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Abstract: This article assesses a frequently overlooked impact, namely, the artificial illumination emanating from
infrastructures associated with oil extraction installations from 2012 to 2019 located in the Amazon region, one of
the places with the greatest biodiversity in the world. The primary dataset utilized in this study is derived from VIIRS
nighttime satellite imagery. The significance of this research lies not only in examining light pollution but also in
presenting a method for utilizing these images. The analysis focuses on Ecuador, one of the principal oil-producing
nationsin Latin America. The findings suggest a discernible correlation between the evolution of luminosity and the
volume of crude oil production, although the luminosity shows a much higher growth rate than crude oil production.
Additionally, it is observed that the elevated radiance levels in oil-rich areas yield luminous impacts comparable
to those generated by major Ecuadorian cities. Consequently, this study's approach contributes to elucidating
the territorial repercussions of the evolving patterns in oil consumption in a non-artificialized territory with high
biodiversity. The results obtained herein aspire to instigate discourse on the environmental conditions engendered
by extractive activities in their respective habitats. Furthermore, this study seeks to underscore the potential
inherent in the selected data source and methodology.
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Resumen: Este articulo tiene como objetivo evaluar el impacto —al que a menudo se le presta una atencion
limitada— de laluz artificial emitida por las infraestructuras asociadas a las plantas de extraccion de petréleo desde
el ano 2012 al 2019, y que estan localizadas en la regién amazdnica, uno de los lugares con mayor biodiversidad
en el mundo. La principal fuente de informacion utilizada es la serie de imagenes satelitales nocturnas VIIRS. La
contribucion de esta investigacion consiste no solo en el analisis de la contaminacion luminica, sino que también
presenta un método para el uso de estas imagenes. El analisis se ha centrado en uno de los principales paises
productores de petréleo de América Latina: Ecuador. De acuerdo con los resultados, existe una cierta relacion
entre la evolucion de laluzy el volumen de produccion de crudo, aunque la luz crece a un ritmo mucho mayor que el
volumen de produccién. Asimismo, se observa que los altos niveles de resplandor de las areas petroleras provocan
impactos de luminosidad comparables a los generados por algunas de las principales ciudades ecuatorianas. Por
tanto, el planteamiento de este estudio contribuye a mostrar como la evolucion del consumo de petréleo impactaen
territorios no artificializados y con ecosistemas naturales de gran importancia biolégica. Los resultados obtenidos
buscan generar un debate sobre las condiciones que generan las actividades extractivistas en el habitat donde se
ubican, y también expresar el potencial que ofrece la fuente y la metodologia utilizada.

Palabras clave: Ecuador, actividades extractivistas, contaminacion luminica, imagenes satelitales nocturnas,
areas petroleras
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Introduction

The evolution of human societies has significantly hinged upon the energy sources to which they have had
access, ranging from primitive sunlight utilization to the current widespread dependence on fossil fuels.
Notably, the Industrial Revolution marks a pivotal juncture, as fossil fuels, particularly oil and its derivatives,
have played a central role in shaping energy consumption patterns (Diaz, 2016; Fernandez y Gonzalez, 2013).

Since then, oil has emerged as the predominant global energy source, fueled by the escalating consumption
of fossil fuels, leading to the intensive and extensive utilization of hydrocarbons. This heightened energy
availability has resulted in increased societal complexity, prompting modifications in societal structures (Smil,
1994; Tainter, 1988). Consequently, this surge has spurred the development of capitalism while concurrently
inducing profound alterations in the biosphere, manifesting significant environmental impacts (Fernandez
y Gonzalez, 2013). The direct linkage of oil usage to the emission of greenhouse gases, global warming, air
pollution, and climate change further underscores the environmental ramifications (Smith, 2012). Carbon
emissions, originating from oil extraction to the utilization and disposal of derivatives, have notably escalated
since the pre-industrial era, with fossil fuel combustion contributing approximately 78 % to the greenhouse
gas increase from 1970 to 2010 (Intergovernmental Panel on Climate Change [IPCC], 2014).

Moreover, it is imperative to acknowledge that oil consumption entails a finite and non-renewable product
formed over millions of years. Despite its finite nature, a significant portion of these reserves has been
depleted in just over a century (Riba, 2011).

Within this context, using such energy sources is precipitating a collapse in the natural environment,
wherein the exploitation limits of non-renewable resources are inadequately considered in current energy
demands. The depletion of non-renewable energy resources appears imminent, exacerbated by population
growth, heightened resource consumption, and energy wastage, rendering the prevailing development
model unsustainable (Smith, 2012).

To avert a societal collapse, a paradigm shift in the current development model is imperative, necessitating
a consideration of the planet's resource limitations (Riba, 2011; Sans y Pulla, 2013). Consequently, the
imperative for cleaner technologies and the exploration of new energy sources becomes evident.
Nevertheless, as these alternatives are developed, the predominant share of current energy demand is
met by fossil fuel derivatives extracted globally. Substituting oil with an alternative source that matches its
quantity and quality of energy provision remains a formidable challenge for now (Riba, 2011).

The study of hydrocarbon extraction effects has been ongoing for several years, encompassing diverse
environmental, territorial, economic, cultural, and social perspectives. Contemporary studies incorporating
innovative tools and methods further shed light on these effects. Notably, the use of nighttime brightness
satellite images from NASA (Elvidge et al., 2016) for 2012-2018 unveils burning sites on Earth. This approach
facilitates the estimation of gas volume based on nocturnal luminosity, offering insights into the radiance
emitted by these areas. VIIRS images emerge as an effective tool for monitoring and assessing efforts to
curtail environmental and light pollution from burning sites, thus contributing to a more comprehensive
understanding of the environmental impacts of oil activities.
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In this context, various techniques have been developed to measure light pollution. Studies by Falchi
et al. (2011) have evaluated the spectral response of the human eye to artificial light using nighttime
satellite images. This type of analysis is crucial, as research has shown that light pollution is increasing
globally in intensity and extension (Kyba et al., 2017). This growing phenomenon generates significant
environmental and ecological problems (Navara & Nelson, 2007). For instance, the disruption of natural
light cycles negatively impacts ecosystems, exerting increased pressure on the environment (Gaston et
al., 2014). Additionally, light pollution affects the quality of life and health of populations living in or near
these artificially lit environments (Boslett et al., 2021). Consequently, this study delves into the evolution
of nighttime luminosity resulting from hydrocarbon extraction activities in Ecuador from 2012 to 2019. It
endeavors to quantify light pollution and scrutinize its progression in 65 areas designated by the Ministry
of Hydrocarbons in 2017. The article seeks to substantiate the hypothesis by positing a correlation between
crude oil production and nocturnal luminosity.

