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countries. In addition, adverse effects on the population's health have also been observed
in nations where air pollution is below the levels determined by legislation. Therefore, it
can be seen through this scenario that even at lower levels, air pollution can cause severe
respiratory and cardiovascular diseases (Dapper et al., 2016).

In this sense, the replacement of conventional sources of energy generation by
renewable sources, in which the latter is usually driven by the use of economic
instruments, such as tax incentive policies, is seen as a viable and efficient alternative for
reducing the levels of atmospheric pollution, and consequently a reduction in mortality
rates in several countries.

There are no investigations that approach the impact of renewable energy policies
on mortality caused by air pollution in the literature. Most of the studies related to this
theme approach the impact of renewable energy consumption on the mortality rate caused
by air pollution. In the literature, several investigations have been carried out in the last
decades to analyse the impact of renewable energy sources on the mortality rate caused
by air pollution, such as Koengkan et al. (2021a), Kim et al. (2011), Nordhaus (2007),
and Blackman and Harrington (2000). Indeed, most of these authors mentioned above,
such as Koengkan et al. (2021a) and Kim et al. (2011), indicated that the capacity of
renewable energy sources to reduce the mortality rate caused by air pollution is related to
the capacity and existence of effective renewable energy policies that encourage the
development and consumption of this kind of source. However, the evidence that the
renewable energy policies can help the mitigation of mortality rate caused by air pollution
via renewable energy consumption was not proved and investigated by the authors.
Therefore, exist a gap in the literature that needs to be filled regarding the possible effects
of renewable energy policies on deaths from outdoor and indoor air pollution.

Due to the existence of a gap in the literature regarding the impact of renewable
energy policies (e.g., economic instruments-fiscal/financial incentives policies, such as
feed-in tariffs/premiums, grants and subsidies, loans, tax relief, taxes, and user charges)
on deaths from outdoor and indoor air pollution, this investigation elaborated the
following central question — Can the renewable energy policies reduce the deaths from
outdoor and indoor air pollution in the Latin American and Caribbean (LAC)
countries? To answer this central question, this research will conduct an empirical
analysis using macroeconomic panel data with fifteen LAC countries between 1990-
2017. The panel quantile model approach developed by Machado and Silva (2019) will
be used to realise this empirical analysis.

The realisation of this analysis will provide advances in the literature to strengthen
the global debate favouring public policies that significantly influence the death rate.
Also, LAC countries were selected for this study, as it is a region: (1) rich in natural
resources with sustainable energy potentials; (2) it has a structurally fragile health system,
making it difficult to treat diseases caused by air pollution; (3) with high potential for
economic growth, and therefore will need new energy sources in the future; (4) which has
the potential to meet all future energy demands, through the installation of non-
conventional renewable generation sources (Alatorre et al., 2013).

Moreover, this investigation is innovative and will contribute to the literature for
several reasons, first, by introducing a new analysis related to the effect of renewable
energy policies on deaths from outdoor and indoor air pollution in the LAC region.
Second, this investigation will introduce new econometric models in this topic of
investigation (e.g., panel quantile model). Moreover, this can also be considered the
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innovation of this study, where a new econometric approach is being used in a new case
of study. Finally, this investigation will support policymakers in developing consistent
initiatives that promote the development of renewable energy policies in the LAC region
to reduce the consumption of fossil fuels and environmental degradation.

This study is organised as follows. Section 2 presents the literature review
regarding the effect of renewable energy policies (e.g., economic instruments-
fiscal/financial incentives policies, such as feed-in tariffs/premiums, grants and subsidies,
loans, tax relief, taxes, and user charges) to enable renewable energy deployment and use.
Section 3 provides the Method and data approach. Section 4 presents the results and a
brief discussion. Section S presents the conclusions and policy implications.

2. Literature review

Rising Greenhouse Gas emissions have led to an increase in deaths from air
pollution, and governments are trying to use different economic instruments to increase
renewable energy use and reduce pollution. Among these, carbon taxes, tax incentives,
subsidies, loans and tariffs have more benefits than other policies (Kim et al., 2011).

Blackman and Harrington (2000), in a study examining the effectiveness of
economic incentives on reducing industrial air pollution in developing countries, stated
that both design shortcomings and limitations in monitoring and implementation hinder
the effectiveness of financial instruments in developing countries. Harring (2014) found
in a study for the European Union that people in Nordic and Benelux countries consider
the effectiveness of economic instruments to protect the environment from being
effective, while people in southern and eastern Europe are less aware of this effectiveness.
According to Stelling (2014), economic instruments are effective for the Swedish freight
transport sector in the short term and until new techniques are implemented. At the same
time, the study of the effectiveness of economic instruments for the development of
photovoltaics (PV) and wind energy in the European Union (EU) by Li et al. (2017)
showed that feed-in tariffs are more efficient than renewable portfolio standards (RPS)
for photovoltaic (PV) development and wind energy development.

Other studies have examined the effectiveness of carbon taxation on
environmental quality (e.g., Kim et al., 2011; Nordhaus, 2007; and Pearce, 1991). Lin and
Li (2011), in a study for five northern European countries, stated that the carbon tax in
Finland has a significant impact on CO2 reduction. Meanwhile, the carbon tax effects in
Denmark, Sweden, and the Netherlands are not substantial. Nevertheless, in Norway, the
rapid growth of energy products has significantly increased CO> emissions in the oil
drilling and natural gas sectors. Guo et al. (2014) in a study for China using the CGE
model. The authors found that the average carbon tax significantly reduces carbon
emissions and energy consumption of fossil fuels but slightly slows down economic
growth. However, high carbon taxes have a significant negative impact on the economy
and social welfare. In addition, they found that carbon taxes improved the use of clean
energy.

