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Analysis of urbanization in the city of Barra do Bugres/MT based on the
suppression of vegetated areas using remote sensing
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ABSTRACT

With the advent of the implementation of the University of the State of Mato Grosso - UNEMAT in Barra do Bugres -
MT, the city began to house the university population, resulting in the suppression of vegetated areas during its
process of intense urbanization. Urbanization triggers changes in land use and land cover, thus generating impacts on
the relationships between energy cycles on the surface. Thus, the general objective of this research was to analyze
the urbanization of Barra do Bugres-MT from the space-time relationship of the surface temperature and the
vegetation index (NDVI) through TM (Thematic Mappes) images from the Landsat 5 sensor in the years 1987 and
2010. Analyzing the surface temperature distribution, it was found that the highest values were concentrated in the
north and east portions, more densely urbanized portions. The lowest NDVI values were found in the eastern portion,
where there is greater urban density. However, the highest NDVI values were found in regions of the western portion,
where despite the greater suppression of vegetated areas from 1987 to 2010, lower urban density and greater
presence of native vegetation are observed. The use of remote sensing and NDVI proved to be a viable tool for
analyzing the urbanization process in Barra do Bugres-MT between the years of study.
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1 INTRODUCTION

The growth of cities is an inevitable process and will probably be irreversible, it is
estimated that by 2030 more people will have left rural areas. The highest growth rates are in
developed or developing countries. It is estimated that by mid-century the total urban
population of these countries will more than double, rising from 2.5 billion in 2010 to 5.3 billion
in 2050 (UN, 2023).

Rapid spatio-temporal changes in land use and cover in urban environments have
major impacts on the relationships between energy cycles on the surface. The main factor that
contributes to these changes in surface characteristics is the replacement of vegetation by
artificial materials, such as asphalt and concrete (OLIVEIRA et al., 2013).

Due to the extent of urban areas and the difficulty of monitoring physical processes
using in situ instruments, sensors installed on satellites provide quantitative data on physical
space at spatial and temporal resolutions. The use of images through remote sensing constitutes
an important tool for analyzing and studying climate change. In urban areas, they are mainly
used in relation to land use and coverage, as they make it possible to estimate parameters such
as surface temperature, surface albedo and vegetation indices (SANTANA et al. 2010; SOUZA et
al. 2016).

Surface temperature is one of the main data that can be estimated from thermal band
images. The relationship between surface temperature and vegetation density is a growing
study in the field of remote sensing (XIAN & CRANE, 2006; WENG & LU, 2008).

The state of Mato Grosso had significant population growth in the 1970s, leading to an
increase in studies on inferences of urbanization in the microclimate. In the municipality of Barra
do Bugres, its economic base had a great influence on the urban scenario. With the installation
of the State University of Mato Grosso — UNEMAT, the city began to house the university
population and thus occupy the northwest portion of the city, resulting in changes in the urban
environment such as removal of vegetation and use of urban materials (CARIGNANI et al ., 2008;
SANTOS et. al., 2013).
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Therefore, the general objective of this research was to analyze the urbanization of
Barra do Bugres-MT based on the spatio-temporal relationship of surface temperature with
normalized vegetation index (NDVI) using TM (Thematic Mappes) images from the Landsat 5
sensor. in the years 1987 and 2010.

2 MATERIALS AND METHOD
2.1 Study area

The municipality of Barra do Bugres (figure 1), with coordinates of latitude 15°04'21"
S and longitude 57°10'52” W, is located in the state of Mato Grosso, 160km away from the
capital, Cuiaba (figure 1). The regional climate according to the Képpen classification is Aw,
which represents a semi-humid tropical climate, with two well-defined seasons, a dry season
(May-September) and a rainy season (November-April). Average annual temperatures range
between 25°C and 26°C (SOUZA et al., 2015).

Figure 1 - Location of the urban area of Barra do Bugres, Mato Grosso, Brazil.
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The municipality of Barra do Bugres has had several changes in its economic base over
time, influencing the urban scenario considerably. With the opening of MT-343 in the 1970s, the
city began to be divided in half, separating the center and the outskirts. After the
implementation of a plant in 1980, with the industrialization of sugar cane, the city began to
attract a large amount of labor and occupy the northern portion of the municipality, towards
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Tangara da Serra, whereas previously, the The largest urban concentration was on the banks of
the Bugres river (BARRA DO BUGRES, 2018).

The city hall, which for several years was located on the riverbank, was transferred to
the current city center in 1988, thus marking the occupation of the eastern portion of the
municipality, intensified in 1994 with the installation of the UNEMAT university campus.

2.2 Satellite Images

For the development of this study, images obtained from the Landsat 5 satellite (Land
Remote Sensing Satellite), TM sensor (Thermatic Mapper), orbit 227, point 070, with spatial
resolution of 120 m for bands 1, 2, 3, 4 were used., 5 and 7, and 120 m for band 6, through the
ESPA platform (https://espa.cr.usgs.gov/).