Following this introduction, the article comprises three sections. The first delineates the methodological
process, providing a general overview of the fundamental information sources. The second section unveils
the principal analysis results, encompassing the calculation of radiant intensity and average radiance
per oil area, alongside the correlation between luminosity and crude oil production volume. This section
also includes a comparative analysis of light pollution in settlement and oil areas, elucidating urban light
intensity disparities. Lastly, the third section presents conclusions drawn from the results obtained.

Oil Extractivism in response to energy demand. The case of Ecuador

The oil demand, spurred by the Industrial Revolution, has resulted in exploiting resources in regions often
distant from primary consumption centers. In Ecuador’s case, most of these exploitation sites are situated
north of the Amazon region.

QOil extraction in Ecuador commenced in the 1920s but gained prominence in 1972 during the Qil Boom. Since
then, oil has become a pivotal component of the Ecuadorian economy (Larrea, 2006). Despite being one of
the world's most biodiverse nations, Ecuador has ascended to become the fifth-largest oil producer in Latin
America (British Petroleum [BP], 2018) and holds the 29th position among oil-producing countries globally
(The World Factbook, 2016).

Over the past century, oil extraction has experienced a gradual increase. This expansion has translated
into a significant surge in production, escalating from approximately 40 million barrels in the early 1970s
to 200 million in the second decade of this century (Figure 1). Consequently, within less than half a century,
oil production has quintupled. According to the Central Bank of Ecuador, mineral products, predominantly
oil, constitute the most substantial export income for the country. In 2012, it constituted 58 % of the total
exports, reducing to 39 % in 2019 due to oil price fluctuations.
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Figure 1
The volume of oil production in thousands of barrels. Ecuador, 1972-2019

Note. Central Bank of Ecuador, Macroeconomic Statistics, 2020.

The continuous growth in oil extraction has raised concerns about the depletion of proven reserves, yet
the extraction rate has essentially remained constant. In 2017, the Reserve-to-Production (R/P) ratio was
calculated at 42.7, representing the number of years the reserves would last if the current production
volume is sustained (BP, 2018).

Early exploration efforts focused on the northern and central zones of the Ecuadorian Amazon, a region
of immense biological diversity and ecological significance. While northern deposits, located in territories
inhabited by non-warrior communities, contained light oil of high quality, central deposits were found in
regions inhabited by more territorial communities, limiting access for prospecting and exploitation. Despite
local opposition, expeditions in the central region determined heavy crude deposits, leading to more
intensive exploitation in the northern region, corresponding to the provinces of Sucumbios and Orellana
(Vogliano, 2009).

Despite the imperative to preserve the environment and embrace sustainable technologies, the oil industry
remains a cornerstone supporting the country’s economic development. Oil-derived economic benefits
underpin significant state development plans (Burchardt et al., 2016), making it challenging to alter the
structural foundation of the national economy.

The initiation of oil activities in the Amazon region triggered various social, cultural, economic, and
ecological impacts (Burchardt et al., 2016). These include environmental deterioration, violation of
indigenous rights, dispossession of ancestral lands, and disruption of social structures (Becerra et al.,
2013). Native communities’ resistance against oil activities has yielded varied outcomes (Fontaine, 2009).
Overall, a national government policy has emerged, aiming to compensate local communities through
diverse projects focused on generating sustainable development and fostering regional progress. However,
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the outcomes have not always met expectations despite implementing various plans and projects. Some
initiatives have incurred significant social costs, fostering greater economic dependence on oil and an
expansion of the oil frontier (Wilson y Bayén, 2017).

Impacts in traditionally non-urban areas

The need to analyze anthropogenic activities that, although not traditionally associated with urban uses,
generate similar effects on the natural environment has been identified. These territories, which are not
primarily designated for human settlements, host activities that exert pressures comparable to those
in urban residential areas. Recently, significant advances have been made in evaluating these types of
impacts in both urbanized areas (Henderson et al., 2003) and natural ecosystems (Rodrigo-Comino et al.,
2023). The research encompasses various approaches, methods, and scales to address this issue.

Effects on human health have been documented (Afroz-Hossain et al., 2019; Benedetto & Contin, 2019),
as well as impacts on natural ecosystems (Adams et al., 2019; Firebaugh & Haynes, 2019) and behavioral
dynamics of species (Ciach & Frohlich, 2019). For example, studies have employed various methodologies,
such as analyzing retinal degeneration caused by light emitted by LED diodes (Benedetto & Contin, 2019)
and using artificial LED light to study animal behavior (Firebaugh & Haynes, 2019). Additionally, satellite
imagery has been used to measure light intensity in various contexts, including military conflicts (Li et
al., 2021), economic development (Li et al., 2013), maritime activities (Elvidge et al., 2015), and regional
disparities (Coscieme et al., 2017; Elvidge et al., 2011).

Among these studies, VIIRS images have proven particularly useful for measuring the volume of natural
gas flaring (Elvidge et al., 2016). Moreover, by measuring radiant emissions in terms of both intensity and
spatial dispersion, comparisons have been made with radiance levels in urban areas (Nel-lo et al., 2017). It is
particularly interesting to compare the impacts of expanding urbanization with those of oil extraction. Both
activities produce significant environmental effects that alter surrounding ecosystems. However, in urban
areas, light pollution is more visible due to the artificial modification of the land, whereas in oil extraction
sites, although there may not be a physical transformation of the land, the natural environmental balance of
surrounding ecosystems is still disrupted.

Methodology: The estimation of the night luminosity in the oil areas

The methodology comprises two discernible stages: one dedicated to the pre-treatment of images and
another focused on the processing necessary for calculating the indicators essential to fulfill the objectives
of the current investigation.

Pretreatment of images

The research considers a series of night satellite images called Version 1 VIIRS Day/Night Band Nighttime
Lights to analyze light pollution. These images have great potential for the analysis of territorial processes.
The images are sourced from the new SNPP satellite, which includes a calibration system. They consist
of the average data radiance of the Day/Night Band (DBN) of the Visible Infrared Imaging Radiometer
Suite (VIIRS) instrument. These images are available from the National Geophysical Data Center (NGDC) of
the National Oceanic and Atmospheric Administration (NOAA) of the United States government. Monthly
compositions from April 2012 to the present are accessible through the Earth Observation Group (EOG)
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database. Additionally, daily and yearly products are available. These images exhibit superior quality and
resolution compared to previous night satellite images such as DSMP OLS (Elvidge et al., 2013).

