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Keeping it cool: a multi-case study of temperature, vegetation, and solar 
radiation in Ecuadorian schools
Matea Cañizares a and Daniel Romero-Alvarez b

aColegio Johannes Kepler, Quito, Ecuador; bEmerging and Neglected Diseases, Ecoepidemiology and Biodiversity Research Group, 
Undergraduate Program in Biomedical Sciences, Faculty of Health Sciences, Universidad Internacional SEK, Quito, Ecuador

ABSTRACT
Temperature and solar radiation in schools are relevant to children’s health and well-being. 
Heat exposure has a negative effect on learning, while vegetation cover appears to have 
a positive impact on academic outcomes. Ecuador lacks standards for temperature control, 
protection of students from solar radiation, or green cover on school grounds. Using satellite 
images, this multi-case study analyzed land surface temperature, vegetation index values, and 
solar radiation levels in nine schools located across Ecuador throughout 2022. Findings show 
heterogeneity in environmental values in schools among and within ecoregions. Only one 
school has an average temperature below heat stress conditions (i.e. <26 ºC). Schools on the 
Coast reached high mean temperatures of 37°C with maximum records of 41°C, representing 
very strong heat stress. Schools on the Coast have the lowest vegetation values, while schools 
in the Andes have the highest solar radiation levels. Increasing vegetation could help reduce 
temperature levels and protect students from radiation through shade. Knowledge of 
environmental conditions in schools should inform educational standards in Ecuador to 
develop focused policies addressing high temperature and radiation levels together with the 
vegetation indexes across ecoregions, considering the characteristics of each school.
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Introduction

Students spend approximately 200 days per year in 
school, making it an important setting for health pro-
motion. According to the Universal Thermal Climate 
Index (UTCI), heat stress in humans can be categor-
ized into five classes, from no thermal stress below 
26°C to strong heat stress >32°C and very strong  
>38°C (Park et al. 2014). In addition to influencing 
comfort levels, heat stress has repercussions on human 
health, well-being, and related outcomes (Ebi et al.  
2021). Furthermore, students’ concentration is inhib-
ited by heat exposure, which directly impacts learning 
outcomes (Park et al. 2020, 2021).

In 2023, the mean temperature in Latin America was 
the highest on record, exceeding the 1991–2020 average 
by 0.82°C (WMO 2024). Ecuador followed a similar 
trend with an average summer temperature increase 
of 1°C in the period 2017–2021 (Torres et al. 2022). 
Increasing temperatures and heatwave occurrences in 
the region require modifying environmental factors to 
counteract the effects on health. However, national 
adaptation plans seldom include child health-related 
domains and, when they do, the focus is predominantly 
on education and raising awareness (Zangerl et al.  
2024). In contrast, global standards emphasize the 
importance of the physical environment of schools, 

including adequate temperature control and green 
spaces, to address the well-being and learning capacity 
of children (WHO-UNESCO 2021).

Greenness may contribute to limiting the health 
impacts of increased heat (Pascal et al. 2021), and the 
presence of vegetation has been related to reduced 
land surface temperatures (Alshaikh 2015). Green 
spaces have been shown to improve mental and phy-
sical health (Nieuwenhuijsen et al. 2017) and school 
greenness has been associated with improved aca-
demic outcomes (Jimenez et al. 2023). Furthermore, 
shade from vegetations such as trees reduce solar 
radiation (Konarska et al. 2014).

Around the world, government standards for 
school infrastructure and grounds rarely consider 
temperature levels, solar radiation, or vegetation in 
the design and planning of schools. When they do, 
they rarely acknowledge ecoregion-specific needs, 
since standards commonly apply to schools nation-
wide. The location on the planet has an influence; 
countries located on the equator or at higher altitudes 
receive more solar radiation (Blumthaler et al. 1997, 
Petkov 2024). However, in Ecuador, a South American 
country located on the equator, government standards 
for school infrastructure neither regulate the control 
of temperature levels and protection against solar 
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radiation nor require a specific amount of vegetation 
on school grounds.

To the best of our knowledge, there is a lack of studies 
on the environmental characteristics of schools as 
a condition for student health and well-being in 
Ecuador. Examining environmental conditions through 
satellite images is useful for adopting cooling measures in 
urban infrastructure (Park et al. 2014). With the aim of 
understanding environmental conditions in Ecuadorian 
schools located in different geographic regions, we con-
ducted a multi-case study to identify land surface tem-
peratures, vegetation index values, and solar radiation 
levels of nine schools located at different altitudes and 
ecoregions, using satellite images. Our analysis focused 
on the interrelations between environmental factors that 
might be relevant to improving Ecuador’s lack of stan-
dards for school infrastructure and grounds with con-
sideration for their impact on children’s health.

