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ABSTRACT

Bolivia’s cities continue developing among size and population. Metropolitan areas have a significant
impact on Urban heat islands (UHI's) affecting environmental conditions and human comfort.
Vegetation indicators are widely used to estimate the relationship between Land Surface Temperature
(LST) and vegetation coverage based on remote sensing. Therefore, this research uses Google Earth
Engine to demonstrate a multitemporal correlation between land cover change and LST in the three
most important cities of Bolivia using NDVI and EVI indexes. This study used MODIS, Landsat and
ERA satellites. The results show that an increase of LST and air temperature when there is a decrease
in NDVI and EVI depending on the geographical location.

Keywords: Urban Heat Island, sustainable development goals, Google Earth Engine, Land Surface
Temperature.

1 INTRODUCTION

More than 60% of Bolivia’s population lives in urban areas, where La Paz, Santa Cruz de la Sierra and
Cochabamba are the most populated cities in the country (INE, 2015). Urbanization process replaced natural
vegetation to artificial surface. Land surface temperature (LST) is the skin temperature of the ground. It is a
fundamental element for monitoring vegetation, surface energy change and climate change (Kayet & et.al,
2016), which is commonly used to quantify UHI's. UHI's can affect human health and comfort, alter
environmental conditions and increase the energy consumption (Peng & et.al, 2016). Google Earth Engine
(GEE) is a public computing platform that allows users to run geospatial analysis on its infrastructure without
downloading any information. The main purpose of this study was to demonstrate the correlation between land
cover change and land surface temperature (LST) using vegetation indexes with GEE in the cities mentioned

2 MATERIALS AND METHODS

The study region was on the metropolitan areas of La Paz, Cochabamba and Santa Cruz from 2001 to 2019.
These cities are located in different regions (high plateau, plain and valley respectively) and environmental
conditions. GEE was used to pre-process and process data. The LST was computed using the Statistical Mono-
Window Algorithm (Ermida & et.al, 2020) using Landsat satellites 5,7,8. Emissivity was calculated with ASTER
GED satellite, then we figured atmospheric data applying NCEP/NCAR data. The data from the Landsat series
are considered consistent and inter-calibrated, and all bands have a 30 m spatial resolution (Ermida & et.al,
2020). Enhanced Vegetation Index (EVI) and Normalized Difference Vegetation Index (NDVI) were acquired
from MODIS Terra Vegetation Indices whose resolution is 250 m. ERA5 dataset was acquired to obtain average
air temperature at 2m height (monthly average). Overpass times of MODIS Terra and Landsat series are daily
and every 16 days, respectively. MODIS Terra and ERAS datasets in GEE have the quality of being ready to
obtain the information that is needed without previous algorithm or other process. It only necessary select the
band and filter the date.

3 RESULTS AND DISCUSSION

A graphic was executed for LST, air temperature, NDVI and EVI over the years (2001-2019). Lineal regression
was performed for LST and air temperature. For LST, in La Paz we calculated a 0.15°C increase per year; in
Santa Cruz 0.17 °C per year and in Cochabamba 0.11°C per year. For air temperature, on the other hand, in
La Paz and Cochabamba we computed a 0.04 °C per year; in Santa Cruz 0.03°C per year. NDVI and EVI
indices were classified according to the scale of values proposed by Bahadur in 2018, where 0 mean water
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bodies and 1 is abundance of vegetation. La Paz presented in average 0.12 NDVI which means a bare
vegetation or barren rocks. Santa Cruz in average had 0.32 and Cochabamba with 0.21 which represent shrubs
and grasslands or senescing crops. Results show an increase of LST and air temperature when there is a
decrease in NDVI and EVI indices in most of the years. Both indicators were considered in order to better
understand the relationship between LST and land cover, in terms of vegetation abundance. Each city has
different results such may have occurred due to the diverse geographic locations and environmental conditions.
The increase in LST in cities may be due to the growth of built-up areas, which replace the current natural
vegetation cover. La Paz has the lowest vegetation coverage due to it is located in a plateau region with an
altitude of 3600 meter above the sea.
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Figure 1. Time series of LST, air temperature, NDVI and EVI from 2001 to 2019

4  CONCLUSIONS

This study is focused on the relationship among LST, air temperature, NDVI and EVI over the time using GEE.
NDBI and EVI has an inverse correlation with LST in the three cities. It is observed that LST has increased over
the years on the metropolitan areas. Assessment of LST provides important information for surface energy, land
cover change and climate change. In addition, these indexes are useful to analyze time series due to the facility
to calculate and precision in the results no matter the geographical areas.We suggest to compare these spatial
measurements with in situ ones to accurate it.
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