The images utilized in this study are accessible on the NGDC website:

https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.html

The VIIRS series of images provides information about the Earth’s surface radiance, presenting radiance
values in nanoWatts/cm2/sr. The radiometric detection range is extensive, allowing the distinction between
very bright and barely illuminated areas. Analysis of the intensity and magnitude of radiance values enables
the identification of different types of land use. Some authors have examined the intensity of urban areas
and human activities (Checa y Nel-lo, 2018; Li et al., 2015). Others have correlated luminosity with population
density, GDP fluctuation, and other socioeconomic variables (Elvidge, et al., 2012; Levin & Duke, 2012; Liang
etal., 2014; Zhao et al., 2011).

The nighttime images are georeferenced and available in a raster format with 14-bit radiometric
quantification. Compared to previous images, VIIRS images avoid supersaturation in the most illuminated
areas, allowing the study of extreme values. The Day/Night Band (DNB) sensor has 11 spectral bands at
night and 21 during the day. The pixel resolution is 15 arc seconds, and the spatial resolution is 742 x 742
m (Elvidge et al., 2013), making it suitable for territorial analysis. In summary, the images generated by this
satellite exhibit good characteristics in terms of resolution, calibration, and quality.

It is important to note that data from tropical areas are affected by cloud presence, hindering the
registration of valid Earth surface radiance values. Additionally, at the poles, luminosity is affected by
solar lighting in the summer months. However, products provide information about the number of valid
observations obtained during the month. As will be seen, the processing of the images considers this
information about cloud presence and valid observations.

The process begins with the download of monthly satellite images from April 2012 to December 2019.
It is necessary to consider that the images are available for the entire planet from latitude 75N to 65S, in
a set of 6 images divided by the equator and for every 120 degrees of longitude. To analyze Ecuador, it is
necessary to download two areas of images corresponding to the northern and southern hemispheres and
longitude from B0W to 180W. Once the files of the two hemispheres are downloaded, two products are
available: one corresponds to the average brightness of the Day/Night Band (DNB) with an extension of
avg_rade9h.tif, and the other includes the number of observations without clouds with an extension of cf_
cbg.tif. Products of the same temporality but different hemispheres were joined, and an image containing
information between 75N and 65S of latitude and 60W and 180W of longitude was generated. In order to
obtain information only about our study territory, it was necessary to extract an area of 720 x 780 km, which
encompasses continental Ecuador. Thus, two products were obtained for each month of the years studied:
one corresponding to the average brightness and the other to the number of observations.

Next, to have a common language with other sources of information, all data sources were assigned a
projected coordinate system, WGS-1984_UTM_ZONE_17S. After that, all the images were converted to a
vector format, allowing for more efficient quantitative anal. For this process, it was necessary to convert
the radiance values to an integer number.
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Considering cloud presence to prevent incorrect average data was essential. Therefore, areas with no
measures of radiance due to clouds were delineated in the images containing valid observations of
radiance. Then, the same areas were identified in the file corresponding to radiance values. In these cases,
the value 0 was replaced by a Null value. Finally, operations were performed using the monthly images to
obtain the annual average value. With this process, areas without valid observations were excluded from
the operations.

Regarding the study area of this research, the areas identified on the Map of Petroleum Areas of Ecuador
from the Ministry of Hydrocarbons (Figure 2) for the year 2017 were used. The map delineates 65 oil areas in
the country, with 8 located in the coastal area and 57 in the Amazon region. The same source of information
indicates the operators assigned to each area: 24 areas are operated by Petroamazonas, an Ecuadorian
state company, and private companies operate 20. The other 21 areas are under the management of the
Secretary of Hydrocarbons, implying that they are not assigned to any operator and do not generate crude
oil production.

Figure 2
Petroleum Areas of Continental Ecuador

Note. Ministry of Hydrocarbons and Secretary of Hydrocarbons of Ecuador, own elaboration.
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Additionally, the annual crude oil production of public and private companies was identified. This
information is published in the statistical bulletins of the Hydrocarbons Regulation and Control Agency
(ARCH)and by the Central Bank of Ecuador.

Measuring brightness: Radiant intensity and average radiance

Before delving into the results, defining the units used to measure the magnitude and intensity of
luminosity is essential. On the one hand, magnitude is a value reflecting the total radiance emitted in
a delimited space, known as radiant intensity. The measuring unit corresponds to W/sr. To calculate this
value, it was necessary to intersect the nighttime images with the oil areas and then calculate the sum of
the radiance values for each oil area. On the other hand, the average radiance value indicates the mean
radiance of each area, resulting from dividing the total emitted radiance by the surface of the considered
area. It is expressed in nW/cm?/sr.

Additionally, to conduct a spatial comparative analysis, a methodology was applied to compare the oil
areas’ light impact with the country’s main populated centers in square kilometers. The procedure applied
considers a threshold value of radiance that delimits urban areas in terms of intensity of use through the
radiance emitted by the territory. The use of a threshold has been considered in various studies employing
these satellite images. However, for this specific study, the methodology used is based on the research
called ‘The City Light’ (Nel-lo et al., 2017). It allows us to measure the effect of light scattering in oil areas
with intensities similar to those of urban areas.

The method establishes a threshold of urban light, enabling an analysis of the evolution of the surfaces
that reach the defined threshold. This urban luminosity threshold is obtained through an intersection
between night satellite images, and polygons of urban uses delimited in land use maps. In the Ecuadorian
case, we utilized the database of the National Information System of Rural Lands and Technological
Infrastructure - SIGTIERRAS (2016) of the Ministry of Agriculture and Livestock for the delimitation of these
polygons. Once the layer of polygons of urban uses intersects with the pixel with radiance information, we
proceed to compare the surfaces with different levels of brightness. Through this procedure, a radiance value
that corresponds to the maximum coincidence between urban areas and illuminated pixels was determined.