Methods

Nine schools were selected across Ecuador to character-
ize three environmental variables: temperature, vegeta-
tion, and solar radiation. Schools were selected applying 
the following criteria: (i) they were equally distributed 
across the three continental ecoregions (i.e. Coast, 
Andes, Amazon; Supplementary Appendix 1), and (ii) 
their limits could be observed through an examination 
using Google Maps and Google Earth Pro. After selec-
tion, schools were delineated and represented as poly-
gons to calculate their area in hectares and estimate their 
average altitude using satellite images from the NASA 
Shuttle Radar Topography Mission (NASA 2024).

Environmental information for each school was 
obtained using satellite tools that measure Earth’s electro-
magnetic radiation, specifically the Moderate Resolution 
Imaging Spectroradiometer (MODIS) instrument aboard 
the Terra and Aqua satellites (Horning et al. 2010). 
MODIS-derived images approximate environmental 
data by interpreting different sections of the electromag-
netic spectrum. Three MODIS products were used: land 
surface temperature (LST) as a proxy for temperature, 
enhanced vegetation index (EVI) as a proxy for vegeta-
tion, and downward shortwave radiation (DSR) as 
a proxy for solar radiation (Table 1; Wang 2017, GOES- 
R 2020, Li et al. 2021).

For DSR – hereafter solar radiation – we used the 
band representing total DSR at Greenwich Mean 
Time (GMT) 12:00 and expressed it as watts per 
square meter (watts/m2). The LST satellite product 
uses multiple satellite images to interpret tempera-
ture and expresses it in degree Celsius (°C; Wan et al.  
2021). Vegetation indexes such as EVI show values 
without magnitude, directly related to low (mini-
mum = −2,000) or high (maximum = 10,000) on-the- 
ground vegetation levels (Didan 2021). We used 
school polygons to clip satellite images and obtained 
a value per time unit by averaging pixel values from 
the rasters. Data for each variable were collected 
throughout 2022 considering the availability of reli-
able satellite data and are presented using time series 
plots (Figure 1) and descriptive statistics (Figure 2; 
mean and standard deviation).

School delimitation, satellite product visualization, 
clipping, and data collection were performed using 
Google Earth Engine (Gorelick et al. 2017, 
Vijayakumar et al. 2024). Further data processing 
was performed on R (R Core Team 2023).

Results

The temporal resolution of satellite images varied 
from daily for solar radiation, every 8 days for tem-
perature and every 16 days for the vegetation index 
(Table 1). The paucity of satellite data is a consequence 
of cloud cover or rain-bearing clouds (Ismaila et al.  
2023). In this study, the paucity of images was most 
significant for temperature data. In some instances, 
only 9 out of 44 (20.45%) images provided data 
(Supplementary Table S1); thus, interpolation was 
used to estimate overall patterns for each variable 
throughout 2022 (Supplementary Table S1, Figure 1).

Environmental values were heterogeneous within 
and between Ecuadorian ecoregions for the three 
types of satellite images explored (Figure 2). Schools 
on the Coast had the highest temperature values, 
reaching mean values of up to 37°C and maximum 
records of 41°C (Table 2 and Figure 2). Temperature 
mean values in schools in the Amazon and Andes 
regions were similar (Figure 2) except for Colegio 
Johannes Kepler, which showed the lowest tempera-
tures across the year (Figures 1 and 2, Table 2).

Table 1. Characteristics of the satellite products used in this study.
Environment 
explored Satellite information

Satellite 
product Version Frequency Resolution

Overall number of 
images (mean, range) Url access

Temperature Land surface 
temperature (LST)

MOD11A2 061 8–day 1 km 24.44 (9-41) https://lpdaac.usgs.gov/pro 
ducts/mod11a2v061/

Vegetation Enhanced vegetation 
index (EVI)

MOD13Q1 061 16–day 250 m 21.44 (17-22) https://lpdaac.usgs.gov/pro 
ducts/mod13q1v061/

Solar radiation Downward shortwave 
radiation (DSR)

MCD18A1* 061 Daily 1 km 335.44 (275-347) https://lpdaac.usgs.gov/pro 
ducts/mcd18a1v061/