Vera and Sauma (2015), in a study for the electricity sector of Chile during the
period 2014-2024, stated that the carbon tax policy of 5 $ (per ton of carbon) reduces CO»
emissions by (1%) per year. In a study for Greece during the period 1998-1998, Floros
and Vlachou (2005) stated that 50$ (per ton of carbon) carbon tax leads to a significant
reduction in direct and indirect CO; emissions, but at a high cost to the economy imposes,
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while Bruvoll and Larsen (2004) in their study for Norway using general equilibrium
simulations during the period 1990-1999 stated that the carbon tax only helps to reduce
greenhouse gas emissions by (2%). Results of carbon tax incentive policies to reduce
carbon emissions in air transport by Qiu et al. (2020) in China showed that incentive
policies could encourage airlines to improve fuel consumption and emissions
performance under appropriate conditions.

In their study, Liu et al. (2014), in addition to a carbon tax as an economic
instrument. The authors used command-and-control (CAC) to reduce air pollution in
China's iron and steel sector. The simulation results show that the carbon tax can control
CAC has excellent effects in controlling different pollutants separately. Many other
studies examined the effectiveness of the fuel tax and subsidies. Zimmer and Koch
(2017), in a study for Europe, found that reforming fuel taxes could prevent significant
amounts of air pollutants, while Davis and Kilian (2009), in a study for the United States,
states that a (10%) increase in gasoline taxes reduces the CO; emissions in the United
States by (1.5%). Xie et al. (2021) used China's clean energy vehicle subsidy policy,
finding that these policies generally significantly improve urban air quality and, in the
long run, lead to effective technological advances. Wang (2020), in another study for
China, stated that market-based policies and top-down policies reduce pollution.

Other studies used several economic instruments simultaneously to compare their
effectiveness. Mao et al. (2012), using the CIMS model system, examined the
effectiveness of economic instruments (carbon tax, energy tax, fuel tax, subsidised clean
energy vehicles). They said energy and fuel tax policies had the most significant impact
on reducing environmental pollution, while subsidies had a negligible impact. Jorgenson
and Wilcoxen (1993) evaluated the effect of three types of taxes (e.g., fossil fuels, VAT,
and carbon taxes) on reducing carbon dioxide emissions in the United States. They found
that carbon taxes could significantly impact coal mining and achieve a certain reduction
in CO2 with minimal impact on the economy. The energy tax is almost the same as the
carbon tax but has a slightly smaller impact on coal mining and a slightly higher overall
cost.

In contrast, VAT has a much smaller effect on reducing coal mining but
significantly impacts the economy. Cao et al. (2008), in a study for the Chinese electricity
sector, simulated three environmental tax policies (production tax, fuel tax, and carbon
tax) using a top-down recursive dynamic CGE model (computable general equilibrium).
The results suggest that the preferred policy for China is fuel tax or carbon tax at the
national level. Shmelev and Speck (2018) stated that the carbon tax does not significantly
reduce CO; emissions in Sweden, while the energy tax for coal and liquefied petroleum
gas has been statistically significant. Furthermore, renewable energy (excluding
hydraulic) has not been statistically significant in reducing CO> emissions.

Indeed, several other studies have examined the role of financial instruments in
the environment. Katircioglu and Katircioglu (2018), in a study to investigate the role of
fiscal policies on environmental degradation in Turkey between 1960-2013, found that
fiscal policies reduce carbon dioxide emissions. Kosonen and Nicodéme (2009) stated
that taxes and other types of financial instruments in EU countries could complement
each other effectively to achieve an environmental goal. Postula and Radecka-Moroz
(2020), in examining the effectiveness of EU member states tax policies, stated that in
addition to the type of financial instruments, they must also consider the impact of the
time dimension; otherwise, the effectiveness of these policies on the environment will be
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very limited. Lopez and Palacios (2014), in their study of the role of fiscal policies and
energy taxes on environmental quality in the 12 richest European countries during the
period 1995-2008, concluded that fiscal policies significantly reduced the concentration
of sulfur dioxide and ozone While the energy tax reduces the concentration of nitrogen
dioxide but has no effect on ozone and sulfur dioxide. Ike et al. (2020) stated that a (1%)
increase in fiscal policy caused a (6.5%) decrease in CO> emissions from natural gas,
(0.2%) from oil derivatives, and a (0.2%) increase from solid fuels (coal). Droste et al.
(2018) confirmed the impact of financial incentives on environmental protection in
Europe.

In contrast, some studies have shown that fiscal policy instruments either have
little impact on the environment or cause environmental degradation in the long run. Ring
(2002), in a study for Germany, found that these incentives are only effective in the short
term. The results of Halkos and Paizanos (2016) for the United States using the var model
during the period 1973-2013 showed that the implementation of expansionary finance
costs has a slight effect on the emission source. Cao et al. (2021) used a spatial panel
model. The authors stated that although the implementation of ecological fiscal policies
stimulates local governments' efforts to improve the quality of the environment, these
policies do not improve the environment, while Yuelan et al. (2019) in a study for China
during the period 1980 to 2016, they found that fiscal policy instruments significantly
increase environmental degradation in the long run.