This threshold allows us to analyze the evolution of the surfaces affected by the natural gas flaring site
located in the oil areas. These sites emit considerable levels of radiance that illuminate the surrounding
territory. Therefore, the luminosity recorded in satellite images enables us to observe the impact of light
scattering, where the degree of light scattering, among other factors, depends on the level of radiance
registered in a certain territory. In principle, greater light intensity generates greater light dispersion.
Thus, light scattering can explain that the surface of the oil areas, mostly characterized by agricultural
and forestry features, located close to oil extraction centers reach luminosity levels similar to those of
consolidated urban areas.

Hence, the threshold of the radiance of typically urban areas applied in the oil areas shows us the magnitude
of the surface that is polluted by similar levels of urban light outside the strict limit.
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Results: The evolution of night brightness

Having outlined the general framework and methodology of the study, let us now present the main results.
Firstly, we determined each oil area’s evolution of radiant intensity and mean radiance. Subsequently, we
explored the relationship between radiance evolution and the volume of crude oil production by companies.
Finally, a comparative analysis was conducted using the threshold of urban light to measure the light impact
in oil areas and main Ecuadorian urban areas.

Luminosity evolution in oil areas: Radiance intensity

The evolution of radiance emitted in the oil areas, encompassing 65 oil areas, reveals a considerable
increase during the analyzed period. Radiance has surged from 165 778 W/sr in 2012 to 307 150 W/sr in 2019,
implying an 85 % increase. This trend is noteworthy, particularly given that most of these territories are
situated in areas with abundant biodiversity, such as the Amazonas region.

Figure 3
Radiant intensity by oil area. Ecuador 2012-2019

Note. VIIRS, own elaboration.

It is crucial to acknowledge that the oil areas are operated by different companies, each with distinct
characteristics in terms of technology, infrastructure status, and site management. These differences
influence the radiance intensity of each area (Figure 3). By calculating the radiance of the 65 areas over the
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last 7 years, it is evident that radiant intensity has multiplied by factors within a wide range, ranging from
0.2 to 253. In most cases, radiance intensity has increased by percentages around 70 %.

In terms of absolute values, three areas —60-Sacha, 57-Shushufindi Libertador, and 61-Auca— emit the
highest levels of radiance intensity. Notably, these three areas are operated by Petroamazonas-EP, a
public company. For instance, 60-Sacha reached 73,480 W/sr in 2019, tripling its indicator in the last 7
years. According to the Petroamazonas 2017 Management Report, this area is the most profitable in terms
of barrels of production and income in dollars, ranking third in barrels of oil per day, after Shushufindi and
Auca. In three areas, the recorded percentage increases in radiance exceed the percentages of increases in
crude oil production.

Three areas also stand out for remarkable increases: Area 43-ITT, 53-Singue, and 54-Eno Ron. Area 43-ITT has
multiplied its radiance emission by 253 times between 2012 and 2019, from 3 to 701 W/sr. This area, located
partly in Yasuni National Park, attracted international attention through the Yasuni ITT Initiative. Despite
various policies over the years, the radiance emission in this area reflects a sharp increase since 2013.

Regarding Area 53-Singue, although its radiance intensity does not reach the highest values, the evolution
process has been extreme. It is the second smallest area, but its radiance increased by 166 times from 8 to
1303 W/sr between 2012 and 2019. A considerable correlation coefficient (R? = 0.73) between oil production
and recorded radiance highlights the parallel increase between the two.

Finally, the 54-Eno Ron multiplied its initial value by 25, increasing from 165 to 4203 W/sr in the analyzed
period. The first record of crude oil production in this area was in 2014, coinciding with a substantial
increase in radiance levels. A correlation coefficient of 0.84 between radiance and oil barrel production
suggests a parallel increase.

In these three areas, the impact of oil extractive activities on light is significant, capturing changes in
the natural environment from near-zero radiance values to illuminated territories, coinciding with the
commencement of extractive activities. This radiance increase implies extreme transformations in the
habitat of flora, fauna, and human settlements within these mega-diverse areas. Additionally, extractive
activities not only influence the light factor but often alter other aspects of the natural environment,
impacting air and water quality, noise levels, and more.

It is important to note that the increase in radiance in oil areas is also linked to the urbanization processes
within these areas. Urbanization is often part of negotiation policies with local communities for
compensation, such as Millennium Cities projects. New infrastructures are implemented to serve local
communities, directly linking urbanization processes and light emission to oil extraction. However, these
urban areas have much lower radiance levels than burning sites.

Evolution of light intensity in oil areas: Average radiance

To better visualize differences between oil areas, the average radiance of each one has been calculated.
Considering that total emitted radiance is linked to the area’s extension, the average radiance allows for a
comparison between areas of varying sizes. It is obtained by dividing the total emitted radiance by the total
area, providing a value reflecting the average radiance recorded across the analyzed area.
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The increase in mean radiance is directly tied to the rise in total emitted luminosity discussed in the
previous section. However, average radiance values express the intensity of territory each company uses.
Therefore, areas emitting lower total radiance levels might still have high mean radiance if concentrated
in a small territory. The highest average radiance values correspond to areas with greater intensity of use,
indicating a significant light impact on the considered area.

Both radiant intensity and average radiance are crucial indicators of the impact on the natural environment.
Figure 4 illustrates both indicators for the main Ecuadorian oil areas.

Figure &4
Evolution of radiance intensity and average radiance by oil areas 2012-2019

Note. VIIRS, Agency for Regulation and Control of Hydrocarbons and own elaboration.

1
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In the set of 65 areas, mean radiance has increased by 86%, from 205 to 382 pW/cm?/sr between 2012 and
2019. The areas 60-Sacha and 46-Mauro Davalos Cordero record the highest average radiance, significantly
increasing their levels by 3 and 2.5 times, respectively, in the last 7 years.

Certain areas emit high radiance intensity but have low average radiance due to concentrated light sources
and a large extension, maintaining dark areas within their limits. Both radiance intensity and average
radiance reflect values characterizing each oil area, serving as crucial indicators of the impact on the
natural environment.

Night luminosity and oil production

As explained, the relationship between oil activities and night luminosity has been explored through the
brightness indexes of each oil area, indicating a correlation between registered radiance level and oil
production. The main oil production areas generally correspond to those emitting the greatest radiance,
while areas under the Ministry of Hydrocarbons not currently exploited register mostly low or zero radiance
values.

Examining the evolution of radiance intensity between 2012 and 2019 for areas assigned to operating
companies, a distinction is observed between public and private companies. Radiance intensity within
areas assigned to Petroamazonas, a public company, increased by 109%, whereas private companies only
saw a 22% increase (Table 1).

