a positive impact on the mortality 
rate and economic growth a negative one. The negative effect of renewable energy consumption on the 
mortality rate is only observable on the right tail of its distribution. The modelisation reveals two ways in 
which the consumption of renewable energy can reduce the outdoor air pollution death rates: (i) directly, 
by increasing renewable energies; and (i) indirectly because the increase in the consumption of renewable 
energies implies a decrease in the consumption of energy from fossil fuels. The phenomenon of increasing 
urbanisation is a point where the action of public policymakers is decisive for the reduction of outdoor air 
pollution death rates. Here, the question is not to reduce the level of urbanisation but to act on the "quality" 
of urbanisation, to make cities healthier. The research concludes that public policymakers must focus on 
intensifying the transition from fossil to renewable energies and improving the quality of cities. 
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1. Introduction 

Air pollution is a problem that is responsible for more than 5 million deaths each year in the World 
(IHME, 2018). Moreover, the air pollution problem according to Romieu et al. (1990) is a combination of outdoor 
and indoor gases (e.g., household air pollution particulates, ammonia, carbon monoxide, sulfur dioxide, nitrous 
oxides, methane, chlorofluorocarbons, ambient fine particulate matter, and lead). Indeed, according to Ritchie and 
Roser (2020) and IHME (2018) these gases, when emitted into the atmosphere are responsible for many of the 
leading causes of death (e.g., lung cancer and chronic obstructive pulmonary disease, diabetes, respiratory 
infections, stroke, and heart disease). 

The impact of air pollution on premature mortality and disease revealed to be more pronounced in low- 
and middle-income countries than in high-income ones (e.g., Balakrishnan et al., 2019; Landrigan et al., 2018; 
Cohen et al., 2017). The process of urbanisation and growing industrialisation in addition to the industrial 
processes in the large cities, and consumption of fossil fuels by households, firms, industries are responsible for 
the increase in the air pollution problem and consequently these deaths (Li et al., 2020; Bayat et al., 2019; Romieu 
et al., 1990). This idea is followed by EPA (2018), and Pablo-Romero et al. (2016), where along with the authors, 
in the last century, the economic growth of developed and developing countries was accompanied by a surge in 
energy consumption, mostly from fossil fuels. This process led to an increase in the emissions of hazardous 
pollutants, which caused environmental degradation and had adverse impacts on human health and mortality. 
Indeed, in the World, the electricity and heat production sector accounted 25% of the total of air pollution in 2010, 
Agriculture, Forestry and Other Land Use (AFOLU) sector, 24%, industry sector, 21%, transport sector, 14%, 
other energies, 10%, and buildings sector, 6% (see Figure 1). 
 

 
Figure 1. Air pollution in the World per sector in 2010. This figure was created by the author and based 

on the FGV Energia (2016). 

 
Moreover, more than 80% of people living in these urban areas are exposed to air quality levels that 

exceed the World Health Organization (WHO) guideline limits, where the low-and middle-income countries were 
suffering from the highest exposures of outdoor air pollution (WHO, 2020). Latin America and the Caribbean 
(LAC) region is not an exception, where the countries from this region have registered a growth in the air pollution 
exposure between 1990-2014 (see Figure 2). 
 



 
Figure 2. PM2.5 air pollution, mean annual exposure (micrograms per cubic meter) in the LAC region 

between 1990-2016; This figure was created by the author and was based on the database from the 

World Bank Open Data (2020). 

 
Indeed this growth was caused by high urbanisation trends where 79% of the population of the region live 

in urban areas, and by economic liberalisation (e.g., trade and financial) that intensified during the period between 
1989-1992, and 2004-2014 and that consequently encouraged the rapid increase in the demand of energy and the 
air pollution (Koengkan and Fuinhas, 2020a Koengkan and Fuinhas, 2020b; Riojas-Rodríguez et al., 2016). Indeed, 
in the LAC region, the electricity and heat production sector accounted 48% of the total air pollution in 2014, 
AFOLU sector, 23%, industry sector, 4%, and waster 6% of air pollution emissions (see Figure 3). 
 

 

 
Figure 3. Air pollution in the LAC region per sector in 2014. This figure was created by the author based 

on the FGV Energia (2016).  

 
However, as can be seen in Figure 4, the outdoor air pollution in the region has been decreasing since 

2015 due to the biggest insertion of new energy sources. Moreover, the death rates from outdoor air pollution that 
measure the number of deaths per 100,000 population were 27.8 in 1990, and this value dropped to 24.04 in 2016. 



 
Figure 4. Evolution of Outdoor air pollution death rates (deaths per 100,000) in Latin America & Caribbean 

(1990-2016). This graph was created with the database from the Our World in Data (2020). 

 
Indeed, the slow growth in the air pollution exposure and the significant decrease in the deaths from 

outdoor air pollution between 1990 to 2016 coincides with the rapid intensification in the process of the energy 
transition in the region (Koengkan et al. 2019a). This rapid process of the energy transition was caused by the 
rapid development of new renewable energy sources (e.g., biomass, geothermal, solar, photovoltaic, waste, and 
wind) during the 1990s to 2016, where this kind of sources comprised only 5,03% of total installed capacity of 
energy in the region in 2016, where the wind energy comprised 2,12%, solar energy 0,40%, and other renewable 
energy that includes geothermal, biomass, and waste comprised 2,51%. Moreover, the large hydropower dam 
plants also had rapid growth in this period, where the participation of this kind of energy in the energy matrix 
reached a value of 23,57% (see Figure 5). However, the investments in large hydropower dam plants have been 
declining in the LAC region in the last decades due to the investments in new renewable energy sources.  
 



 
Figure 5. Share of energy sources in the LAC region energy matrix between 1970-2016; Other 

renewables include geothermal, biomass and waste energy; This figure was created by the author and 

was based on the database from the Our World in Data (2020). 

 
However, in the main countries of the LAC region such as Mexico, the renewable energy sources 

accounted for 5,91% of total energy matrix in 2016, in Argentina accounted for 10,74%, in Chile accounted for 
18,56%, while in Brazil accounted for incredible 36,40% of the total energy matrix (see Figure 6). 



 
Figure 6. Share of energy sources in Argentina, Brazil, Chile, and Mexico, in 2016; Other renewables 

include geothermal, biomass and waste energy; This figure was created by the author and was based 

on the database from the Our World in Data (2020). 

 
Moreover, between 1990 and 2016, the installed capacity of these energy sources was 360 Terawatt-hours 

(TWh) in 1990 and reached a value of 814 TWh in 2016. This increase is related to large investments in biomass 
and waste and by wind, geothermal, and also solar and large hydropower dam plants which make up most of this 
growth (see Figure 7). 
 



 
Figure 7. Installed capacity of renewable energy in the LAC region energy matrix between 1970-2016; 

Other renewables include geothermal, biomass and waste energy; The installed capacity is measured 

in terawatt-hours (TWh); This figure was created by the author and was based on the database from 

the Our World in Data (2020).  