As seen in previous studies, different economic instruments have been used to
evaluate their impact on the environment in different regions and countries. Nevertheless,
no study has been done on the LAC region. Furthermore, this study considers a set of
instruments (e.g., fiscal incentive policies, tariffs, taxes, loans, subsidies, feed-in tariffs,
premiums, and grants) an indicator for economic instruments. Another distinguishing
feature of this study is investigating the effects of economic instruments on air pollution
death rates, which previous studies have not addressed. The following section will present
the method and data used to realise this empirical investigation.

3. Method and data

This section will show the method approach and data/variables used in this
empirical investigation.

3.1 Method

As mentioned before, this subsection will show the method approach that this
empirical investigation will use and the preliminary and post-estimation tests.

3.1.1. Panel quantile model

The panel quantile model approach that developed by Machado and Silva (2019).
Then, this method has several advantages that were highlighted by Koengkan et al.
(2021a); for example, (i) allows for the estimation of conditional quantiles using panel
data in the presence of individual effects; (ii) allows to provide information on how the
regressor affects the entire conditional distribution; (iii) allows to estimate in the presence
of cross-section dependence and with endogenous variables; and (iv) this method is based
on the moment conditions that find the conditional means under exogeneity. Besides, it
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can find the same structural quantile function for these advantages that this empirical
investigation opted to use this method.

Therefore, after a brief explanation of the main method approach that will use, it is
necessary to show the equation of the panel quantile model, see Equation (1) below.

Aie = A + e+ (w; + Ziy) i @

Where A, e;, from a panel of N individuals i = 1, ..., N over T time-periods with
Plw; +Zj,y >0} =1.

3.1.2. Pooled ordinary least squares (OLS) model with fixed effects

The Pooled OLS model with fixed effects can estimate the slope and intercepts
for a set of observations as mentioned by Fuinhas et al. (2021). Furthermore, according
to the same author, this model can estimate the mean response for the fixed predictors
(see Equation 2, below).

Yie = Bo + B1Xit + B2air + Pse€ir... + i )

where [ is the intercept, and f is the value of fixed covariates being fitted to predict the
dependent variable y;, and ¢; is the error term, and each variable enters regression for
country i at year ?.

Indeed, before realising model estimations (e.g., Panel quantile model and Pooled
OLS model with fixed effects), it is necessary to carry out the preliminary tests. Therefore,
the following subsection will evidence the initial tests used in this empirical analysis.

3.1.3. Preliminary and post estimation tests

Indeed, before realising the panel quantile model regression and pooled OLS
model with fixed effects, it is necessary to carry out the preliminary tests. The same occurs
after the model regressions, where it is necessary to compute the post-estimation tests.
Table 1 below evidence the preliminary and post-estimation tests used in this empirical
investigation.

Table 1. Preliminary and Post-estimation tests for the panel quantile model and pooled
OLS model with fixed effects

Preliminary tests
Tests Objective

To find the presence of serial
correlation in the fixed-effects panel

Bias-corrected LM-based test (Born and

Breitung, 2015)
model.
Variance inflation factor (VIF) (Belsley To find the presence of
et al., 1980) multicollinearity between the variables.
Cross-section dependence (CSD) To find the presence of cross-sectional
(Pesaran, 2004) dependence (CSD) in the panel data.
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To find the correlation between the

lation test .
Correlation tes variables of the model.

Panel unit root test (CIPS) (Pesaran,

2007) To find the presence of unit roots.

To find the presence of heterogeneity,
Hausman test i.e., whether the panel has random
effects (RE) or fixed effects (FE).

Post-estimation tests
Wald test (Agresti, 1990) To. find the global significance of the
estimated models.

Notes: This table was created by the authors.

All model estimations and testing procedures will be accomplished using Stata
17.0, and all Stata' commands used in this empirical analysis will be provided in the notes
of tables to allow their reapplication. Moreover, Figure 1 below evidence the conceptual
framework this empirical investigation will follow.

Panel quantile and l-----""""
Pooled OLS models

v

Empirical
Results

Figure 1. Conceptual framework. This figure was created by the authors. Notes: (RE)
denotes the random-effects model, and (FE) denotes the fixed-effects model.

The Stata commands such as sum, xtgptest, vif, xtcd, pwcorr, multipurt, hausman
(with the options sigmamore), xtqreg, xtreg, and testparm were used in this empirical
investigation. The following subsection will show the data/variables used in this
investigation.

3.2 Data

This subsection will present the data/variables utilised in this study. In this
context, fifteen countries from the LAC region were selected to realise this empirical
analysis. For example, Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Dominican Republic, Ecuador, Guatemala, Mexico, Panama, Paraguay, Peru,
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Uruguay, and Venezuela. Furthermore, this study opted to use data from 1990 to 2017
due to data availability. Therefore, the variables used and their summary statistic are
shown in Table 2 below.