To establish the relationship between radiance evolution and the volume of oil production, determination
(r¥) and Spearman coefficients between radiant intensity and the volume of barrel production were
calculated (Table 1).

Figure 5
Variation of the radiance intensity and the volume of production in millions of barrels per year by operating companies
concerning the year 2012. Ecuador 2013-2018

Note. Own elaboration based on VIIRS images and data from the Central Bank of Ecuador (2020).
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Table 1
The relationship between the evolution of oil production and radiance intensity. Ecuador 2012-2019

Radiance Evolution Evolution 0Oil production Evolution Evolution R2 Spearman
Intensity (W/sr) ab(?,e;t;:?s % (Millions of barrels) ab(sr;):ét)es % (radiance) coeff.
Companies 2012 2019 2012 2019
Public 120.876 252.343 131.4867 109% 134 153 19 14% 0,57 0,77
Private 44.901 54.807 9.906 22% 51 41 -10 -19% 0,29 -0,40
Total 165.778 307.150 141.372 85% 184 194 9 5% 0,32 0,57

Note. OLS. Standard error 95 %.
Source. Own elaboration based on VIIRS images and data from the Central Bank of Ecuador (2020).

Excluding areas under the Ministry of Hydrocarbons, there was an 85 % increase in radiance intensity
between 2012 and 2019, while crude oil production increased by only 5 % during the same period. This
significant difference suggests that luminosity evolution is more independent and grows much faster than
crude oil production.

Analyzing data by companies, areas operated by Petroamazonas, a public company, showed a correlation
coefficient (R?) of 0.8 between production volume and radiance intensity from 2012 to 2017, decreasing to
0.6 when considering data until 2019. Despite an increase of 109 % in radiance between 2012 and 2019, oil
production only increased by 14%. This implies that even a slight increase in production can generate a
substantial radiance impact (Figure 3).

Areas managed by private companies exhibited different behavior, with a low r? coefficient. The production
of these areas decreased by 19%, while radiance intensity increased by 22%, indicating that radiance
evolution remained relatively stable with a slight increase compared to a slight decrease in crude oil
production (Figure 4).

It is essential to consider that differences observed between areas managed by different companies are
not solely related to total production but also to other factors, such as well conditions, drilling frequency,
technology use, and more. In this regard, private companies have generated less light pollution than public
entities. This could be attributed to stricter oversight or adherence to specific standards required for
obtaining operational permits.

Additionally, the evolution of radiance is related to crude oil prices. Over the period 2012 to 2019,
the r? coefficient between price per oil barrel and radiance intensity is 0.78, with a correlation coefficient
of -0.88, indicating an inverse relationship. When oil prices decrease, radiance intensity tends to increase,
and in turn, as mentioned in the previous paragraph, production increases. The observed trend aligns with
the country’s clear dependence on income generated by this extractive activity, especially during periods of
lower oil prices, emphasizing the impact on luminosity evolution in oil areas. In this sense, it can be intuited
that when oil prices drop, companies and governments in oil-producing countries often ramp up production
to maintain revenue levels despite lower prices per barrel. This increased activity in oil extraction
and related industries requires more energy, leading to a rise in radiance intensity. Consequently, this
heightened production has a noticeable impact on the evolution of light pollution (or radiance) in regions
where oil extraction is a major activity.
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Figure 6
Evolution of the radiance intensity by oil areas and cities. Ecuador 2012-2019

Note. Own elaboration based on VIIRS images.

Luminosities with urban intensities

To provide an overview of light pollution in Ecuador, a comparative analysis was conducted between oil
areas and the country’s main cities. The radiance intensity of cities was calculated by considering the
centroids of the main settlements identified in the National Plan of Development (PNBV, 2012). Circular
areas with a radius of 25 km were generated from these centroids, and radiance intensity values were
extracted from nighttime images.

The analysis revealed that the radiance intensity in main cities increased by 56 %, compared to an 85 %
increase in oil production areas. This indicates that the radiance in oil areas has increased at a higher rate
than in the main Ecuadorian urban centers. In a more detailed analysis, territories linked to extractive uses
showed radiance values comparable to those generated by the main populated centers in the country.

Results highlighted that metropolitan areas like Quito and Guayaquil emit less radiance than oil areas
assigned to the Ecuadorian Public Company. However, the latter’s impact on the natural environment
is considerably more significant due to the distribution of light emission over habitats of abundant
biodiversity, such as the Amazon (Figure 5, Figure 6, Figure 7).



Revista de Urbanismo, 51(2024)

Figure 7

Surfaces with urban radiance intensity, Quito and Area 60

Source. VIIRS and ARCH, own elaboration.

Mejia

Compared with urban areas without oil inclusions, it was found that some local and small cities related to

oil extraction zones emit higher radiance values than the country’s most important cities. Territorializing

luminosity values, areas reaching an ‘urban’ luminosity threshold of 68 nW/cm?/sr were visualized. This

threshold encompasses surfaces with native forests, small cultivation plots, and grasslands. The analysis

revealed that due to the high radiance levels recorded in these soils, there is excessive light scattering,

indicating an impact of oil areas beyond their strict surface limits.

The luminosity impact on oil areas was like that of urban areas, as evidenced by comparing surface

evolution with urban light intensities. The surface with urban radiance in oil areas increased by 192 %

between 2012 and 2019, while in the main settlements of the country, the increase was 38 % (Table 2). This

indicates that the consumption of land through light in areas related to crude oil extraction is much higher

than the urbanization process in major Ecuadorian cities.

Table 2

Evolution of surfaces with urban intensities

2012 (km?)
Urban settlements
Urban Areas 213,56
Oil Areas
Public 2631
Private 63,4
Total 326,6

Note. VIIRS and own, own elaboration.

2019 (km2)

2924,8

835,7

18,6

954,3

2018 (increase in km?)

811,3

% Increase

38 %

218 %

87 %

192 %
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In summary, the results emphasize that urban brightness in oil areas serves as an indicator of light
scattering, significantly increasing and establishing that the surface with urban luminosity in oil areas more
than doubles that of urban areas located in the rest of the country.