 
This increase in the installed capacity of renewable energy in the region is a result of high investment in 

renewable energy technologies that was 1.6 US$ billion in 2004, and in 2016 reached 8.7 US$ billion (see Figure 

8). That is, the period between 2000 and 2013, the investment renewable energy technologies grew 13% between 
(Koengkan and Fuinhas, 2020a).  

  

 

Figure 8. Investment in new renewable energy sources in USD billion in the LAC region, between 2004-

2016; This figure was created by the author and was based on the data from the BloombergNEF (2020). 

 
This rapid expansion of renewable energy in the LAC region is also associated with the fast process of 

economic liberalisation as mentioned before that began in the 1990s, after the implementation of neoliberal policies 
during the process of the "Washington consensus", which is a combination of measures to promote the 



"macroeconomic adjustment", as well as by the "Brady Plan" which was an external debt restructuring plan 
(Koengkan and Fuinhas, 2020a). This process of macroeconomic adjustment occurred between 1989 and 1992, 
where several countries from the region adopted this strategy such as Costa Rica and Mexico in 1989, Venezuela 
(RB) in 1990, Uruguay in 1991, Argentina and Brazil in 1992 (Koengkan and Fuinhas, 2020b). All these countries 
according to Aizenman (2005) and Vásquez (1996) passed by a deep process of trade and financial liberalisation, 
in addition to the process of privatisation of significant portions of the public sector.  

However, this process of liberalisation in the region intensified with the "commodities boom" that 
occurred between 2004 to 2014, where the region had an average growth rate of 7.40% (Koengkan and Fuinhas, 
2020a). That is the commodities boom that occurred in the LAC region impacted the degree of economic openness, 
where the countries of this region created a dependence on external demand (Carneiro, 2012). This process of 
liberalisation during 1989-1992, and between 2004-2014, as mentioned before exerted a positive impact on 
economic growth, where the LAC's GDP per capita growth (annual %) had an average annual growth rate of 
approximately 2,67% between 1989 to 2016 (see Figure 9). 
 

 
Figure 9. GDP growth (annual %) in the LAC region between 1989-2016; This figure was created by the 

author and was based on the database from World Bank Open Data (2020). 

 
As well as, the energy consumption, wherein 1990, the electric power consumption in Kilowatt-hour 

(kWh) per capita in the region was 1175,97 kWh, and in 2014 the consumption had reached a value 2155,70 kWh 
(see Figure 10). 
 



 
Figure 10. Electric power consumption (kWh per capita) in the LAC region; This figure was created by 

the authors and was based on the database from World Bank Open Data (2020). 

 
However, to meet the energy demand, new investments in renewable energy technologies were necessary 

(Koengkan et al., 2019b). Additionally, this same process of liberalisation also facilitated the introduction of new 
renewable energy technologies via trade liberalisation that consequently contribute to the increase in the installed 
capacity and consumption of this kind of energy in the region (Koengkan et al., 2019c). Moreover, the LAC region 
faces the difficult challenge of fostering economic development and reducing poverty, without increasing their 
reliance on fossil fuels. It is in an enviable position to accomplish this goal because it has been blessed by 
exceptional natural conditions to produce energy from renewable sources (Aghahosseini et al., 2019; Shahsavari 
and Akbari, 2018; Barbosa et al., 2017; Griffith-Jones et al., 2017). It can also benefit from the steady decline of 
the wind and solar levelised costs of energy. Unfortunately, recent figures show that the promotion of renewable 
energy sources in Latin American countries has been insufficient to avoid a decrease in their share of total energy 
consumption (Washburn and Pablo-Romero, 2019). 

Based on the events described above, we created the following main research question of this 
investigation. Can renewable energy consumption decrease the deaths from outdoor air pollution in Latin 

America and the Caribbean region? The main research objective is to identify the effects of renewable energy 
consumption on deaths from outdoor air pollution in a group of nineteen countries from the LAC region for the 
period from 1990 to 2016. The empirical approach was performed recurring to the new Quantile via Moments 
model approach that was introduced by Machado and Silva (2019). Indeed, the quantile regression is more flexible 
than traditional least square methods (e.g., Onyedikachi, 2015), as it allows the marginal effects of the covariates 
to change across the population, whereas the latter only captures the impact of the covariates on the conditional 
mean. This feature proved to be crucial in our study because the effects of the explanatory variables on outdoor 
pollution death rate and CO2 emissions do change across the distribution. Furthermore, unlike least square 
methods, whose estimates are very sensitive to the presence of outliers, in quantile regressions, the influence of 
outliers on conditional quantiles is bounded and depends only on the sign of the residuals (Koenker, 2005). Lastly, 
least-square methods usually rely on the assumption that variables are normally distributed, while quantile methods 
are distribution agnostic. 

The motivation that drives the realisation of this investigation is related by the necessity of deepening or 
expand the knowledge regarding the effect of renewable energy consumption in other scientific areas such as 
health and show that the increase of renewable energy consumption caused by the process of the energy transition 
can cause positive health effects. That is, the increase in consumption of renewable energy caused by energy 
transition can reduce the air pollution mortality from low- and middle-income countries, such as the LAC countries 
that suffering from diseases caused by air pollution, and consequently can improve the life expectancy in these 
countries. 

Moreover, the investigation's contribution to literature is twofold. Firstly, we evaluate the impact that 
renewable energy has exerted on the deaths from outdoor air pollution in the LAC region. We conceive an 



econometric model linking the deaths from outdoor air pollution with economic growth, carbon dioxide emissions, 
consumption of renewable energy, consumption of fossil fuels and urbanisation. These explanatory variables, by 
themselves, do not directly cause the mortality that we are trying to explain, but they are correlated with the 
generation of toxic pollutants, which may be responsible for an increase in respiratory and cardiovascular diseases 
and, ultimately, death. Thus, our work provides an indirect assessment of the impact hazardous pollutants, that are 
correlated with our explanatory variables, have on the mortality rate in the LAC region. Simultaneously, the 
individual contribution of each variable could be assessed and let as to percept if the energy transition from fossil 
to renewables materialises in the quality of public health. Secondly, we use a panel quantile estimator with 
individual effects to check whether the impact of renewable energy and the control variables on the deaths from 
outdoor air pollution in LAC countries is homogeneous throughout their distributions. 

The remainder of this study is organised as follows. In the next section, we conduct a literature review on 
the relationship between economic growth and pollution, and the association between pollutant concentrations and 
mortality rates. In section 3, we describe the methodology and the dataset. In section 4, we present the main 
results, and, in section 5, we discuss them. Finally, section 6 concludes the paper. 

