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Abstract: Urban evolution becomes a space-transforming agent capable of changing Normalised Difference Vegetation Index 
(NDVI) and Land Surface Temperature (LST) emissivity reflectance on the land surface. Therefore, this study identifies NDVI and 
LST variations locally, but it can also be applied in other cities on a global scale. In general, it aims to analyse NDVI and LST on 
surface areas of avenues and urban streets of Sector 1, located in downtown Passo Fundo, in the southern region of Brazil, from 2013 
to 2020. Methodologically, treated Landsat 8 satellite images were used to obtain NDVI and LST variations in this study. 
Subsequently, data of 80 points in the avenues and streets of Sector 1 were collected over a distance of 100 meters spaced from each 
point. These data were statistically analysed concerning the dispersion of NDVI and LST from 2013 to 2020. The results revealed a 
strong interaction between NDVI and LST, demonstrating the need to conserve urban vegetation to improve temperature, which 
positively favours urban ambience indexes. 
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1. Introduction 

Constant transformations that occur in urban areas 

result from human activities over geographic space 

and modify land uses, thus providing different types 

of urban ambience [1]. Such changes in the amount of 

vegetation can cause variation in urban temperature 

[2]. In this case, urban ambience can be defined as the 

relationship between physical dynamics and 

typological variants of the built environment, 

including urban streets and avenues [3]. 

These urban streets and avenues present 

constructive materials of different shapes and formats 

that reflect emissivity temperature differently [4]. 

Thus, land surface reflectance is considered a critical 

                                                           
Corresponding author: Alcindo Neckel, Dr. in geography, 

research fields: technology, project management in the built 
environment. 

 

and fundamental element that analyses the influence 

of soil cover concerning the amounts of sunlight 

absorption [4]. In this way [5], it is essential to 

recognise the properties that make up the land surface 

to identify impacts and behaviour over time as they 

present constant variations. 

For example, it is possible to highlight some factors 

that may interfere in the analysis of reflectance 

emitted on the land surface. Thus, it can be considered 

the concentration of the type of aerosols, the cloud 

cover and also the humidity in the atmosphere, which 

can limit information during the capture of satellite 

data and negatively interfere in the land surface 

analysis of the Normalised Difference Vegetation 

Index (NDVI) and Land Surface Temperature (LST) 

[4-6]. 

NDVI is a metric widely applied to assess 

vegetation index variations and uses Remote Sensing 
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techniques [6]. NDVI is calculated by the reflectance 

of red and near-infrared (NIR) bands, obtained from 

the reflectance information of land surface related to 

biophysical parameters, including studies of urban 

vegetation [7]. 

In this context, LST becomes one of the main 

parameters for analysing variations in emissivity 

temperature on land surface and demonstrates results 

that originate from environmental changes in the 

urban environment [8]. Therefore, the variations of 

land temperature using Remote Sensing can identify 

the presence of colour patches in areas of extreme 

urban density [9]. Thus [10, 11], the possibility of 

collecting LST radiation measurements transferred 

from the soil to the air stands out. This varies 

according to several conditions, either by gases 

resulting from human processes generated by burning 

fossil fuels in motor vehicles or industrial processes. 

Remote sensing application techniques offer new 

opportunities to assess NDVI and LST characteristics 

in urban areas by using digital processing of satellite 

images to monitor vegetation and emissivity 

temperature of land surface for the realisation of 

temporal analyses in the geographic space [4-6]. 

Therefore, it is perceived the existence of numerous 

satellite platforms orbiting the earth capable of 

obtaining TIR (thermal infrared) data [7, 12]. 

Landsat 8 used in this study is an American Earth 

observation satellite that provides thermal data in high 

spatial resolution, with details of sharp spectral 

colours [12]. The interpretation of such images is a 

direct source for understanding environmental 

phenomena and enabling more strategic planning in 

cities on a global scale [12]. 

Therefore, this study seeks to possibly understand 

variations of NDVI and LST complex parameters in 

the urban environment, which in addition to affecting 

the urban environment, directly influence the quality 

of life of the population. When studying these 

temporal, geospatial variations, one understands the 

instances of transformations of urban space and the 

evolution of current urban landscapes and their 

temperature dynamics in areas with an intense flow of 

motor vehicles [13, 14]. This study also highlights the 

use of technologies that can contribute to surveys and 

evaluations in cities globally, making it possible to 

propose suggestions for appropriate use for urban soil. 