Conclusions and Policy Implications

This research highlights the significant environmental impact of oil extraction activities in Ecuador,
particularly light pollution. Despite the relatively small surface area occupied by oil infrastructures, the
study reveals that the effects on the natural environment extend far beyond their physical limits. The key
conclusions and policy implications are summarized as follows:

1. Exponential increase in light pollution: The study demonstrates an exponential increase in light
pollution in oil areas over the past seven years. Radiant intensity has increased by 85%, significantly
outpacing the 5 % increase in crude oil production. This indicates that the patterns of brightness
escalation exceed those of oil volume production. Even though the increase in oil production has been
slight, and even in the case of private companies, it has been reduced, the operational activities that
have generated the amount of light emitted have increased. This phenomenon may result from factors
related to the energy demand required to extract oil from a source that is becoming increasingly
depleted, the reduction in the efficiency of the equipment, changes in the procedures applied, etc.
In any case, the activities generally increase pollution in a territory with a high environmental value.
Following this line of research, It has been proved that light is a stress factor (Aubrecht et al., 2010) that
alters the natural cycle of the ecosystem (Gaston et al., 2014)

2. Light impact beyond infrastructure: The study quantifies the areas affected by light intensities
comparable to major urban centers. Oil areas such as Sacha, Shushufindi-Libertador, and Auca
generate significant light pollution, illuminating large swaths of non-artificialized soil. The impact
of extractive activities spreads beyond the immediate areas occupied by oil infrastructure. This
underscores the need to analyze oil extraction's comprehensive costs and impacts, considering
environmental, ecological, and social impacts.

3. The magnitude of light impact: Areas with urban luminosity within oil zones have nearly tripled (192
% increase) in the analyzed period, while urban areas experienced a much lower increase (38 %).
This suggests that the dispersion of light in oil areas is growing at a much higher rate than in major
urban centers. This means that the increase rates in areas with typically urban light intensity far
exceed those recorded in urban areas. Furthermore, it has been shown that despite the relatively
small surface area occupied by extraction infrastructures, the effects that they cause on the natural
environment far exceed their limits. This reflects the impacts of global trends, such as the continued
demand for oil. In this sense, the study allows us to appreciate how political and economic decisions
change the landscape and alter the natural ecosystem.

4. Methodological potentials: The research demonstrates the potential of using nighttime satellite
images and tested procedures to analyze the light impact of oil extraction activities. This
methodology, relying on globally available data, can be applied to other areas to assess extractive
activities’ environmental consequences. More recent studies explore the ability of images to locate
anthropogenic activities and their impacts (Zhao et al., 2020). Thus, this study aligns with research
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that has related luminescence to the artificialization of soil (Checa Rius y Nel-lo, 2018; Henderson et al.,
2003; Liu & Leung, 2015)

5. Promoting sustainable policies: The study advocates reconsidering territorial policies and anthropic
uses governing oil extraction areas. It calls for a balance between environmental conservation and
the exploitation of non-renewable resources to achieve sustainable social, economic, environmental,
and territorial development. The research questions the sustainability and equity of the current
extractive model, emphasizing the need for new models that prioritize protecting natural resources
and encourage less environmentally aggressive activities.

The scientific contribution of this study lies in the fact that it analyses the impacts to which only limited
attention is paid, although their effects have become increasingly intense and extensive on the territory.
It addresses the impacts of non-urban astronomical uses corresponding to operational spaces linked
to urban uses. Therefore, the results allow us to re-evaluate the impact of extractive activities and urge
policymakers to go beyond purely economic considerations, prioritizing the responsible use of natural
resources for the benefit of present and future generations. In addition to the results, the methodological
aspect has great scientific relevance since it shows the potential for analyzing night-time satellite images,
which offer us spatial and temporal indicators of light pollution.

Conflict of interest

The author has no conflicts of interest to declare.

Authorship Statement

Veronica Mejia: Conceptualization, Data curation, Investigation, Methodology, Supervision, Writing-original
draft, Writing-review & editing.

Acknowledgments

The author thanks the Energy, Territory, and Society Study Group of the Universitat Autonoma Barcelona for
the support received for developing this research.

References

Adams, C. A., Blumenthal, A., Fernandez-Juricic, E., Bayne, E., & St. Clair, C. C.(2019). Effect of anthropogenic
light on bird movement, habitat selection, and distribution: A systematic map protocol. Environmental
Evidence, 8(1), 13. https://doi.org/10.1186/s13750-019-0155-5

Afroz-Hossain, A., Dawkins, M., & Myers, A. K. (2019). Sleep and Environmental Factors Affecting Glycemic
Control in People with Type 2 Diabetes Mellitus. Current Diabetes Reports, 19(7), 40. https://doi.org/
10.1007/s11892-019-1159-9

Aubrecht, C., Elvidge, C., Ziskin, D., Rodrigues, P., & Gil, A.(July, 2010). Observing stress of artificial night lighting
on marine ecosystems-a remote sensing application study. [ Conference]. ISPRS Technical Commission
VII Symposium 100 Years ISPRS Advancing Remote Sensing Science. Vienna, Austria.


https://doi.org/10.1186/s13750-019-0155-5
https://doi.org/10.1007/s11892-019-1159-9

https://doi.org/10.1007/s11892-019-1159-9


Revista de Urbanismo, 51(2024) Mejia

Becerra, S., Paichard, E., Sturma, A. y Laurence, M.(2013). Vivir con la contaminacién petrolera en el Ecuador:
Precepciones sociales del riesgo sanitario y capacidad de respuesta. Revista Lider, 23, 102-120.

Benedetto, M. M., & Contin, M. A.(2019). Oxidative Stress in Retinal Degeneration Promoted by Constant LED
Light. Frontiers in Cellular Neuroscience, 13, 139. https://doi.org/10.3389/fncel.2019.00139

Bennie, J., Davies, T. W., Duffy, J. P., Inger, R., & Gaston, K. J. (2014). Contrasting trends in light pollution
across Europe based on satellite observed nighttime lights. Scientific Reports, (4), 3789. https://doi.
org/10.1038/srep03789

Boslett, A., Hill, E., Ma, L., & Zhang, L.(2021). Rural Light Pollution from Shale Gas Development and Associated
Sleep and Subjective Well-Being. Resource and Energy Economics, 64, 101220. https://doi.org/
10.1016/j.reseneeco.2021.101220

British Petroleum. (2018). BP 0il Statistical Review of World Energy 2018 Ed. 67. Author.
Burchardt, H. Ji., Dominguez, R., Larrea, C. y Peters, S.(2016). Nada dura para siempre. Abya-Yala.