2. Literature review 

In this Section will be presented a brief review of the debate linking economic growth, urbanisation, and 
consumption of fossil fuels with air pollution and mortality. Air pollution encompasses a mix of voluminous 
pollutants. Among the significant components present in the air pollution there are: (i) the household air pollution; 
(ii) the ambient particulate matter pollution; and (iii) the ambient ozone (troposphere). The main sources of 
household air pollution are the residential burning of solid fuels (mainly wood, charcoal, dung, residues, and coal) 
for cooking and heating. The ambient particulate matter pollution results primarily from coal-burning (thermal 
power generation), emissions (industrial, construction, brick ovens and motorised vehicles), the road dust, burning 
(biomass, waste, agricultural residues), and diesel generators. Ambient ozone was produced at ground-level 
because of the reaction of nitrogen oxides and volatile organic compounds, in the presence of sunlight. The main 
emitters are the motorised vehicles, power generation plants, and industries. As developing countries grow, they 
inevitably are exposed to challenging constraints from air pollution. 

The level of air pollutant depends on temperature, wind speed, and rainfall. Indeed, most of the air 
pollutants, exhibit pronounced seasonal patterns because of weather (Bharadwaj et al., 2017). Indeed, the level of 
concentration of air pollutants on one location is conditional on the different sources of emissions, as well as, the 
weather and seasonal patterns. 

 2.1. Economic growth and air pollution 

The relationship between economic growth and air pollution has drawn the attention of researchers 
worldwide. According to the Environmental Kuznets Curve (EKC), popularised by Grossman and Krueger (1991), 
there is an inverted U-shaped relation between per capita air pollution and per capita GDP. In the early stages of 
economic development, growth generates a higher level of pollution, but, at later stages, society becomes 
increasingly concerned about environmental preservation and pollution declines. Alvarez-Herranz et al. (2017) 
argue that there is a third stage disregarded by the supporters of the traditional EKC, where technical obsolescence 
in high-income countries drives the CO2 emissions up once again. Despite the voluminous literature that focuses 
on the relation between air pollution and economic growth, this issue remains unsettled and deserves further 
research. Amongst the studies that focus mainly in LAC countries, some are consistent with the EKC hypothesis 
(Hanif, 2017; Sapkota and Bastola, 2017), while others report a monotonically positive association between 
economic growth and CO2 emissions (Pablo-Romero and Jesus, 2016; Jardón et al., 2016; Van-Ruijven et al., 
2016). This inconclusive pattern is also observed in research involving an extended set of countries from different 
continents, where the shape of the relation between air pollution and economic growth depends on the specific 
pollutants considered, the countries and period, as well as the methodology selected (Hove and Tursoy, 2019; Yao 
et al., 2019; Rasli et al., 2018; Bilgili et al., 2016). 

Renewable energy sources are believed to mitigate the impact of economic growth on CO2 emissions and 
can lead to anticipation in the turning point of the EKC (Alvarez-Herranz et al., 2017). Most research on this 
subject involving Latin American countries is consistent with this hypothesis (Koengkan et al., 2019a; Yao et al., 
2019; Koengkan et al., 2019b; Koengkan, 2018; Ito, 2017; Fuinhas et al., 2017; Özbuğday and Erbas, 2015; 
Robalino-López et al., 2015; Shafiei and Salim, 2014), but some authors reach the opposite conclusion (Zaman 
and Moemen, 2017; Apergis et al. 2010). 

 2.2. Urbanisation 

The exposure to air pollution is particularly acute at the city level, where the level (of fine) particle 
concentration from local traffic represents a challenging threat to public health. These problems grew up with rapid 
urbanisation, intensification of traffic due to growing demand for road transportation, and in many cases because 



of a combination of low-quality fuels, old and poorly maintained vehicles. Indeed, the problem is acute in the 
presence of high rates of urbanisation. 

Air pollution is increasingly recognised as a serious threat to population health as it damages buildings, 
disturbs the ecosystem, and limits visibility. Air pollution has been more and more linked with the increasing levels 
of the most prevalent chronic diseases and the hospital and emergency department visits, as well as with decreases 
in life expectancy and an increasing loss of work and school days (Brønnum-Hansen et al., 2018; Nasari et al., 
2016). 

The urban traffic-related air pollution exposes the city dwellers to NO2 emissions and ultrafine particles 
that are mainly originated from diesel-powered vehicles. Reducing the NO2 emissions exposure to control traffic-
related air pollution requires considerable investments in public transportation, creative traffic management, 
improving fuel quality, promoting modes of transportation, and expanding low emission zones. The stance of 
economic growth is a significant driver in the capacity to burden the costs of transition to urban health areas. The 
extension of problems that air pollution put to economic viability manifests itself in several ways. For example, 
air pollution has also affected tourism adversely and induced the moving out of highly polluted cities as 
documented for China (Becken et al., 2016). 

 2.3. Consumption of fossil fuels 

The developing countries have faced quite a few specific containments that have limited their ability to 
circumvent the damage for public health that come from the consumption of fossil fuels. Even the evidence from 
developed economies cannot promptly be reassigned to the developing countries. The dissimilar cultures, contexts 
and institutions represent an obstacle that empties its usefulness. 

The main barriers to adopt policies (economic, social, environmental, and health) in developing countries 
come from them facing constraints on their regulatory capacity to enforce environmental regulations. For example, 
improving fuel standards by imposing fuel quality is very important in urban areas. The welfare consequences of 
low enforcement of environmental regulations reveal to be particularly severe in densely populated areas or fast-
growing cities. Another source of concern is the industry opposition. Governments have been confronted with 
limited financial resources and scarce qualified staff (e.g., International Council on Clean Transportation, 2010) 
to be able to change the situation. 

The consumption of fossil fuels is a significant contributor to air pollution because the exhaust emission 
from internal vehicles' combustion engines (especially heavy-duty diesel-powered vehicles) contains large 
amounts of toxics, mainly nitrogen oxides and ultrafine particles. Traffic-related air pollution generates exposure 
to NO2 that increase the incidence and prevalence of major respiratory, chronic cardiovascular, metabolic diseases, 
lung cancer, and a decrease in disease-free life expectancy (e.g., Brønnum-Hansen et al., 2018). 

 2.4. Air pollution and mortality 

Several epidemiological studies have linked air pollutants to adverse health outcomes. Ambient fine 
particulate matter pollution poses a considerable risk to people because the exposure to particles can result in them 
penetrating deep into the lungs and remain there for long periods. Ambient and household exposure to ambient 
fine particulate matter pollution increase the relative risks for mortality from acute lower respiratory infections, 
chronic obstructive pulmonary disease, ischaemic heart diseases, stroke, lung cancer, and diabetes. 

Over the last decades, developing countries were confronted with health problems caused by the rapid 
industrialisation that has generated an unprecedentedly high level of air pollution. The air pollutants diffuse readily 
into indoor environments and are transported over long distances (Pope and Dockery, 2006). More explicitly, air 
pollution has been associated with an increased incidence of lung cancer, respiratory and heart disease mortality, 
and the aggravating of asthma (Pope and Dockery, 2013; Parry et al., 2007; Greenstone, 2004). Another important 
source of air pollution is the steady increase in ozone that provokes damages in human health and harvests. 