Table 2. Variables' description and summary statistics

Variables' description

Variable Definition Source
Death rates from air pollution measure the number of deaths .
. . . Our World in
DRAP per 100,000 population from outdoor and indoor air D
. ata (2021)
pollution.
Carbon dioxide emissions in kilotons (Kt) per capita from
co the burning of fossil fuels and cement manufacture. This World Bank
2 variable also includes carbon dioxide produced during the Open Data (2021)
consumption of solid, liquid and gas fuels and gas flaring.
Electricity consumption from new renewable energy sources
. . . World Bank
REC (e.g., biomass, solar, photovoltaic, wind, wave, and waster) 0 Data (2021)
in (kWh) per capita. pen
Economic instruments-fiscal/financial incentives policies
for developing and using renewable energy sources. The
economic instruments include feed-in tariffs/premiums, .
1 . International
EIP grants and_ subs_ldles, 10ans,_ tax relief, taxes, and user Energy Agency
charges. This variable was built in accumulated form, where (2021)
each policy that was created is represented by (1)
accumulated over other policies throughout its useful life or
end (e.g., 1, 1,2, 2,2, 3,3).
FOC Electricity consumption from non-renewable energy sources World Bank
(e.g., Oil, gas, and coal) in (kWh) per capita. Open Data (2021)
GDP Gross Domestic Production in constant local currency units World Bank
(LCU) and expressed per capita. Open Data (2021)
Urban population rate refers to people living in urban areas World Bank
URB as defined by national statistical offices, and this variable is 0
. pen Data (2021)
a proxy of urbanisation.
KOFSoGI Social G.lobalisation index de fafctol measures interpersonal, Glolﬁ gsFation
information, and cultural globalisation.
Index (2021)
Economic Globalisation index in the de facto measures trade
and financial globalisation. Trade globalisation is KOF
KOFEcGI determined based on trade in goods and services, and Globalisation
financial globalisation includes foreign investment in Index (2021)
various categories.
Summary statistics
Variables Obs. Mean Std. Dev Min Max
DRAP 448 0.6264 0.6290 -0.7084 2.0414
CO; 448 10.3819 0.7230 9.0951 12.0487
REC 448 0.8165 0.7767 0.0000 2.7080
EIP 448 11.2117 0.8426 8.6280 12.6843
FOC 448 11.2087 3.0597 7.2408 17.1658
GDP 448 4.2469 0.2019 3.7374 4.5642
URB 448 0.6264 0.6290 -0.7084 2.0414
KOFSoGI 448 3.9936 0.2259 33184 44012
KOFEcGI 448 3.8869 0.2378 3.2576 44117

Notes: The Stata command sum was used; All variables in this model were transformed 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.
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All variables that were used align with the existing literature. It is worth
remembering that the variables (e.g., CO2, REC, FOC, GDP, URB, KOFSoGlI, and
KOFEcGI) are already used by the literature to explain the increase or decrease of air
pollution death rate. Nevertheless, the literature explores only the variable EIP, making
this study innovative compared to others approaching a similar topic. Moreover, the
Economic instruments-fiscal/financial incentives policies for developing and using
renewable energy sources are considered renewable energy policies as mentioned by
International Energy Agency (2021) and Fuinhas et al. (2017). In Table 2, all variables
are in natural logarithms, and in this analysis, we decided to use the variables in per capita
values (e.g., CO2, REC, FOC, and GDP). Indeed, the use of per capita values allows us
to mitigate the disparities between the variables caused by population growth over time
in the crosses, as cited by Koengkan et al. (2021a) and Kazemzadeh et al. (2021).

In this subsection, we approached the group of countries and the variables used in
our study. In the next section, we demonstrate the empirical results and discussions.

4. Empirical results and discussions

This section will present the preliminary and post-estimation tests results, the
primary model and the robustness check, and possible explanations for the impacts. In
this context, the results from the preliminary tests indicate the presence of serial
correlation up to the second-order, where the null hypothesis of Bias-corrected LM-based
test can be rejected (see Table 1A in the Appendix); The presence of low-
multicollinearity and cross-sectional dependence of variables of the model (see Table 2A
in the Appendix), and most of the variables present the existence of low correlation under
(60%), except for between the variables FOC to CO2, URB to CO2, URB to FOC, and
KOFSoGI to FOC (see Table 3A in the Appendix). Moreover, the variables COz, EIP,
and FOC are stationary, and DRAP, GDP, and KOFEcGI are non-stationary. In
contrast, the variables REC, URB, and KOFSoGI are stationary when the variables are
without trend and non-stationary with the trend. That is, these variables are on the
borderline between the I (0) and I (1) orders of integration (see Table 4A in the
Appendix). Additionally, the preliminary tests indicate the presence of fixed effects was
found, where the null hypothesis of the Hausman test can be rejected (see Table SA in
the Appendix).

After realising preliminary tests, it is needed to carry out the panel quantile model
regression, and OLS fixed effect. The 0.10, 0.25, 0.5, 0.75, and 0.90 quantiles were
respectively calculated. These quantiles were used to simplify the exhibition of empirical
results. Table 3 below shows the panel quantile model regression results and Pooled OLS
fixed effects.
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Table 3. Panel quantile model and post-estimation test and Pooled OLS fixed effects