Central Bank of Ecuador(2020). Estadisticas macroeconémicas. Presentacién Coyuntural[ Conjunto de datos]..
https://contenido.bce.fin.ec/documentos/Estadisticas/SectorReal/Previsiones/IndCoyuntura/
EstMacro042020.pdf

Checa Rius, J. y Nello, 0. (2018). Intensidades urbanas la urbanizacion del litoral mediterraneo ibérico a la
luz de la imagen satelital nocturna de la tierra. In F. Cebrian Abellan (Coord.), Ciudades medias y dreas
metropolitanas: de la dispersion a la regeneracion (pp. 95-116). Ediciones de la Universidad de Castilla-La
Mancha.

Ciach, M., & Frohlich, A.(2019). Ungulates in the city: Light pollution and open habitats predict the probability
of roe deer occurring in an urban environment. Urban Ecosystems, 22(3), 513-523. https://doi.org/
10.1007/s11252-019-00840-2

Coscieme, L., Sutton, P. C., Anderson, S., Liu, Q., & Elvidge, C. D. (2017). Dark Times: Nighttime satellite
imagery as a detector of regional disparity and the geography of conflict. GIScience & Remote Sensing,
54(1), 118-139. https://doi.org/10.1080/15481603.2016.1260676

Diaz, V.(20186). EI camino hacia el sol: economia, energia, medio ambiente y sociedad. CreateSpace.

Elvidge, C., Baugh, K., Sutton, P., Bhaduri, L., Tuttle, B., Tilottama, G., Ziskin, D., & Erwin, E. (2011). Who's in
the Dark—Satellite Based Estimates of Electrification Rates. In X. Yang (Ed.), Urban Remote Sensing
(pp. 211-224). John Wiley & Sons, Ltd. https://doi.org/10.1002/9780470979563.ch15

Elvidge, C., Baugh, K. E., Anderson, S. J., Sutton, P. C., & Ghosh, T.(2012). The Night Light Development Index
(NLDI): A spatially explicit measure of human development from satellite data. Social Geography, A1),
23-35. https://doi.org/10.5194/sg-7-23-2012

Elvidge, C., Baugh, K., Zhizhin, M., & Hsu, F.-C. (2013). Why VIIRS data are superior to DMSP for mapping
nighttime lights. Proceedings of the Asia-Pacific Advanced Network, 35(0), 62. https://doi.org/10.7125/
APAN.35.7

Elvidge, C. D., Zhizhin, M., Baugh, K., & Hsu, F.-C. (2015). Automatic Boat Identification System for VIIRS Low
Light Imaging Data. Remote Sensing, A3), Article 3. https://doi.org/10.3390/rs70303020


https://doi.org/10.3389/fncel.2019.00139
https://doi.org/10.1038/srep03789

https://doi.org/10.1038/srep03789

https://doi.org/10.1016/j.reseneeco.2021.101220
http://
https://doi.org/10.1016/j.reseneeco.2021.101220
http://
https://contenido.bce.fin.ec/documentos/Estadisticas/SectorReal/Previsiones/IndCoyuntura/EstMacro042020.pdf

https://contenido.bce.fin.ec/documentos/Estadisticas/SectorReal/Previsiones/IndCoyuntura/EstMacro042020.pdf

https://doi.org/10.1007/s11252-019-00840-2

https://doi.org/10.1007/s11252-019-00840-2

https://doi.org/10.1080/15481603.2016.1260676
https://doi.org/10.1002/9780470979563.ch15
https://doi.org/10.5194/sg-7-23-2012http://
https://doi.org/10.7125/APAN.35.7

https://doi.org/10.7125/APAN.35.7

https://doi.org/10.3390/rs70303020

Revista de Urbanismo, 51(2024) Mejia

Elvidge, C. D., Zhizhin, M., Baugh, K., Hsu, F.-C., & Ghosh, T. (2016). Methods for Global Survey of Natural Gas
Flaring from Visible Infrared Imaging Radiometer Suite Data. Energies, 9(1), 1. https://doi.org/10.3390/
en9010014

Falchi, F., & Bara, S.(2023). Light pollution is skyrocketing. https://doi.org/10.48550/arXiv.2306.13878

Falchi, F., Cinzano, P., Elvidge, C. D., Keith, D. M., & Haim, A. (2011). Limiting the impact of light pollution on
human health, environment and stellar visibility. Journal of Environmental Management, 92(10), 2714-
2722. https://doi.org/10.1016/j.jenvman.2011.06.029

Fernandez, R.y Gonzalez, L. (2013). En la espiral de la energia: gistoria de la humanidad desde el papel de la
energia. Ecologistas en Accion. https://doi.org/10.15713/ins.mm;j.3

Firebaugh, A., & Haynes, K. J. (2019). Light pollution may create demographic traps for nocturnal insects.
Basic and Applied Ecology, 34, 118-125. https://doi.org/10.1016/j.baae.2018.07.005

Fontaine, G.(2009). Los conflictos ambientales por petréleoy la crisis de gobernanza ambiental en el Ecuador.
CIP-Ecosocial, 6, 2-7.

Gaston, K. J., Duffy, J. P., Gaston, S., Bennie, J., & Davies, T. W. (2014). Human alteration of natural light
cycles: Causes and ecological consequences. Oecologia, 176(4), 917-931. https://doi.org/10.1007/
s00442-014-3088-2

Intergovernmental Panel on Climate Change. (2014). Cambio Climdtico 2014. https://doi.org/10.1016/
S$1353-8020(09)70300-1

Henderson, M., Yeh, E. T., Gong, P., Elvidge, C., & Baugh, K. (2003). Validation of urban boundaries derived
from global night-time satellite imagery. International Journal of Remote Sensing, 24(3), 595-609.
https://doi.org/10.1080/01431160304982

Kaushik, K., Nair, S., & Ahamad, A. (2022). Studying light pollution as an emerging environmental concern in
India. Journal of Urban Management, 11(3), 392-405. https://doi.org/10.1016/j.jum.2022.05.012

Kyba, C. C. M., Kuester, T., Sdnchez de Miguel, A., Baugh, K., Jechow, A., Holker, F., Bennie, J., Elvidge, C.
D., Gaston, K. J., & Guanter, L. (2017). Artificially lit surface of Earth at night increasing in radiance and
extent. Science Advances, 3(11), e1701528. https://doi.org/10.1126/sciadv.1701528

Larrea, C.(20086). Petroleo y estrategias de desarrollo en el Ecuador: 1972-2005. In G. Fontaine (Ed.), Petréleo
y desarrollo sostenible en el Ecuador: las ganancias y pérdidas (pp. 57-68). Flacso.