The research on the impact of air pollution on mortality can be classified in two broad categories: (i) times 
series studies, which analyse the effect that short-term fluctuations in pollutants' concentration has on mortality 
rates; and (ii) cohort studies that require researchers follow a subpopulation over an extended period to assess the 
impact of long-term exposure to air pollution on mortality rates. In Latin America, most studies analyse the short-
term effect of increases in PM10 exposure on mortality, due to data availability, and report mild increases in 
mortality for São Paulo (Costa et al., 2017a; Costa et al., 2017b; Bravo et al., 2016; Gouveia and Fletcher, 2000), 
and for several other Latin American cities (Liu et al., 2019; Gouveia and Junger, 2018; Romieu et al., 2012; 
O'Neill et al. 2008). The analysis of the impact of PM10 concentration on mortality may provide misleading 
conclusions because it depends on the concentration of associated pollutants. Recognising this limitation, several 
authors studied other pollutants and found that sulphur dioxide (Gouveia and Junger, 2018; Bravo et al., 2016), 
nitrogen dioxide (Costa et al., 2017a, 2017b; Bravo et al., 2016), carbon monoxide (Costa et al., 2017a, 2017b; 
Bravo et al., 2016), and ozone (Costa et al., 2017a; Bravo et al., 2016; Gouveia and Fletcher, 2000) lead to increases 
in the mortality rate.  

To the best of our knowledge, no cohort study investigates the long-term impact of pollution on Latin 
American countries. These studies require a vast amount of resources and take a long time to complete, which 



prevents most countries from conducting them. However, they may be more relevant to our research than time-
series ones because we analyse the evolution of mortality at a yearly frequency. Recently, three articles reviewed 
the cohort studies focusing on the association between PM2.5 exposure mortality rates and provided meta-
regression estimates of the impact size (Nabizadeh et al., 2019; Pope et al., 2019; Vodonos et al., 2018). These 
authors concluded that long-term exposure to PM2.5 adversely affects mortality rates, and its impact is at least as 
high as the short-term one. 

3. Method and data 

This Section is divided into two subsections. The first one (3.1.) presents the adopted method approach 
that will be used, and the Second (3.2.) describes the data and variables that will be used in this study. 

3.1. Method 

This subsection will show the method approach that this study will use. Therefore, to help to answer the 
central question, as well as answer the specific questions of this study, the Quantile via Moments model approach, 
was used. This method, introduced by Machado and Silva (2019), allows the estimation of conditional quantiles 
using panel data in the presence of individual effects, which, unlike in Canay (2011), maybe both location and 
scale shifters. Furthermore, it generates estimates of the regression quantiles that do not cross, which is 
fundamental in empirical studies. This method can provide information on how the regressors affect the entire 
conditional distribution. Moreover, according to Machado and Silva (2019), the Quantile via Moments model, 
given data �(��� , ���

� )�
 from a panel of n individuals i = 1,…, n over T periods, is constructed around the following 
Equation (1): 

��� = �� + ���
� � + (�� + ���

� �)���  , (1) 

 

with, ���� + ���
� � > 0
 = 1. The parameters (��, ��), � = 1, … , �, capture the individual i fixed effects and Z is a 

k-vector of known differentiable (with probability 1) transformations of the components of X with element l given 
by �� = ��(�),    � = 1, … , �. In empirical research, we will use a special case of Eq. (1), a linear heteroskedasticity 
model, in which  (∙) is the identity function, and Z = X. The sequence ����
 is i.i.d. for any fixed i and independent 
across t. ���  are i.i.d. (across i and t), statistically independent of ��� , and normalised to satisfy the moment 
condition "(�) = 0 ∧ "(|�|) = 1 (Machado and Silva, 2019). Equation (1) implies that the conditional quantile-
τ is given by Equation (2): 

%&('|���) =  (�� + ��)(')* + ���
� � + ���

� �)(') , (2) 

 
, with )(') = +,

-�('), where +, is the distribution function of U. The aforementioned authors propose a recursive 
estimation method, based on a set of moment conditions, which is computationally simple and fast and does not 
require the use simulations that would render its widespread adoption difficult (e.g. Powell, 2016). They also prove 
that the resulting estimates are consistent and asymptotically normal. 

After computing the estimates, the marginal effect of the explanatory variable l on quantile ' of the 
dependent variable can be retrieved from Equation (3): 

��('|�) =  �� +
2�′
2��

 �)('), (3) 

 
The Quantile via Moments model will be used, and their results will be compared with those form a 

Pooled OLS and Robust model estimators. The Pooled model will be used as a benchmark. These two estimators 
were used in order to evaluate the effect of renewable energy consumption on outdoor air pollution death rate, as 
well as identify if this consumption also mitigates the emissions of CO2. Therefore, before the realisation of 
Quantile via Moments model, it is necessary to verify the proprieties of variables that will be used in this study, 
which includes, check the normality, the presence of multicollinearity, and fixed or random effects. Consequently, 
the first tests that need to be applied before the regressions are: 

(i) Shapiro-Wilk and Shapiro-Francia test for normality (Royston, 1983). This test verifies the normality 
for the model. The null hypothesis of this test is the presence of normality; 

(ii) Skewness and Kurtosis test for normality (D'Agostino et al., 1990). This test checks the normality based 
on skewness and another based on kurtosis and then combines the two tests into an overall test statistic. 
The null hypothesis of this test is that the data is normally distributed; 

(iii) Variance Inflation Factor (VIF) test, to verify if variables are multicollinear (Belsley et al., 1980); 
(iv) Cross-sectional dependence (CSD) test to identify the presence of cross-sectional dependence (CSD) in 

the panel's data (Pesaran, 2004); 
(v) Panel Unit Root test (CIPS) to verify the presence of unit roots in the variables(Pesaran, 2007); 



(vi) Hausman test to identify heterogeneity, i.e., whether the panel has random effects (RE) or fixed effects 
(F.E.). 

 
Indeed, after the Quantile via Moments regression model, it is required to apply some post-estimation 

tests, such as: 
 

(i) Breusch-Pagan / Cook-Weisberg test for heteroskedasticity (Breusch-Pagan, 1979; Cook-Weisberg, 
1983). The null hypothesis of this test is the presence of homoscedasticity(1); 

(ii) Wald test (Agresti, 1990) to test the global significance of the estimated models. The null hypothesis of 
the Wald test is that all the coefficients are equal to zero. 

 
These two post-estimation tests need to be applied to verify the presence of heteroscedasticity in the 

models. Furthermore, the estimation and testing procedures are accomplished using Stata 15.0. 

3.2. Data 

This study used annual data that was collected from 1990 to 2016 of nineteen countries from the LAC 
region (e.g., Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, 
Guatemala, Haiti, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay, and Venezuela (R.B.)). Then, 
the use of time-span between 1990 to 2016 is attributable to the availability of data starting in 1990 for the variable 
Outdoor air pollution death rates (deaths per 100,000) at Our World in Data (2020). The availability of data until 
2016 for the variables carbon dioxide emissions in kilotons (Kt) per capita, consumption of fossil and renewable 
energy in (kWh) per capita at World Bank Data Open (2020) for in all countries selected. Indeed, this unavailability 
of data up to 2016 for the variables carbon dioxide emissions in kilotons (Kt) per capita, consumption of fossil and 
renewable energy in (kWh) per capita do not allow us to extend our database. 