The general objective of this study is to analyse 

NDVI and LST on surface areas of the urban streets of 

the census sector 1, in downtown Passo Fundo 

(located in the southern region of Brazil) from 2013 

and 2020. 

2. Materials and Methods 

The city of Passo Fundo is located on the latitude 

28°15'46" S and the longitude 52°24'25" W and is part 

of the state of Rio Grande do Sul (Southern Brazil) 

[15]. Passo Fundo has a population estimated at 

203,000 people, a territorial area of 783,421 km2, 

divided into 36 neighbourhoods and 22 municipal 

sectors. Sector 1 of Passo Fundo consists of this study 

site and corresponds to the city’s central area, which is 

characterised by the presence of avenues and streets 

with intense flows of motor vehicles. 

This study used images collected from the Landsat 

8 satellite on April 8, 2013 (the satellite began to 

operate) and on March 17, 2020. These images were 

redesigned from Datum origin WGS 84/UTM zone 

22N to Sirgas 2000 UTM/zone 22S. It should be 

pointed out that they were provided by the United 

States Geological Service (USGS) platform in 

coordination with National Aeronautics and Space 

Administration (NASA), which operates and distributes 

data from the Landsat 8 satellites. This study highlights 

that the Landsat 8 satellite images from 2020 are 

unprecedented. The unprecedented potential of this 

study demonstrates that despite its local character, it 

can be applied as the analysis methodology in other 

cities on a global scale, with satellite images without 

cloud shadows and cold fronts. 

The analysis of vegetation levels by emissivity was 

conducted through the NDVI method, using Bands 4 
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and 5 (NIR) after using vegetation proportion 

calculations [16-18]. However, in LST analyses, band 

10 (TIRS) was used [16-18]. Subsequently, by using 

mathematical formulas [16-18] applied to the raster 

calculator in QGIS, it was possible to obtain the 

representation and analysis of NDVI and LST 

variations in Sector 1, the city of Passo Fundo. 

After the NDVI and LST application, an analysis of 

Sector 1 by station map was carried out based on the 

Triangular Irregular Network (TIN) distribution 

method, which consists of the distribution of points 

based on the formation of a grid in the triangle shape, 

applied to the studied urban surface [19]. 

The data obtained in the TIN collection enabled 

Pearson’s correlation analysis, which was generated in 

JASP 0.13.01, available free of charge for technical 

and scientific uses. Thus, values for “r” between 1 to 

-1 were generated, with values close to zero (0). If it is 

close to 1, the increase in one variable results in the 

increase of the other. While, if it is close to -1, the 

increase in one variable causes the reduction of the 

other. As for the interpretation, the correlation 0.00 to 

0.19 is considered very weak, 0.20 to 0.39 is weak, 

0.40 to 0.69 is moderate, 0.70 to 0.89 is strong, and 

0.90 to 1 is very strong [20, 21]. 

3. Results and Discussion 

NDVI and LST results in Sector 1 in downtown 

Passo Fundo demonstrated extreme changes from 

2013 to 2020 (Fig. 1). These changes in NDVI and 

LST allow a more precise understanding of the 

physical dynamics of vegetation and temperature on 

the land surface, considering the degree of emissivity 

captured by the satellite [16, 22]. 

The NDVI of Passo Fundo decreased from 2013 to 

2020. Moreover, it indicates the loss of urban 

degradation in Sector 1 (Fig. 1), which is responsible 

for obtaining a better urban environment, thus 

positively contributing to the quality of life of the 

urban population [1]. In addition, when considering 

the segments of these analysed avenues and streets, it 

is observed that in addition to being commercial 

regions, they have a high residential density. 

In this context, the accumulation of lower 

temperatures from 2013 to 2020 is noticed in the 

analysis of the LST. It may be aggregated to instances 

of an increasing number of buildings during this 

timeline. It directly interfered with the reflectance 

levels, as some construction materials absorb heat and 

the height of the buildings that prevent some sun rays 

from shining on these avenues and streets of Sector 1, 

which in turn decreases the reflectance levels in the 

analysed land surface (Fig. 1). 