Dependent variable (DRAP)

| 1
| I oLs
Variables | Quantiles regression at !
: I Fixed
| 0.10Q 0.25Q 0.50Q 0.75Q 0.90Q | Effects
CO: i-0.1877 01705 T -0.1501 Y -0.1289 " -0.1150 i-o.1497
REC 1-0.1038 *  -0.1231 *** -0.1467 **  -0.1703 ™ -0.1860 ™ | -0.1468 ™
EIP  1-0.0329 0.0297 ' -0.0259 ** -0.0220 *  -0.0194 | 00259 *
FOC | 04346 ™ 03930 ™ 03434 ™ 02919 ** 02582 | 03424 ™
GDP | -03730 ™ 03105 " -02358 ™  -0.1582 * -0.1074 I 02341
URB | 06314 ™ 06540 ™ 0.6810 ™ 0.7090 **  0.7274 1 0.6816
KOFSoGI | -03109 ™ -02847 " 02534 " -02208 " -0.1996 ' }-02527 **
KOFEcGI | 0.1802 ™  0.1456 ™ 0.1043 ™ 0.0615 *  0.0334 I 01035 ™
Obs } 448 448 448 448 448 : 448
Post-estimation test for the panel quantile model
F/Wald | . : .
tost ! Chi2(8) = 104.29 Chi2(8) = 174.64 Chi2(8) = 105.50

Notes: *** *** denotes statistically significant at (1%), (5%), and (10%) levels; The Stata
commands xtqreg, xtreg, and testparm were used.

The results from the panel quantile model regression show that in the 0.10, 0.25,
0.5, 0.75, and 0.90 quantiles, the variables Carbon dioxide emissions (COz), Electricity
consumption from new renewable energy sources (REC), Economic instruments-
fiscal/financial incentives policies to enable renewable energy deployment and use (EIP),
Economic growth (GDP), and Social Globalisation (KOFSoGI) reduces the air pollution
deaths (DRAP). In contrast, the variables Electricity consumption from non-renewable
energy sources (FOC), Urbanisation (URB), and Economic Globalisation (KOFEcGI)
encourages the increase of these deaths in the LAC region. To check the robustness of the
model, the Pooled OLS fixed effects model has been used. The Pooled OLS fixed effects
results show that CO2, REC, EIP, GDP, and KOFSoGI causes a decrease in DRAP,
while FOC, URB, and KOFEcGI has positive effects on an increase in DRAP.
Comparing the Pooled OLS fixed effects results with Quantile 50th, it can be said that the
model results are well confirmed. Moreover, the results from the post-estimation test for
the panel quantile model indicates that the model estimator that this study choose is
adequate to perform this analysis.

After realising the main model regression, the next step is verifying the robustness
of the results. To this end, we added variables, dummies, in the panel quantile model
regression (see Table 4, below).
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Table 4. Panel quantile model (with dummy variables) and post-estimation test and Pooled OLS fixed effects

| Dependent variable (DRAP)

|
Pooled OLS

Variables | Quantiles regression at i
I 0.10Q 0.25Q 0.50Q 0.75Q 0.90Q | Fixed Effects

1 1
IDPA‘;‘S‘S)UAY—H 02530 "7 02105 . 01578 T 01047 T 00684 1 01575
IDPA‘;‘S‘SUAY—E 02092 ™ 01688 **  0.1187 " 00681 ™  0.0336 i 0.1184 *
CO: I-0.1802 * 01655 " 01474 " 01290 " -0.1165 I -0.1473 ™
REC | -0.1074 **  -0.1255 ***  -0.1480 ***  -0.1708 **  -0.1863 "] -0.1482 ***
EIP 100333 * 00301 " 00261 ™ 00222 ° -0.0195 | 00262 ™
FOC | 0430 Y 03899 Y. 03403 " 02902 " 02561 **} 03400
GDP 1-03611 ™" -03022 ™" -02202 " 01555 " -0.1052 I 02088 ™
URB | 0.6218 ™ 06468 ** 06779 * 07093 07308 *} 0.6782
KOFSoGI  1-03192 *  .02922 ™ .02587 "  -02249 ** 02019 ! .02585 ™
KOFEcGI | 0.1829 ™  0.1493 ™  0.1077 ™  0.0658 0.0371 | 0.1075

Obs I 448 448 448 448 448 ! 448
Post-estimation test for the panel quantile model

F/Waldtest | Chi2(8)=107.90 | | Chi2(®)=17856 | ™ | Chi2(8)=10730 |

Notes: *** ** * denotes statistically significant at (1%), (5%), and (10%) levels; The Stata commands xtgreg, xtreg and
testparm were used.

To verify the robustness of the panel quantile model regression that was carried
out before, this investigation opted to add in the model regression dummy variables.
These dummies variables represent possible shocks (e.g., economic, pollical, and social)
that some LAC countries passed. However, if not considered it, could have produced
inaccurate results, which could lead to misinterpretations. Therefore, dummy variables
added to the model regression are IDPARAGUAY_2010 (Paraguay, the year 2010) and
IDPARAGUAY 2011 (Paraguay, the year 2011). These two dummies represent a peak
in Paraguay's GDP, wherein in 2010, the country registered a growth of (13%), while in
2011, it was registered an increase of (4.3%) (World Bank Open Data, 2021). Indeed, this
rapid growth in economic activity in Paraguay affected consumer behaviour, industrial
production, the consumption of energy, and consequently the air pollution.