This group of countries from the LAC region due to several reasons: (a) the region has been registering 
an increase in air pollution levels in the last thirty years ; (b) the region has experienced a rapid process of economic 
development caused by economic growth that encouraged the increase of urban population and consequently the 
consumption of fossils in the region and, consequently, the air pollution levels as mentioned before and the outdoor 
air pollution death rate; (c) the countries from the LAC region have registered a rapid consumption of renewable 
energy sources encouraged by the process of economic development, urban population growth, and environmental 
concern in the region; and (d) the existence of a complete database was the main criteria for choosing these 
countries from the LAC region. The variables used to perform this investigation are: 
 
 

Table 1. Description of variables 

Description of variables 

Variable Definition Source 

 

 
 

Outdoor air pollution death rates per 100,000 Our World in Data (2020) 

OAPDR 

 

 
 

Gross Domestic Production in constant local 
currency unity (L.C. U) and expressed per capita 

World Bank Open Data (2020) 

GDP_PC 

 

 
 

Carbon dioxide emissions (CO2) in kilotons (Kt) per 
capita from the burning of fossil fuels and the 

manufacture of cement. This variable also includes 
carbon dioxide produced during the consumption of 

solid, liquid and gas fuels and gas flaring 

World Bank Open Data (2020) 

CO2 

 

Notes (1): The Breusch-Pagan / Cook-Weisberg test for heteroskedasticity can be apply only in the Pooled 

OLS estimator. 



 

 
 

Consumption of renewable energy from biomass, 
hydropower, solar, photovoltaic, wind, wave and 

waste in (kWh per capita) 
World Bank Open Data (2020) 

RENE_CONSU 

 

 
 

Consumption of fossil fuels from oil, gas and coal 
sources in (kWh per capita) 

World Bank Open Data (2020) 

FOSSIL_CONSU 

 

 
 

Urbanisation rate, which refers to people living in 
urban areas as defined by national statistical offices 

World Bank Open Data (2020) 

URBA 

 

 
The variables GDP_PC, CO2, RENE_CONSU, and FOSSIL_CONSU, were transformed into per 

capita values with the total population of each cross. The per capita value allows disparities to be controlled for 
population growth over time and within countries (Koengkan et al., 2020). Moreover, the option for using GDP in 
constant LCU instead of constant U.S. dollars attenuates the influence of both inflation (otherwise present in the 
variables of the model) and the deviation of exchange rates from their fundamentals. Indeed, it is necessary to 
consider that the exchange rates often deviate from their long-run fundamental equilibrium for extended periods 
(Santiago et al., 2019). 

Additionally, the GDP in constant U.S. dollars was tested on the initial models and presented results 
slightly different from when constant LCU was used. Table 2 shows the summary statistics of variables. 
 
Table 2. Descriptive statistics 

Variables 
Descriptive Statistics 

Obs. Mean Std.-Dev. Min. Max. 

LnOAPDR 513 3.2677 0.3709 2.4989 4.4220 
LnGDP_PC 513 11.1120 2.9185 7.2408 17.1658 
CO2 513 3.4413 5.5905 0.4766 36.0916 
LnRENE_CONSU 513 10.2061 0.8778 6.4093 12.0487 
LnFOSSIL_CONSU 513 11.2782 0.9233 8.6280 13.4712 
LnURBA 513 4.1967 0.2181 3.7003 4.5553 
Notes: (Ln) denote variables in the natural logarithms; Obs. denotes the number of observations in the model; 
Std.-Dev. denotes the Standard Deviation; Min. and Max. denote Minimum and Maximum, respectively; the 
command sum of Stata was used. 
 

Moreover, we should stress that they are already in their natural logarithms (see prefix "Ln"). All variables 
are updated every three months. This is good practice to make the investigation updated and consistent. 

4. Empirical results 

This Section will present the empirical results of the preliminary and post-estimation tests as well as the 
outcomes of Pooled and Quantile via Moment estimators. Then, with the purpose of to check the normality of 
each model, the Shapiro-Wilk W-test for normal data was used to test the residuals of Pooled regression (e.g., 
Resid_OAPDR and Resid_CO2). In Table 3, we can see the results of the Shapiro-Wilk W-test for normal data 
for two models that will be estimated.  
 



Table 3. Shapiro-Wilk W-test for normal data 
Variables Obs. W V Z Prob>z 

Resid_OAPDR 513 0.9171 28.526 8.064 0.0000 
Resid_CO2 513 0.8241 60.560 9.876 0.0000 

Notes: The command sktest of Stata was used.  
 

The results of the Shapiro-Wilk W-test for normal data lead to a rejection of the null hypothesis of 
normality for the models OAPDR and CO2. Indeed, after the normality data test, it is required to apply the 
Skewness and Kurtosis test with the purpose to also identify the normality of residual of models from Pooled 
regression (e.g., Resid_OAPDR and Resid_CO2). The results of Table 3. Skewness/Kurtosis tests for 

Normality also indicate to reject the null hypothesis for two models (see Table 4). 

Table 4. Skewness/Kurtosis tests for Normality 

Variables Obs. Pr(Skewness) Pr(Kurtosis) adj chi2(2) Prob>Chi2 

Resid_OAPDR 513 0.0000 0.0000 n.a. 0.0000 
Resid_CO2 513 0.0000 0.0000 n.a. 0.0000 
Notes: The command sktest of Stata was used; n.a., denotes not available. 
 

Moreover, the outcomes of these two tests constitute additional support for the adequacy of using the 
quantile regression (Afonso et al., 2019). Subsequently, the tests of normality, the VIF test that informs on the 
presence of multicollinearity needs to be computed. In Table 5, we can see the results of VIF-test for two models 
that will be estimated. 

 

The results of VIF-test indicate the presence of low multicollinearity in the estimation of each model (e.g., 
OAPDR and CO2), where the VIF and mean VIF values are lower than the usually accepted by the benchmark of 
10, in the case of the VIF values, and 6 in the case of the mean VIF values. Moreover, to identify the presence of 
cross-sectional dependence (CSD) in the panel's data, the CSD-test was also used. The null hypothesis of this test 
is the presence of cross-section independence CD~N(0,1). The results of CSD-test indicate that variables such as 
LnGDP_PC, CO2, LnRENE_CONSU, LnFOSSIL_CONSU, and LnURBA have the presence of cross-section 
dependence (see Table 6). 
 