The images obtained were the Surface Temperature - ST and Normalized Difference
Vegetation Index - NDVI obtained for Julian days 309/1987 (hot-humid period - HH), 213/1987
(hot-humid period dry - HD), 116/2010 (hot-humid period - HH), 164/2010 (hot-dry period - HD)
of the urban area of the municipality of Barra do Bugres-MT.

2.3 Data Analysis

To analyze the variance of surface temperature and NDVI values in the hot-dry
and hot-humid periods in the two years studied, ten points were empirically selected
(figure 2).

Figure 2 — Location of data extraction points in the urban area of Barra do Bugres.
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Five points represent built area and five points represent vegetated area, with
coordinates in UTM according to table 1.
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Table 1 - UTM coordinates of the points studied.

Point Longitude Latitude Soil cover
1 480180 8334462 vegetated area
2 480503 8334806 vegetated area
3 480035 8334657 vegetated area
4 481423 8334131 vegetated area
5 479099 8332544 vegetated area
6 478989 8334004 built area
7 480862 8334333 built area
8 480658 8333552 built area
9 478455 8333718 built area
10 481162 8334727 built area

In order to improve the classification in the NDVI and TS maps, the Sturges rule was
used. This method was chosen due to its suitability for the most varied sample sizes. However,
it has the purpose of determining the number of classes and the interval in each one (SPIEGEL,
1993).

Using the surface temperature and NDVI values obtained at the points, boxplot graphs
were created, thus presenting the amplitudes and differences between soil covers and periods.
As well as the graph of the relationship between NDVI and surface temperature together with
Pearson correlation statistical analysis (p-value <0.001).

3 RESULTS / DISCUSSIONS
It was possible to observe that in both classes, that is, vegetated area and built area,

the NDVI remained at higher values in the hot-humid period, as shown in Table 2.

Table 2 — NDVI and TS values related to the hot-dry (HD) and hot-humid (HH) periods between the study years
according to soil cover.

Year Period Soil cover NDVI ST

1987 Whole year Total 0,52+0,08 22,7+0,6
1987 HH Built area 0,41+0,04 23,6%0,5
1987 HH Vegetated area 0,68+0,08 22,310,7
1987 HH - Total - 0,55+0,09 23,0+0,6
1987 HD Built area 0,3540,05 23,740,6
1987 HD Vegetated area 0,64+0,12 21,1+1,1
1987 HD - Total - 0,50+0,11 22,4410
2010 Whole year Total 0,42+0,10 26,3+1,5
2010 HH Built area 0,2810,05 31,140,3
2010 HH Vegetated area 0,77+0,02 27,9+0,7
2010 HH - Total - 0,52+0,15 29,5+1,0
2010 HD Built area 0,21+0,02 23,810,4
2010 HD Vegetated area 0,42+0,04 22,310,1
2010 HD - Total - 0,32+0,07 23,0+0,5

Observing the values for the year 1987, the built area had an increase of 41% in the
NDVI value between the hot-dry and hot-humid periods, while the vegetated area showed an
increase of 2% between the periods. For the year 2010, the built area had an increase of 0.03%
between periods while the vegetated area had an increase of 23% in its NDVI value between
periods.
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Among the years studied, there was an increase of 4% in the hot dry period and a
decrease of 30% in the hot-humid period in the built area. However, the vegetated area showed
a decrease of 8% in the hot-dry period and an increase of 10% in the hot-humid period (figure
3).

Figure 3 —Boxplot NDVI (normalized difference vegetation index) and ST (Surface Temperature) in built areas and
vegetated areas in different periods in 1987.
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In the hot-dry period of 2010, it was possible to observe a decrease in the minimum
NDVIvalue of the vegetated area. This is due to the fact thatin the hot-dry period, the vegetation
has a lower density, which can become an area of exposed soil, with an approximate value of
0.40, classified by Chen et al. (2006) as exposed soil.

The data found allowed us to observe that the surface temperature in both classes and
periods showed a lower thermal amplitude in 2010 when compared to 1987. The built area
presented higher values than the vegetated area (figure 4).

Figure 4 — Boxplot NDVI and ST in built areas and vegetated areas in different periods in 1987 and 2010.
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In 1987, the built area had a 5% decrease in ST between the hot-dry and hot-humid
periods, while the vegetated area showed an increase of 5% between the periods. For the year
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2010, the built area had an increase of 13% while the vegetated area had an increase of 10% in
its ST value between the periods.