Table 1 shows the descriptive statistics applied to 

the data collected in 80 points sampled in Sector 1. In 

comparison, the standard deviation in 2013 presented 

a value of 2.12, and in 2020 the value decreased to 

1.95. It means there was a decrease in land surface 

heterogeneity. This change is associated with the 

transformation process in the use and occupation of 

urban land [16-18]. Consequently, when considering 

changes in urban land use, it is clear to observe the 

presence of heat patches in isolated points, which 

occur systemically with high LST reflectance 

temperatures and act as foaming agents for 

impermeable surfaces [23]. 

Table 2 presents the statistical correlation analysis 

applied to the NDVI and LST indexes from 2013 to 

2020. The 2013 and 2020 NDVI indexes reveal a strong 

correlation as there is a dependency between these 

variables. These data demonstrate the improvement of 

the vegetation in Sector 1. However, the other 

variables present a moderate correlation. Thus, it can 

be stated that the relationship between LST and NDVI 

is significant, as shown by the p-value. 

As for the NDVI, Sector 1, we presented an average 

value of 0.133541 in 2013, whereas in 2020, the value 

corresponding to 0.13270. Through the analysis of 

these data, it is possible to perceive a bit significant 

reduction. This analysis can be justified as this is a 

consolidated area of the city, where the present 

vegetation cover undergoes constant changes. It can 
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be noticed that the city of Passo Fundo needs a 

specific plan for the management of the green network 

through the evaluation of places for possible urban 

interventions. 
 

 
Fig. 1  Representation of NDVI and LST levels of the avenues and streets of Sector 1 in the city of Passo Fundo from 2013 to 
2020. 
 

Table 1  Representative statistics of NDVI and LST collected from 80 points sampled from 2013 and 2020. 

Variables LST-2020  LST-2013  NDVI-2020  NDVI-2013  

Valid 80 80 80 80 

Missing 0 0 0 0 

Mean 29.87716 27.01770 0.13270 0.13541 

Std. deviation 1.95961 2.12804 0.08216 0.08597 

Minimum 26.98981 23.57733 0.01237 -0.01071 

Maximum 34.23767 31.81711 0.33939 0.32684 
 

Table 2  Pearson’s correlations applied to the data collected in 80 points sampled in this study. 

Variable Pearson’s r/p-value LST-2020 NDVI-2020 NDVI-2013 LST-2013 

1. LST-2020 
Pearson’s r  -  

p-value  -  

2. NDVI-2020 
Pearson’s r  0.64776  -  

p-value  8.34222e-11  - 

3. NDVI-2013 
Pearson’s r  0.61783  0.87071  -  

p-value  1.02701e-9  9.37980e-26  -  

4. LST-2013 
Pearson’s r  0.68099 0.54214 0.60538  -  

p-value  3.63745e-12  2.05843e-7 2.70513e-9  -  
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Fig. 2  Analysis of dispersion applied to the data of 80 points sampled in the study. 
 

Through Fig. 2, it can be observed that the “r” 

values were positive and generated an increase in 

NDVI, which means that there is an increase in the 

LST values. Regarding NDVI, values from 0.00 to 

0.20 are analysed, with smaller dispersion and 

temperatures ranging from 27 to 31 °C. In this context, 

the NDVI varied from 0.20 to 0.35, generating higher 

dispersion and temperatures (30 to 35 °C). Thus, it can 

be said that lower NDVI indexes point to densification 

of the built area, which represents shaded and colder 

areas when compared to the vegetation zones 

generated by the NDVI. 

The need to apply projects that enhance recovery of 

the urban vegetation for the normalisation of the urban 

temperature of the land surface was observed through 

the NDVI and the LST analyses. Thus, NDVI and 

LST analyses can serve as technical and highly 

scientific tools for analyses that can improve the built 

environment [16, 24]. 

4. Conclusion 

This study analysed NDVI and LST on surface 

areas of the avenues and urban streets of Sector 1, in 

the city centre of Passo Fundo, from 2013 to 2020. It 

highlighted the importance of using Remote Sensing, 

which allowed collecting data demonstrating the 

decrease in urban vegetation, which significantly 

interferes in emissivity temperature variations. 

Thus, this study suggests that public policies that 

guarantee conservation and recovery of urban 

vegetation should be designed, not only for the city of 

Passo Fundo but also on a global scale, as the urban 

ambience needs improvements favouring the quality 

of life of the urban population. 
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