Table 6. Pesaran CD-test 

Variables CD-test p-value Corr Abs (corr) 

LnOAPDR 0.24 0.814  0.003 0.165 

LnGDP_PC 54.91 0.000 *** 0.808 0.808 

CO2 32.49 0.000 *** 0.478 0.573 

LnRENE_CONSU 17.65 0.000 *** 0.260 0.462 

LnFOSSIL_CONSU 53.27 0.000 *** 0.784 0.800 

LnURBA 55.97 0.000 *** 0.824 0.926 

Notes: The Stata command xtcd was used; "Ln" denotes variables in natural logarithms; *** denotes statistical 
significance at the 1% level.  

 

Table 5. VIF-test 

Variables VIF 1/VIF Mean VIF 

OAPDR 

LnGDP_PC 1.15 0.8732 

2.62 
CO2 3.57 0.2804 
LnRENE_CONSU 2.32 0.4305 
LnFOSSIL_CONSU 3.61 0.2772 
LnURBA 2.46 0.4068 

CO2 

LnGDP_PC 1.10 0.9053 

1.66 
LnRENE_CONSU 1.64 0.6109 
LnFOSSIL_CONSU 1.75 0.5726 
LnURBA 2.16 0.4630 
Notes: (Ln) denotes variables in the natural logarithms. 



However, the presence of CSD in these variables can be an indication that the selected countries of this 
study share the same characteristics and shocks (Fuinhas et al., 2017). However, the non-presence of cross-section 
dependence in the variable LnOAPDR can be related to different death rates from outdoor air pollution in the LAC 
region, making impossible the identification of the same death rates for all countries in the region.  

Nevertheless, in the presence of CSD, it is necessary to verify the order of integration of the variables that 
will be used. To this end, the Panel Unit Root test (CIPS) developed by Pesaran (2007) was used. The null 
hypothesis of the Panel Unit Root test (CIPS) is that all series have a unit root. The results from the CIPS-test (see 
Table 7) indicate that none of the variables seems to be I(2), although it shows that some are borderline between 
I(0) and I(1). Moreover, the variable LnOAPDR with, and without trend shows to be I(0) (see Table 7).  
 

 

Indeed, since most variables appear to be somewhere borderline between I(0) and I(1), this investigation 
opted not to perform the Westerlund cointegration test (Wersterlund, 2007), to identify the presence the 
cointegration between the variables, where this test requires that all variables are I(1). After the realisation of the 
panel unit root test, the next stage is to assess the presence of individual effect in each model (e.g., OAPDR and 
CO2). To this end, the Hausman test, comparing random (RE) and fixed effects (F.E.), was used. The null 
hypothesis of this test is that the difference in coefficients is not systematic, (i.e., random effects are the most 
suitable estimator). In Table 8, we can see the results of the Hausman test for four models that will be estimated. 

Table 8. Hausman test 
OAPDR CO2 

chi2(5) = 66.23 *** chi2(4) = 139.65*** 
Notes: *** denotes statistically significant at the 1% level; Hausman results for H0: difference in coefficients 
not systematic; the Stata commands hausman (with the options sigmamore) was used. 

 

The Hausman test indicates that the null hypothesis should be rejected in two models and that a fixed-
effects model is the most appropriate for this analysis. After the realisation of preliminary tests, the Pooled and 
Quantile via Moments estimator can be made. Remembering that the Quantile via Moments is the principal 
methodology of this investigation, and their results will be compared with those from a Pooled OLS and Robust 
estimators. 

Consequently, the Pooled OLS and Pooled Robust estimators will be used as a benchmark for the 
Quantile via Moments estimator. Indeed, the Pooled Robust was added in this estimation due to the possible 
presence of heteroscedasticity in the models based on visual analysis of descriptive statistics of variables. The 
Pooled Robust provides corrected standard errors, and consequently, the correct coefficient significant level 
(Afonso et al., 2019). Regarding the Quantile via Moments, the 25th, 50th, and 75th quantiles were respectively 
calculated with the purpose of assessing the impact of renewable energy consumption on deaths from outdoor air 
pollution. Indeed, both the methods that will be used do not allow to perform causalities; it only allows observing 
the effect at the quantiles. Table 9 shows the results of Pooled OLS and Robust, and Quantiles of OAPDR model, 
as well as the results of post-estimation tests (e.g., Breusch-Pagan / Cook-Weisberg test for heteroskedasticity 
and Wald test), to confirm the presence of heteroskedasticity in the models. Remembering that only the Breusch-

Pagan / Cook-Weisberg test for heteroskedasticity can be applied in the Pooled OLS estimator, and the Wald 

test can be applied only in the Quantile via Moments estimator. 

Table 7. Panel Unit Root test (CIPS-test) 

Variables 

Panel Unit Root test (CIPS) (Zt-bar) 
Without trend With trend 

Lags Zt-bar Zt-bar 
LnOAPDR 1 -7.213 *** -5.270 *** 
LnGDP_PC 1 -0.742  -0.073  
CO2 1 -3.045 *** -0.353  
LnRENE_CONSU 1 -2.532 *** -0.631  
LnFOSSIL_CONSU 1 -2.597 *** -0.940  
LnURBA 1 -0.120  2.755  
DLnGDP_PC 1 -6.027 *** -4.595 *** 
DLnURBA 1 -1.590 * -2.261 ** 

Notes: The Stata command multipurt was used; The null for CIPS test is: series have unit root; the lag length 
(1) and trend were used in this test; ***, ** and * denote statistically significant at the 1%, 5% and 10% levels, 
respectively: "Ln" and "D" denote variables in natural logarithms and first differences, respectively. 



Table 9. Estimations for outdoor air pollution death rates (OAPDR) 

Independent 

variables 

Dependent variable (LnOAPDR) 

Pooled  Quantiles 

OLS Robust  25th 50th 75th 

LnGDP_PC -0.0324 *** ***  -0.5316 *** -0.3743 *** 
-

0.2132 
** 

CO2 0.0176 *** ***  -0.0134 ** -0.0159 *** 
-

0.0184 
*** 

LnRENE_CONSU -0.1736 *** ***  -0.0307  -0.0753 * 
-

0.1209 
** 

LnFOSSIL_CONSU 0.0723 *** ***  0.2546 *** 0.1888 *** 0.1214 ** 
LnURBA 0.4164 *** ***  0.7483 *** 0.7746 *** 0.8015 *** 
Constant 2.7756 *** ***  n.a. n.a. n.a. 
Obs 513 513  513 513 513 
Wald test (chi2) 134.53 *** 191.50 ***  89.03 *** 144.50 *** 82.39 *** 
Breusch-

Pagan/Cook-

Weisberg test 

chi2(1) = 
13.19 

*** n.a.  n.a. n.a. n.a. 

Notes: The Stata command reg and xtqreg were used; ***, **, and * denote statistically significant at 1%, 5% 
and 10% level respectively; (Ln) denotes variables in natural logarithms. The option robust was used in OLS 
estimation; n.a., denotes not available. 