Satellite products from the MODIS sensors were collected systematically with Google Earth Engine for nine Ecuadorian schools in 2022. Each product has 
a different frequency of collection. *MCD18A1 is derived from information obtained from Terra and Aqua satellites.
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Figure 1. Representative schools from the Andean, Coast, and Amazon regions of Ecuador. We studied nine schools (a) in 
continental Ecuador using satellite images to characterize vegetation (EVI; b), temperature (LST; c), and solar radiation (DSR; d; see 
methods and Supplementary Table S1). Each panel represents a school from the Andean (A), Coast (B), and Amazon (C) regions of 
the country. Collected environmental data are represented in blue and linear interpolations in red.
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The Unidad Educativa Milenio Tarqui in the 
Amazon region had the highest vegetation index 
values among the schools studied, exceeding the 
averages of vegetation of schools in the Andes and 
Coast regions (Figures 1 and 2). Conversely, Unidad 
Educativa Fiscal Portoviejo and Unidad Educativa 
Novus on the Coast presented the lowest vegetation 
values (Figures 1 and 2, Table 2).

Schools in the Andes region showed the highest 
levels of solar radiation across all studied schools 
(Figure 2); among them, Unidad Educativa Ambato 
had the lowest levels of radiation across Andean 
schools (Figure 2). Despite having the highest tem-
perature levels, schools in the Coast region showed the 
lowest values of solar radiation (Figure 2), followed by 
schools in the Amazon region. Radiation was the 
variable with the largest heterogeneity (Figure 2). 
Supplementary Appendix 1 depicts environmental 
values as time series plots of the other six schools 
included in the study.

In 2022, average temperatures exceeded the heat- 
stress threshold in all but one school in the Andes 
region. The Andes region registered the largest solar 
radiation, while the Coast region had the highest tem-
perature levels. In the Coast region, two of the three 
schools showed the lowest vegetation index values 
(Figure 2). Considering that environmental conditions 

are relevant for the health, well-being, and learning of 
students, our findings suggest that the infrastructure 
and grounds at schools might be suboptimal.

Discussion

This research is the first to examine patterns of tem-
perature, vegetation, and solar radiation in schools in 
Ecuador using satellite imagery. Using Google Earth 
Engine, we collected satellite data to study nine school 
sites through 2022. The results indicate that certain 
conditions are characteristic of specific ecoregions, 
although variations among schools within the same 
ecoregion are common.

Using the 26°C threshold for moderate heat stress 
(Park et al. 2014), only one school, located in the 
Andes region, had an average temperature below 
heat stress conditions (i.e. Colegio Johannes Kepler  
= 21.76°C Figures 1 and 2, Table 2). Unidad Educativa 
del Milenio Tarqui, in the Amazon region, had an 
average temperature of 27.01°C, just above the thresh-
old of heat stress (Figures 1 and 2, Table 2). In the 
Coast region, the three schools registered tempera-
tures in the strong heat stress category (above 30 ºC) 
and had the highest temperature extremes of all 
schools, within the very strong heat stress category, 
from 40.07°C to 41.07°C (Table 2). These conditions 

Figure 2. Distribution of the studied schools by region and type of satellite image processed. Nine schools, three for each 
Ecuadorian land ecoregion (Andean = blue, Coast = red, Amazon = green), are compared using the mean and ±one standard 
deviation values obtained from different satellite products: (A) Temperature (LST, ºC), (B) vegetation index (EVI units), and (C) solar 
radiation; (DSR, watts/m2). Note: The figure aims to show differences in environmental values within and not across ecoregions. 
The y-axis for each environmental variable is readable; if cross-comparison is needed, data can be interpreted accordingly across 
schools.
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potentially expose students on the Coast to heat- 
related physical health risks (Ebi et al. 2021) and 
negative impacts on their learning outcomes (Park 
et al. 2020, 2021).

Considering the potential contribution of vegeta-
tion to lowering temperature values (Alshaikh 2015), 
we found that in the three ecoregions, the schools with 
the highest vegetation index had the lowest tempera-
ture values in both average and range (Figure 2 and 
Table 2); however, the relationship between tempera-
ture values and vegetation indexes varies by ecoregion. 
For example, despite having the largest vegetation on 
the Coast, Unidad Educativa Arco Iris still has one- 
year average temperature levels similar to the values 
registered for the two other schools from the Coast, 
which have the lowest vegetation values across the 
studied schools (Figure 2 and Table 2). This relation-
ship might be different in the Andes and Amazon 
regions where schools with larger values of vegetation 
also have lower values of temperatures (i.e. Figures 1 
and 2, and Table 2).