Levin, N., & Duke, Y. (2012). High spatial resolution night-time light images for demographic and socio-
economic studies. Remote Sensing of Environment, 119, 1-10. https://doi.org/10.1016/j.rse.2011.12.005

Li, X., Zhang, R., Huang, C., & Li, D. (2015). Detecting 2014 Northern Irag Insurgency using night-time
light imagery. International Journal of Remote Sensing, 36(13), 3446-3458. https://doi.org/10.1080/
01431161.2015.1059968

Li, X., Li, D., Xu, H., & Wu, C.(2021). Intercalibration between DMSP/OLS and VIIRS night-time light images to
evaluate city light dynamics of Syria’s major human settlement during Syrian Civil War. En C. Elvidge,
X.. Y. Li, C. Xhou, C. Cao, & T. A. Warner (Eds.), Remote Sensing of Night-time Light (pp. 5934-5351).
Routledge. https://doi.org/10.4324/9781003169246


https://doi.org/10.3390/en9010014 

https://doi.org/10.3390/en9010014 

https://doi.org/10.48550/arXiv.2306.13878
https://doi.org/10.1016/j.jenvman.2011.06.029
https://doi.org/10.15713/ins.mmj.3
https://doi.org/10.1016/j.baae.2018.07.005
https://doi.org/10.1007/s00442-014-3088-2

https://doi.org/10.1007/s00442-014-3088-2

https://doi.org/10.1016/S1353-8020(09)70300-1

https://doi.org/10.1016/S1353-8020(09)70300-1

https://doi.org/10.1080/01431160304982
https://doi.org/10.1016/j.jum.2022.05.012
https://doi.org/10.1126/sciadv.1701528
https://doi.org/10.1016/j.rse.2011.12.005
https://doi.org/10.1080/01431161.2015.1059968

https://doi.org/10.1080/01431161.2015.1059968

https://doi.org/10.4324/9781003169246

Revista de Urbanismo, 51(2024) Mejia

Li, X., Xu, H., Chen, X., & Li, C.(2013). Potential of NPP-VIIRS Nighttime Light Imagery for Modeling the Regional
Economy of China. Remote Sensing, 5(8), 6. https://doi.org/10.3390/rs5063057

Liang, H., Tanikawa, H., Matsuno, Y., & Dong, L. (2014). Modeling in-use steel stock in China’s buildings and
civil engineering infrastructure using time-series of DMSP/OLS nighttime lights. Remote Sensing, 6(6),
4780-4800. https://doi.org/10.3390/rs6064780

Liu, L., & Leung, Y. (2015). A study of urban expansion of prefectural-level cities in South China using night-
time light images. International Journal of Remote Sensing, 36, 5557-5575. https://doi.org/10.1080/0143
1161.2015.1101650

National Information System of Rural Lands and Technological Infrastructure - SIGTIERRAS (2016). Cobertura
y uso de la tierra. http://www.sigtierras.gob.ec/cobertura-y-uso-de-la-tierra/

Navara, K. J., & Nelson, R. J. (2007). The dark side of light at night: Physiological, epidemiological,
and ecological consequences. Journal of Pineal Research, 43(3), 215-224. https://doi.org/10.1111/
j.1600-079X.2007.00473.x

Nello, 0., Lopez, J., Martin, J., & Checa, J. (2017). Energy and urban form. The growth of European
cities on the basis of night-time brightness. Land Use Policy, 61, 103-112. https://doi.org/10.1016/j.
landusepol.2016.11.007

Riba, C.(2011). Recursos energétics i crisi. Octaedro.

Rodrigo-Comino, J., Seeling, S., Seeger, M. K., & Ries, J. B.(2023). Light pollution: A review of the scientific
literature. The Anthropocene Review, 10(2), 367-392. https://doi.org/10.1177/20530196211051209

Sans, R.y Pulla, E.(2013). El colapso es evitable. La transicion energética del siglo XXI. Octaedro.

Smil, V. (1994). Energy in world history. Westview Press.
Smith, L.(2012). The new North: The world in 2050. The New North. Penguin Random House.
Tainter, J. A.(1988). The collapse of complex societies. Cambridge University Press.

The World Factbook. (2016). Crude oil - production is the total amount of crude oil produced, in barrels per day
(bbl/day). Retrieved July 9, 2018, from https://www.cia.gov/library/publications/the-world-factbook/
rankorder/2241rank.html

Vogliano, S.(2009). ECUADOR - Extraccion petrolera en la Amazonia. https://www.fuhem.es/media/ecosocial/
image/culturambiente/fichas/ECUADOR_combustibles_n22.pdf

Wilson, J. y Bayén, M. (2017). La selva de los elefantes blancos: megaproyectos y extractivismos en la Amazonia
ecuatoriana. Abya Yala.

Zhao, N., Currit, N., & Samson, E. (2011). Net primary production and gross domestic product in China
derived from satellite imagery. Ecological Economics, 70(5), 921-928. https://doi.org/10.1016/
j.ecolecon.2010.12.023

Zhao, N., Cao, G., Zhang, W., Samson, E. L., & Chen, Y. (2020). Remote sensing and social sensing for
socioeconomic systems: A comparison study between nighttime lights and location-based social media
at the 500 m spatial resolution. International Journal of Applied Earth Observation and Geoinformation,
87,102058. https://doi.org/10.1016/j.jag.2020.102058

20


https://doi.org/10.3390/rs5063057
https://doi.org/10.3390/rs6064780
http://www.sigtierras.gob.ec/cobertura-y-uso-de-la-tierra/
https://doi.org/10.1111/j.1600-079X.2007.00473.x

https://doi.org/10.1111/j.1600-079X.2007.00473.x

https://doi.org/10.1016/j.landusepol.2016.11.007

https://doi.org/10.1016/j.landusepol.2016.11.007

https://doi.org/10.1177/20530196211051209
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2241rank.html
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2241rank.html
https://www.fuhem.es/media/ecosocial/image/culturambiente/fichas/ECUADOR_combustibles_n22.pdf
https://www.fuhem.es/media/ecosocial/image/culturambiente/fichas/ECUADOR_combustibles_n22.pdf
https://doi.org/10.1016/j.ecolecon.2010.12.023
https://doi.org/10.1016/j.ecolecon.2010.12.023
https://doi.org/10.1016/j.jag.2020.102058