 

The Pooled OLS and Robust estimators indicate that emissions of CO2, consumption of fossil fuels and 
urbanisation increase the deaths from outdoor air pollution, and the economic growth and the consumption of 
renewable energy decrease these deaths. Moreover, the results from the Pooled estimator are statistically 
significant at 1% levels in the OLS and Robust estimators. The Quantile via Moments indicates that in the 25th, 
50th, and 75th quantiles the economic growth, emissions of CO2, decrease the deaths from outdoor air pollution, 
while the renewable energy consumption decrease in 50th and 75th quantiles. However, the consumption of fossil 
fuels and urbanisation increase these deaths from outdoor air pollution in the 25th, 50th, and 75th quantiles. 
Moreover, the results from this estimator are statistically significant at the 1%, 5%, and 10% levels, respectively. 
The post-estimation tests (e.g., Breusch-Pagan / Cook-Weisberg test for heteroskedasticity and Wald test) 
indicates the presence of heteroscedasticity in the model. The result from the post-estimation test is an indicator 
that the estimations that this investigation use is adequate. 

Indeed, the capacity of renewable energy and emissions of CO2 to decrease the deaths from outdoor air 
pollution can be related to the consumption of this kind of source that decreases the emissions of CO2 that cause 
these deaths. So, does the consumption of renewable energy decrease the CO2 emissions in Latin America 

and the Caribbean region? This investigation will also verify the impact of renewable energy consumption on 
CO2 emissions to identify this possible reduction. Table 10 shows the results of Pooled OLS and Robust, and 
Quantiles of CO2 model, as well as the results of post-estimation tests (e.g., Breusch-Pagan / Cook-Weisberg 

test for heteroskedasticity and Wald test), to confirm the presence of heteroskedasticity in the models. 

Table 10. Estimations for CO2 emissions 

Independent 

variables 

Dependent variable (CO2) 

Pooled  Quantiles 

OLS Robust  25th 50th 75th 

LnGDP_PC 0.2045 *** ***  8.0317 *** 8.5633 *** 9.0699 *** 

LnRENE_CONSU -2.7934 *** ***  -3.6494 *** -3.6071 *** 
-

3.5667 
*** 

LnFOSSIL_CONSU 4.3741 *** ***  0.9914 ** 0.8498 *** 0.7148  

LnURBA -7.4130 *** ***  
-

10.3509 
*** 

-
10.1324 

*** 
-

9.9241 
*** 

Constant 11.4583 *** ***  n.a. n.a. n.a. 
Obs 513 513  513 513 513 
Wald test 325.84 *** 68.29 ***  57.90 *** 97.74 *** 56.38 *** 
Breusch-

Pagan/Cook-

Weisberg test 

chi2(1)=765.46 *** n.a.  n.a. n.a. n.a. 

Notes: The Stata commands reg and xtqreg used; *** and ** denote statistically significant at the 1% and 5% 
levels, respectively; (Ln) denotes variables in natural logarithms; the option robust was used in OLS estimation; 
n.a., denotes not available. 

 



The Pooled OLS and Robust estimators indicate that the economic growth, consumption of fossil fuels 
and urbanisation increase the emissions of CO2. In contrast, renewable energy consumption and urbanisation 
mitigate these emissions as expected. Moreover, the results from the Pooled model are statistically significant at 
the 1% level in the OLS and Robust estimators. The Quantile via Moments indicates that in the 25th, 50th, and 
75th quantiles the economic growth increases the emissions of CO2, while the consumption of fossil fuels increases 
in the 25th and 50th quantiles. However, the consumption of renewable energy and urbanisation in the 25th, 50th, 
and 75th quantiles decrease these emissions. Moreover, the results from this estimator are statistically significant 
at 1%, and 5%, level. Additionally, the post-estimation tests (e.g., Breusch-Pagan / Cook-Weisberg test for 

heteroskedasticity and Wald test) indicating the presence of heteroscedasticity in the model. The result from the 
post-estimation test is an indicator that the estimations that this investigation use is adequate. 

6. Discussion 

The economic activity requires the use of physical resources that exert pressure on environmental 
conditions that end several types of pollution. Among the pollutants generated by the use of resources, the ones 
that materialise in degrading air quality have an impact on the health of human beings that leads to lowering life 
quality, and in extreme cases to premature death. 

The literature linking economic activity and air pollution have been focused on a nonlinear relationship, 
like EKC, to explain the relationship between GDP and air pollution. This bulk of literature was based on a 
particular conception of how the economic growth evolves and how the level of economic activity relates itself 
with pollutions in two ways. The first relates the absolute values of economic activity and the level of pollution. 
The second, relates the same former variables, in per capita values. The two approaches produce what can seem 
to be contradictory results. Indeed, we can see pollution growing but pollution per capita decreasing. 

The classical EKC approach is rooted in a perspective in which the early stages of economic development 
lead to higher levels of pollution that are followed by concerns about environmental preservation as societies 
become rich (and able to back the costs of mitigating environmental deterioration) that materialises in pollution 
declines. In our analysis, we were more interested in capturing another effect, the one that results from technical 
progress. To do that, we use quantile regression for panel data, in a group of countries that share similar 
characteristics, the LAC countries. 

Our results are more consistent with the results achieved to LAC region that support the presence of an 
EKC hypothesis (Hanif, 2017; Sapkota and Bastola, 2017), than with the ones that report a monotonically positive 
association between economic growth and CO2 emissions (Pablo-Romero and Jesus, 2016; Jardón et al., 2016; 
Van-Ruijven et al., 2016). The negative sign coefficient for LNGPD_PC on OAPDR (see Table 9), can be 
explained by the presence of better health systems in richer countries, which contributes to mitigating the mortality 
rate. 

The economic growth can contribute to reducing the death rates because it allows the financing of better 
health systems. Indeed, this effect of economic growth on the improvement in the health systems can lower the 
mortality rate from air pollution. The LAC region had experienced several transformations in the later decades that 
can mitigate the air pollution death rates. 

The LAC region improved its health system throughout the period from 1989 to 2014. This improvement 
was especially intense during the "commodities boom" that had materialised from 2004 to 2014. The economic 
growth throughout that period had provided enough budgetary flexibility and fiscal space to change the structure 
of their approach to public health. Indeed, that had enabled the realisation of supply-side policies that strengthened 
the health systems, allowing the implementation of the universal health coverage, and expanded access of health 
system to the most vulnerable populations (Koengkan and Fuinhas, 2020a; Atun et al., 2015). The period from 
1989 to 1992 have also seen macroeconomic and social reforms that further improved health systems in several 
countries (e.g., Argentina, Brazil, Chile, Colombia, Mexico, Peru, and Uruguay) in the LAC region (Koengkan 
and Fuinhas, 2020b). These macroeconomic reforms permitted the implementation of conditional cash transfer 
schemes that expanded the access to health, education, and diminish the poverty and malnutrition (Koengkan and 
Fuinhas, 2020a; Atun et al., 2015). 