As expected, solar radiation in the schools in the 
Andes region, with average elevations between 
2,540.39 and 2,737.97 m above sea level (masl), 
showed larger values than schools at the Coast, 
where the average elevation across the three schools 
ranged from 4.38 to 32.79 masl (Table 2 and Figure 2, 
Supplementary Appendix 1). In Ecuador, 10% of the 
population resides at moderate altitudes (1,500-2,500 
masl), 27% at high altitudes (2,500-3,500 masl), and 
3% at very high altitudes (3,500-5,500 masl; Ortiz- 
Prado et al. 2021). Ecuador has more than 
4.3 million school students (Ecuadorian Ministry of 
Education 2023). The large percentage of people living 
at high altitudes means that a significant number of 
students are at risk of solar radiation exposure, with 
a potential impact on their health (Neale et al. 2023).

Green spaces in schools are important for promot-
ing health in a school setting (WHO-UNESCO 2021). 
Replacing heat-intensifying surfaces with vegetation 
and increasing tree canopy to provide shade are 
important cooling strategies for schools. The 
European ‘Cool Schools’ project describes these spaces 
as ‘nature-based climate shelters’ (Grand-Meyer et al.  
2024), while the Oasis project in Paris, France, views 
them as ‘cool islands’ serving the broader urban goal 
of alleviating rising temperatures (Ferrer et al. 2022). 
Furthermore, greenness may contribute to students’ 
mental and physical health (Nieuwenhuijsen et al.  
2017) and improved academic outcomes (Jimenez 
et al. 2023).

The results of this study highlight the relevance of 
studying environmental conditions in Ecuadorian 
schools and, consequently, the need to implement 
measures to alleviate heat stress and direct exposure 
to sunlight, potentially by increasing green spaces and 
shade. Given the different environmental patterns, Ta
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interventions should address the context-specific 
needs of each ecoregion. Strategies to reduce students’ 
exposure to solar radiation may be more important for 
schools in the Andes, while mitigating heat stress may 
be more relevant for schools in the Coast and Amazon 
regions. The higher vegetation indexes in the cooler 
schools in the Andes and Amazon regions suggest 
a potential model for school infrastructure reform in 
the Coast region.

Limitations

The present study analyzed satellite images available 
through 2022 to capture the state of environmental 
conditions at selected schools, which do not allow for 
generalizations and should be further assessed in time. 
However, as a multi-case study, our results underscore 
the importance of integrating remote sensing data in 
the assessment of school conditions. Satellite images 
might be unavailable due to the presence of clouds 
(Table 1); to address data gaps, we interpolated 
between data points to ensure reliable interpretations 
(Supplementary Table S1). Future studies should 
incorporate local sensor monitoring to complement 
these findings. Finally, we selected nine schools from 
the three ecoregions of the country; a larger sample 
size would allow to identify broader patterns.

Conclusion

Like other sites of daily life, schools are a setting that 
influences health, with the physical environment play-
ing an important role in children’s well-being and 
learning. School greenness and thermal comfort can 
have a positive impact on mental and physical health 
and learning outcomes (Nieuwenhuijsen et al. 2017, 
Park et al. 2020, 2021, Jimenez et al. 2023). In this 
multi-case study, we obtained environmental informa-
tion through open-access tools to obtain environmen-
tal data and characterize nine Ecuadorian schools 
using temperature, vegetation, and solar radiation 
values. Our findings indicate that schools in the 
Coast region might experience high levels of heat 
stress throughout the year and schools in the Andes 
region are exposed to higher solar radiation compared 
to schools in other ecoregions. Vegetation cover 
appears to help regulate temperatures in the Andes 
and Amazon region, although the effect varies by 
ecoregion.

Knowledge of environmental conditions across 
different locales could inform the development 
and reform of school infrastructure standards and 
the implementation of changes in existing schools 
to address the interplay of temperature, vegetation, 
and solar radiation. Reforms should account for 
differences within and across Ecuadorian ecore-
gions. Leveraging satellite data may help anticipate 

heat stress in school students; therefore, we recom-
mend incorporating these freely available data into 
planning and decision-making. Further research 
could replicate this method using a larger sample 
of schools in Ecuador and in other countries.

Although preliminary, our results indicate an 
urgent need to implement changes in school infra-
structure to reduce heat stress levels in the Coast 
region and exposure to solar radiation in the Andes 
region of Ecuador. Despite fiscal constraints 
(Central Bank of Ecuador 2024), focused interven-
tions, such as increasing green cover, could be 
a cost-effective way to improve school environ-
ments, promoting better health and learning 
outcomes.
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Data availability
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The Google Earth Engine script to download the satellite 
data and all downloaded data are available at https://github. 
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Geolocation information
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−1.7929665 and Longitude: −78.1368875.
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