Therefore, the results from the panel quantile model with dummy variables
indicate that in the 0.10, 0.25, 0.5, 0.75, and 0.90 quantiles, the variables Carbon dioxide
emissions (COz), Electricity consumption from new renewable energy sources (REC),
Economic instruments-fiscal/financial incentives policies to enable renewable energy
deployment and use (EIP), Economic growth (GDP), and Social Globalisation
(KOFSoGI) reduces the air pollution deaths (DRAP). In contrast, the variables
Electricity consumption from non-renewable energy sources (FOC) and urbanisation
(URB) encourage an increase in these deaths in the LAC region. Moreover, the Economic
globalisation (KOFEcGI) in 0.10, 0.25, and 0.5 quantiles, also increase this problem.
The Pooled OLS fixed effects results show that CO2, REC, EIP, GDP, and KOFSoGI
causes a decrease in DRAP, while the variables FOC, URB, and KOFEcGI have
positive effects on an increase in DRAP. These results also confirm the results of the 50th
quantile. The dummy variables are statistically significant at (1%) levels, indicating that
the approach used, such as adding dummy variables in the model regression, is correct.
The results from the post-estimation test for the panel quantile model indicates that the
model estimator that this study choose is adequate to perform this analysis. Finally, the
results obtained from the model regression confirm that this investigation's results are
robust and reliable even in the presence of chocks. Indeed, to summarise the effect of
independent variables on dependent ones, ones created in Figure 2, below. This figure
was based on the results of the panel quantile model.
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Dependent variable

KOFSoGI KOFEcGI

Independent variables

""""""""""" Negative impact Positive impact
Figure 2. Summary of the variable's effect. The authors created this figure.

After to found that the Carbon dioxide emissions (CQO2), Electricity consumption
from new renewable energy sources (REC), Economic instruments-fiscal/financial
incentives policies to enable renewable energy deployment and use (EIP), Economic
growth (GDP), and Social Globalisation (KOFSoGI) reduces the air pollution deaths
(DRAP). At the same time, the variables Electricity consumption from non-renewable
energy sources (FOC), Urbanisation (URB), and Economic Globalisation (KOFEcGI)
encourages the increase of these deaths caused by air pollution in the LAC region, and
we raise the following question. What are the explanations for these effects?

As shown in Figure 2, the effect of carbon dioxide emissions on air pollution
deaths rates in the countries under study is negative. The negative signal of CO; emissions
could seem atypical but reflect the substitution of more dangerous gases by less
aggressive ones for human beings in several activities. However, they are CO> emitters
(e.g., Koengkan et al., 2021a). The period under review was a period of solid
technological innovation that reduced the level of pollution associated with the
combustion of fossil fuels. It was also a period in which energy use was deepening. This
result means that an important part of the pollution, such as fine particle emissions,
decreased more intensely than the CO; emission. Fuinhas et al. (2017) that studied the
effect of renewable energy policies on COz emissions in the LAC region, identify that the
renewable energy policies in the region encourage the process of the energy transition by
consumption of renewable energy, reducing the consumption of fossil fuels, and
consequently reduces the emissions of CO,. This reduction in CO> emissions is reflected
in reducing air pollution deaths. Moreover, evidence that the energy transition reduces
the consumption of non-renewable energy in the LAC region was found by Koengkan et
al. (2021b). According to the author, renewable energy consumption that is a proxy of the
energy transition reduces the consumption of fossil fuels. The same authors also add that
reducing non-renewable energy sources by consuming renewable energy sources is
possible due to the presence of effective renewable energy policies that encourage the
development, investment, and consumption of green energy in the region.

This explanation was confirmed using the Pooled OLS fixed effects model
regression. Table 5 below shows the capacity of economic instruments-fiscal/financial
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incentives policies to encourage the development and consumption of renewable energy
sources. Moreover, the results also indicate that the consumption of renewable energy
and economic instruments-fiscal/financial incentives policies decrease the consumption
of fossil fuels and CO; emissions in the LAC region.

Table 5. Pooled OLS fixed effects model regression and post-estimation test

Inde[?endent Dependent variable (REC)
variables

EIP 0.0958**

GDP 0.0898***

URB 1.1756%%*
Constant 4 3257***

Obs 448

Post-estimation test for the Pooled OLS fixed effects model
F / Wald test F 3 444) = 60.97%**
Independent Dependent variable (FOC)
variables

REC -0.0677***

EIP -0.2695%**

GDP -0.0622%**

URB 2.5894%**
KOFSoGI -2.1868***
KOFEcGI 0.2759%**
Constant -7.1211%%*

Trend -0.0075%**

Obs 448

Post-estimation test for the Pooled OLS fixed effects model
F / Wald test F(6,440) = 405.86***
In‘?:lgzgiint Dependent variable (CO2)

REC -0.2733%**

EIP -0.0735%**

GDP -0.0113%**

URB 0.1753*

FOC 0.7019%**
Constant -4.9631***

Obs 448

Post-estimation test for the Pooled OLS fixed effects model
F / Wald test F(s,442) = 647.92°%**

Notes: *** **_ * denotes statistically significant at (1%), (5%), and (10%) levels; The
Stata commands xtreg and testparm were used.

According to Table 3, electricity consumption from new renewable energy
sources on DRAP in all quantiles is negative and significant. In other words, with a (1%)
increase in REC, the air pollution deaths decrease by (0.12%) at 0.25th quantile, and
higher quantiles, the negative effect of REC on air pollution deaths increases. It can be
said that the use of renewable energy sources to generate electricity reduces the emission
of carbon dioxide and other pollutants, which can ultimately reduce air pollution deaths.
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This finding is consistent with Kharecha and Hansen (2013), Hanif (2018), Taghizadeh-
Hesary and Taghizadeh-Hesary (2020), and Koengkan et al. (2021a).