Considering the years studied, it was possible to observe in the built area an increase
of 32% in ST in the hot-humid period and 12% in the hot-dry period. While the vegetated area
increased by 18% and 25%, in the hot-dry period and hot-humid period, respectively. Through
the maps it was possible to observe the spatialization of surface temperature that follows the

types of land use and occupation (figure 5).
Figure 5 — Spatial distribution of surface temperature (°C) (A) 1987 — HD (B) 1987 — HH (C) 2010 — HD (D) 2010 - HU.
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The hot-dry period of 1987 presented a more heterogeneous distribution compared
to the hot-humid period (figure 5B), but with a thermal amplitude of 10°C while the hot-humid
period had an amplitude of 4.9°C. In this way, it was possible to observe the influence of the

river, located to the south of the municipality, on the surface temperature, it was the portion
that presented the lowest temperatures in both periods.

In the hot-humid period, the highest surface temperature is concentrated in the
northeast and east portion of the municipality, where the most urbanized area is located,
corroborating several studies (COSTA et al. 2010; FRANCA & GOMES, 2014).

In 2010, it was possible to observe warming compared to 1987 in both periods, and
the heterogeneity of surface temperature distribution, due to the growth of the city and the use
of different materials covering the soil that exert influence on a microclimatic scale (SOUZA et
al 2016; LUCENA et al. 2012).
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In the hot-dry period (figure 5C) the thermal variation in the urban environment was
9°C. While in the hot-humid period the variation was 8.5°C. The greatest thermal amplitudes
were found in the northern and eastern portions, more urbanized regions, justified by the
greater heterogeneity of surfaces, with different soil covers and different densities and
arrangements (ZHOU et al. 2014).

Regarding NDVI, it was possible to observe in 1987 the highest values in the hot-humid
period throughout the distribution of the municipality, mainly in the southwestern portion,
where there is native vegetation. This is due to the photosynthetic absorption of red wavelength

electromagnetic radiation (BEZERRA et al. 2014; ALBUQUERQUE et al. 2014) (figure 6).
Figure 6 — Spatial distribution of NDVI (A)- 1987 — Hot-dry period (B) 1987 — Hot-humid period (C) 2010 — Hot-
dry period (D) Hot-humid period.
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The suppression of vegetated areas was found throughout the municipality between
1987 and 2010, despite the eastern portion being the area with the highest level of urbanization,
it is noteworthy that in the western portion there was greater suppression of vegetated areas.

The implementation of constructions increased the areas with low NDVI values, due to
the removal of the vegetated cover and its replacement with urban structures, such as asphalt
and concrete. Impermeable surface materials influence the rise in temperature through the
energy balance, where all energy absorbed by the surface will be stored in the materials in the
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form of heat, thereby increasing the surface temperature, which was proven in the western
portion of the municipality (GABOR & JOMBACH, 2009).

Using the scatter plot, it was possible to verify the inverse correlation between the
NDVI and Ts values. The increase in the NDVI value causes a decrease in the surface temperature
value (figure 7).

Figure 7 — Relationship between NDVI and surface temperature (ST).
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In the hot-humid periods for the years analyzed, a greater concentration of data is
observed, due to the greater concentration of water vapor in the atmosphere compared to the
hot-dry period, acting as a thermal regulator. It should be noted that the choice of points where
data extraction occurred was based on satellite images from the year 2010, therefore, there is
no way to ensure that in the year 2010 the locations considered areas built in the period 1987
could be empty land or even areas of low vegetation. This explains the lower correlation (0.655)
found in the hot-humid period of 1987.

The normalized difference vegetation index (NDVI) estimated in this research were
similar to the values estimated for locations in Cerrado-Amazon transition areas, in which case,
the values were close to 0.7 and for Cerrado (RISSO et al., 2012). NDVI can be used as a
parameter for the spatio-temporal dynamics of land use and cover, due to the high sensitivity
of detecting visible and infrared radiation on the surface (BEZERRA et al. 2014).
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4 FINAL CONSIDERATIONS

The Landsat 5 satellite proved to be a suitable tool for analyzing the spatial distribution
of surface temperature and NDVI. The NDVI proved to be a great instrument for observing the
urbanization process in Barra do Bugres — MT between the years of study.

Analyzing the distribution of surface temperature, it was found that the highest values
were concentrated in the northern and eastern portions, the most densely urbanized portions.
The lowest NDVI values were found in the eastern portion, where there is greater urban density.
However, the highest NDVI values were found in regions in the western portion, where despite
there being greater suppression of vegetated areas from 1987 to 2010, this is still where there
is lower urban density and greater presence of native vegetation.

Therefore, the methodology used in this research to analyze the urbanization process
that occurred in the municipality, due to population growth influenced by the installation of the
UNEMAT campus in Barra do Bugres, was satisfactory. Therefore, it allowed the observation of
high surface temperature values in the most urbanized portions, due to the increase in
impermeable materials and low NDVI values in portions with a decrease in vegetated areas.
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