Regarding the negative effect of CO2 emissions on OAPDR (see Table 9), it can be simply related to 
renewable energies, i.e. the effect we want to identify. If renewables decrease the OAPDR that is caused by CO2 
emissions (a proxy of air pollution), then it is expected that there will be a decrease in CO2 emissions (see Table 

10). One possibility is because the effect of CO2 emissions is negative on OAPDR, and renewables sources on 
CO2 emissions (see Figure 11). A feasible explanation for the negative sign of the CO2 coefficient is the possibility 
that more severe sources of pollution for public health are being replaced by others that emit CO2. This pollutant 
is less aggressive to health than other toxic gases. Nevertheless, this hypothesis requires further investigation. 
 



 

The positive coefficient of LNGPD_PC on CO2 (see Table 10) is compatible with several studies on the 
"Environmental Kuznets curve" for Latin American countries. The increasing population living in large cities in 
the LAC region has imposed a toll on the deaths from air pollution. Romieu et al. (1990) support that it is due to 
the rapid process of urbanisation during the 20th century. 

LAC countries are among the most urbanised in the developing countries. The total urban population has 
evolved from 68 million dwellers in 1950 to 466 million by 2000, i.e. an increase of more than 400% in five 
decades. The LAC's region has four large urban areas with more than 2 million dwellers such as Sao Paulo and 
Rio de Janeiro (Brazil), Mexico City (Mexico), and Bueno Aires (Argentina).  

Moreover, the fast urbanisation's growth in the LAC's countries can relate to several economic reforms 
that stimulated the economic development in the last three decades. The introduction of new technologies in 
agriculture and the industrialisation's growth has led, in most Latin American countries, to economic restructuring, 
as the economies change from rural-based economies to industrial ones (Koengkan et al., 2019c). Therefore, one 
can expect that urbanisation generates air pollution that causes related deaths. Indeed, the restructuring in LAC 
countries led to a relationship between economic growth, urbanisation, and consumption of fossil fuels. 
Consequently, there was an increase in CO2 emissions and other toxic gases (Koengkan et al., 2019c). 

On the renewable energy, our results for LAC countries, point to economic growth affect CO2 emissions 
in a way that can lead to an anticipation of the turning point of the EKC as suggested by Alvarez-Herranz et al. 
(2017). Indeed, the results are in line with most research involving this hypothesis in LAC countries (Koengkan et 
al., 2020; Yao et al., 2019; Koengkan et al., 2019b; Koengkan, 2018; Ito, 2017; Fuinhas et al., 2017; Özbuğday 
and Erbas, 2015; Robalino-López et al., 2015; Shafiei and Salim, 2014). 

On the impact of air pollution on mortality, our results are in line with ones for LAC countries that report 
an increase in mortality (Nabizadeh et al., 2019; Pope et al., 2019; Liu et al., 2019; Gouveia and Junger, 2018; 
Vodonos et al., 2018; Costa et al., 2017a; Costa et al., 2017b; Bravo et al., 2016; Romieu et al., 2012; O'Neill et 
al. 2008; Gouveia and Fletcher, 2000). 

The negative coefficient for LNURBA on CO2 (see Table 10) can also be explained by the fact that rural 
populations resort more to burning wood and other biofuels for heating and cooking. 

A second noteworthy result is related to the negative sign for the effect of urbanisation on CO2 emissions 
(see Table 10). Could this negative effect be related to changes in the energy matrix and the transport network of 
engineering (e.g. construction) that emit fewer pollutants? Or simply is the resulting of stagnation of large urban 
centres? Nevertheless, if there is this negative effect on CO2 emissions, should not it also be negative on the rate 
of deaths from outdoor pollution? Can this negative signal be related to the variable OAPDR is based only on large 
urban centres of LAC countries? 

7. Conclusions and policy implications 

The impact of renewable energy consumption on reducing the outdoor air pollution death rate was 
researched for nineteen Latin America & the Caribbean region, from 1990 to 2016. There are theoretical 
fundamentals that strongly suggest a non-linear relationship between energy consumption (renewable and fossil), 
economic growth and urbanisation with the outdoor air pollution death rates. The econometric technique of 
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Quantile Regression for Panel Data (Quantile via Moments) was used to cope with this expected (and confirmed) 
non-linear relationship. 

The main research question of this investigation (Does renewable energy consumption decrease the air 
pollution diseases death in Latin America & the Caribbean countries?) has an affirmative answer. 
The secondary research question (What is the impact of renewable energy consumption on CO2 emissions?) that 
broadly results from the deepening of the main question indicates that the consumption of renewable energy 
decreases de CO2 emissions. Indeed, renewable energy can mitigate or even reduces the diseases and deaths 
provoked by air pollution in Latin America & the Caribbean region. This capacity can be related to its capacity to 
reduce the consumption of fossil fuels, and, consequently, the CO2 emissions that contribute to many 
environmental problems harming human health. That includes poor air quality and climate change. 

The results support that economic growth contributes to the decrease in outdoor air pollution death rates, 
but this effect is more intense if the deaths have not yet reached very high levels. In other words, when there is 
already a high prevalence of outdoor air pollution death rates, economic growth is less effective in reducing deaths. 

Consumption of renewable energy plays a crucial role in reducing outdoor air pollution death rates. This 
effect is most substantial when the outdoor air pollution death rates are high. The consumption of fossil fuels and 
urbanisation aggravate outdoor air pollution death rates. The effect here is divergent, fossil fuels diminish its effect, 
but urbanisation intensifies the same. 

In short, our results show that economic growth and fossil fuel consumption are positively related to CO2 
emissions, while renewable energy consumption bears a negative relationship with it. Furthermore, fossil fuel 
consumption has a positive impact on the mortality rate and economic growth a negative one. Curiously, the 
negative effect of renewable energy consumption on the mortality rate is only observable on the right tail of its 
distribution. 

Public policymakers must focus on intensifying the energy transition from fossil fuels to renewable 
energies. The estimations revealed two vias that can be pursued to reduce the mortality that is caused by outdoor 
air pollution. Firstly, a direct decrease in deaths resulting from the increasing consumption of renewable energies. 
Second, an indirect decrease in deaths resulting from the finding that the increase in the consumption of renewable 
energies more often than not implies a decrease in the consumption of energy from fossil energy sources. The 
research also concludes that the phenomenon of increasing urbanisation is a point where the action of public 
policymakers is decisive for the reduction of outdoor air pollution death rates. In this case, the question is not to 
reduce the level of urbanisation, but to act on the urbanisation's "quality". In other words, intervene to make cities 
healthier for human beings. 

Finally, the investigation raises an issue that requires further investigation. Why are CO2 emissions 
contributing to a decrease in outdoor air pollution death rates? This result cannot be read so directly. CO2 emissions 
cannot be beneficial for human health! Indeed, the question requires an indirect approach. What source of 
pollution, which has a strong effect on outdoor air pollution death rates, is being replaced by one that generates 
CO2 emissions? In this case, the replacement of pollution sources can result in an "apparent" beneficial effect of 
CO2 emissions on the outdoor air pollution death rates. 
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