The economic instruments-fiscal/financial incentives policies to enable renewable
energy deployment and use have a negative and significant effect on air pollution deaths
rate in the LAC region except for the 90th quantile. As shown in Table 3, with increasing
quantile, the impact of this factor on air pollution deaths is decreased. In other words, the
impact of EIP in countries that account for (25%) high of air pollution deaths is lower
than those at the lowest levels. In other words, the government's financial incentives
policies to enable renewable energy deployment and use cause industries and companies
in the countries under study to use clean and environmentally friendly technologies, thus
reducing pollutants and, consequently, a decrease in air pollution deaths.

The impact of non-renewable energy sources on air pollution deaths is positive
and significant. Electricity consumption from non-renewable energy sources such as oil
and gas emits pollutants such as CO», SO, and NOy into the air and increases air pollution
deaths. This finding is consistent with Mukhopadhyay and Forssell (2005), Machol and
Rizk (2013), Lelieveld et al. (2019), Marais et al. (2019), and Rasoulinezhad et al. (2020).

According to the results, the impact of GDP on air pollution deaths is negative and
significant except the 90th quantile. It can be argued that increasing GDP and economic
growth may be an essential tool for improving countries' infrastructure that reduces
mortality. Zhang et al. (2001), Janssen et al. (2006), and Hanif (2018) confirm a negative
relationship between GDP and deaths. On the other hand, other studies such as Chaabouni
et al. (2016) and Rasoulinezhad et al. (2020) have shown that the impact of GDP on
mortality is positive. In fact, in these studies, economic growth may lead to pollutants due
to the need to use fossil fuels, endangering human health. Indeed, evidence that the Latin
American and Caribbean countries are decarbonisation is found in Table 5, where it was
found that economic growth reduces emissions. This result is related to the capacity of
economic growth to increase the consumption of renewable energy sources.

According to Table 3, urbanisation has a positive and significant effect on air
pollution deaths in all quantiles. Accordingly, a (1%) increase in urbanisation led to a
(0.65%) increase in air pollution deaths in the 25th quantile. An increase in urbanisation
means an increase in population, leading to carbon dioxide emissions (e.g., Mansoor and
Sultana, 2018; and Dogan and Inglesi-Lotz, 2020). Therefore, CO; emissions increase air
pollution deaths. This finding confirms that found by Rumana et al. (2014), Liu et al.
(2017a), Chen et al. (2017), and Liu et al. (2017b). This explanation is confirmed with
results pointed in Table 5 above, where the urbanisation process increases the
consumption of fossil fuels and CO> emissions.

According to Figure 2, there is an inverse relationship between the Social
Globalisation index and the air pollution deaths, so that with the increase of KOFSoGI,
the air pollution deaths in the studied countries decreases. In other words, through
information and cultural links, social globalisation connects the people of the LAC region
countries. Social globalisation enables countries to access new information. New
knowledge help reduce energy consumption in production processes, improve
environmental quality, and reduce air pollution deaths (e.g., Shahbaz et al., 2018). Indeed,
this explanation is confirmed with results pointed in Table 5 above, where social
globalisation reduces the consumption of fossil fuels.

Finally, according to the research findings, the Economic Globalisation index
increases air pollution deaths in the countries under study. As economic globalisation
connects the economy through trade in goods and services, foreign investment, and
financial activities, the expansion of the global economy leads to more energy
consumption, resulting in more carbon dioxide emissions, and endangers people's health
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(e.g., Shahbaz et al. 2015 and Shahbaz et al., 2018). This outcome is linin e with studies
in the literature such as Kan (2014). This explanation is confirmed with results pointed in
Table 5 above, where economic globalisation increases the consumption of fossil fuels.

As mentioned before, this section showed the results and their possible
explanations for the results found in our empirical investigation. The following section
will present the conclusions and possible policy implications.

5. Conclusions and policy implications

A panel quantile model was used to analyse the impact of renewable energy
policies (e.g., economic instruments-fiscal/financial incentives policies to enable
renewable energy deployment and use) on the death rate provoked by outdoor and indoor
air pollution in fifteen countries from the LAC region from 1990 to 2017. Given the
complexity of the link between renewables and air pollution, the relationship requires a
broad model that must include quite a few control variables. Those variables were
identified based on the literature and the phenomenon's economic and social nature under
analysis. Thus, to explain the deaths from air pollution were used: (i) carbon dioxide
emissions; (ii) electricity consumption from new renewable energy sources; (iii)
economic instruments-fiscal/financial incentives policies to enable renewable energy
deployment and use; (iv) electricity consumption from non-renewable energy sources; (v)
Gross Domestic Production; (vi) urban population rate; (vii) social globalisation index
(de facto); and (viii) economic globalisation index (de facto).

The results confirm the nonlinear relationship between the explanatory variables
and the explained variable. Provided that deaths rates from air pollution in the LAC region
are mainly associated with massive urban centres, much of the analysis applies to that
reality. Indeed, the quantiles evolve in a way compatible with the perceived status quo of
big cities of The LAC region.

The variables that reduce deaths from air pollution are carbon dioxide emissions,
electricity consumption from new renewable energy sources, economic instruments-
fiscal/financial incentives policies to enable renewable energy deployment and use, Gross
Domestic Production, and the social globalisation index (de facto). Except for electricity
consumption from new renewable energy sources, these variables decrease their effect on
deaths rates from air pollution as the quantiles increase.

The variables that aggravate the deaths rates from air pollution are electricity
consumption from non-renewable energy sources, urban population rate, and economic
globalisation index (de facto). Except for the urban population rate, these variables
decrease their effect on deaths rates from air pollution as the quantiles increase.

The specific contribution of this research for literature end policy-making and
makes it innovative is an analysis of the variable economic instruments-fiscal/financial
incentives policies to enable renewable energy deployment and use that is few studied by
the literature. As expectable economic instruments-fiscal/financial incentives policies
(feed-in tariffs/premiums, grants and subsidies, loans, tax relief, taxes, and user charges)
to enable renewable energy deployment and use contributes to decreasing deaths rates
from air pollution. Their effect is more intense for lower quantiles supporting that
intervention is more effective when health problems are not as severe.

A more subtle effect detected in this research is the negative signal of CO>
emission on the deaths rates from air pollution. The explanation for this result that could
seem atypical indeed is the reflex of two leading causes. First, it reflects the substitution
of more dangerous gases to activities less aggressive for humans, but there are CO:
emitters (Koengkan et al., 2021a). Second, it is also consistent with the switch of massive
pollution activities from big cities to other locations less demanding health standards,
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political pressure that has contributed to the tertiarisation of economic activities in big
cities.

Another impressive result is the effect of globalisation on the deaths rates from air
pollution. Here was found an opposite influence depending on whether globalisation is
social or economic. In both cases, the effect is more pronounced in lower quantiles. The
stimulation of interpersonal, informational, and cultural globalisation reduces the deaths
rates from air pollution. In contrast, the trade in goods and services and financial and
foreign investment globalisation go in a way that aggravates deaths rates from air
pollution.

From a policy-making perspective, the combat to mitigate deaths rates from air
pollution should intensify the transition from fossil fuels energy to renewable sources that
can be magnified by recurring to economic instruments-fiscal/financial incentives
policies to enable renewable energy deployment and use. The policymakers should
promote the transfer of huge polluters' economic activities to places less populated, and
it can take advantage of increasing industrial efficiency that demands more minor and
less employment. Policymakers should actively take advantage of social globalisation
benefits and limit the hampers made by economic globalisation. Finally, policymakers
should stimulate economic growth because this allows access to health services and helps
finance the transition to a more unpolluted environment.
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Appendix
Table 1A. Bias-corrected LM-based test
Variables LM (Kk)-stat
DRAP 3.01 k**
CO2 6.40 F**
REC 4773 wx*
EIP 438 k**
FOC 6.02 k**
GDP 5.14 k**
URB 2.88 w**
KOFSoGI 7.79 kE*
KOFEcGI 7.34  kE*

Notes: *** denotes statistical significance at (1%) level; Under HO, LM(k) ~ N(0,1);
The Stata command xtgptest was used.

Table 2A. VIF-and Pesaran CD-tests

Variables VIF 1/VIF Mean VIF CD-test p-value
DRAP N.A 10.99
CO: 8.45 0.1183 32.37 Hk*
REC 231 0.4324 24.16 ***
EIP 1.89 0.5285 4249 wxE
FOC 15.68 0.0637 5.06 50.39 H**
GDP 1.65 0.6070 50.89 H**
URB 4.43 0.2258 4594 wxE
KOFSoGI 440 0.2271 56.71 ***
KOFEcGI 1.67 0.5991 26.10 ***

Notes: *** denotes statistical significance at (1%) level; N.A denotes not available;
The Stata commands vif and xtcd of Stata were used.
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Table 3A. Pairwise correlation test

DRAP  CO: REC EIP FOC GDP URB KOFSoGI  KOFEcGI
DRAP 1.0000
CO2 0.5591  1.0000
REC -0.3214 0.0015 1.0000
EIP -0.0172 0.0737 0.0698  1.0000
FOC 0.3256  0.8769  0.3406  0.0300  1.0000
GDP -0.4207 01583 0.4184 0.0970 0.0122  1.0000
URB 03686  0.7036  0.3884  0.0973  0.8358  0.1391  1.0000
KOFSoGI -0.0530 0.4384 0.3261 0.4457 0.6271  0.2123  0.4576 1.0000
KOFEcGI -0.2670 0.0058  0.2467  0.2467  0.1444  0.1749  0.0231 0.5487 1.0000

Notes: The Stata command pwcorr was used.

Table 4A. Panel Unit Root test (CIPS-test)

Variables

DRAP
CO2
REC
EIP
FOC
GDP
URB

KOFSoGI
KOFEcGI

Panel Unit Root test (CIPS) (Zt-bar)

Without trend With trend
Lags Zt-bar Zt-bar
1 2.107 -0.767
1 -4.009 kx* -2.076 **
1 -2.051 ** 0.136
1 -2.636  Fx* -3.072  Fxx
1 -3.530 k¥ -2.182  Hxk
1 1.653 1.777
1 -2.341 k% 0.456
1 -3.182 k¥ -1.274
1 -1.199 -0.743

Notes: *** ** denotes statistically significant at (1%) and (5%) level; 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.

Table SA. Hausman test

chi2(8) = 31.51 ***

Notes: *** denotes statistically significant at the (1%) level; Hausman results for Ho:
difference in coefficients not systematic; The Stata command hausman (with the
options sigmamore) was used.



Highlights

Highlights

e Effect of renewable energy policies on deaths from air pollution on LAC countries.
e Renewable energy policies reduce deaths from air pollution.

e The CO2 emissions and new renewable energy sources reduce the deaths.

e Fossil fuels consumption, urbanisation, and economic globalisation increase deaths.



