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ABSTRACT

Studying wildfires is crucial to understand the factors that influence their occurrence, enabling effective monitoring and
the mitigation of their environmental impacts. The main objective of this study was to monitor the variation in land surface
temperature in a region of the Amazon biome, more specifically in the municipality of Porto Velho, for the years 2015
and 2018. The secondary objectives were: calculation of spectral indices and surface temperature, identification of classes
of land use and occupation maps and finally, quantification of areas in the synthetic maps of land use and occupation and
surface temperature. To conclude, the results of the analysis of thematic maps and index maps showed that urbanized
areas and exposed soil had a higher temperature than the other classes, indicating a correlation between temperature and
land use. Furthermore, the differentiated burning index by normalized ratio (ANBR) obtained the best performance in
identifying burned areas. In short, environmental degradation and the presence of asphalt surfaces also contributed to the
increase in soil temperature.

Keywords: Remote Sensing. Spectral Indices. Surface Temperature. Termal Sensors.

Monitoramento da variacdo de temperatura de superficie terrestre em uma
regido do bioma Amazonia

RESUMO

Estudar os incéndios florestais é fundamental para compreender os fatores que influenciam sua ocorréncia, permitindo
um monitoramento eficaz e a mitigagdo de seus impactos ambientais. O presente estudo teve como objetivo principal
monitorar a variagdo de temperatura de superficie terrestre em uma regido do bioma Amazonia, mais especificamente no
municipio de Porto Velho, para os anos de 2015 e 2018. Os objetivos secundarios foram: calculo de indices espectrais e
temperatura de superficie, identificacdo das classes de mapas de uso e ocupacédo do solo e por fim, quantificagdo das areas
nos mapas sinteses de uso e ocupagdo do solo e de temperatura de superficie. Para concluir, os resultados das analises dos
mapas tematicos e mapas de indices mostraram que areas urbanizadas e de solo exposto apresentaram temperatura mais
elevada que as demais classes, indicando uma correlacdo entre a temperatura e o uso do solo. Além disso, o indice
diferenciado de queima por razdo normalizada (INBR) obteve o melhor desempenho na identificacdo de areas queimadas.
Em suma, a degradacdo ambiental e a presenca de superficies com asfalto também contribuiram para o aumento da
temperatura do solo.

Palavras-chave: Sensoriamento Remoto. indices Espectrais. Temperatura de Superficie. Sensores Termais.
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Introduction

Brazil is home to the greatest biodiversity
in the world, represented by six distinct terrestrial
biomes. These biomes consist of groups of
ecosystems that share similar characteristics in
terms of fauna and flora. Among them, the Amazon
biome is notable for its ability to harbor a wide
variety of organisms and dense, diverse vegetation.
Additionally, the Amazon biome contains the
largest tropical rainforest in the world, covering
approximately 4,196,943 km?, which accounts for
more than 40 percent of the national territory.
Despite the importance of this region, recurrent
fires pose a significant threat, directly impacting
existing biodiversity, risking the extinction of
various species, and affecting the lives of the local
population (Instituto Brasileiro de Florestas [IBF],
2023).

However, this region faces increasing
threats, with wildfires and forest fires being one of
the main problems. These events, which can have
natural or anthropogenic origins, result in
ecosystem degradation, putting the survival of
numerous species at risk and compromising the
quality of life of local populations. Additionally,
fires in the Amazon contribute to the emission of
greenhouse gases, intensifying global warming and
the impacts of climate change. The frequency and
intensity of wildfires may be influenced by a
variety of factors, such as deforestation, logging,
and prolonged drought periods, which are often
linked to improper land use and climate change
(GOMES et al, 2024; IPCC, 2024).

The main factors driving fires in the
Amazon include deforestation for agricultural
expansion, inadequate farming practices, illegal
logging, prolonged droughts exacerbated by
climate change, and land grabbing, which uses fire
as a tool to "clear" forested areas. Additionally,
human activities such as infrastructure
development and irregular settlements often
contribute to fire ignition, while forest degradation
increases vulnerability to fire. The combination of
these factors creates a vicious cycle that intensifies
biodiversity loss, undermines ecosystem services,
and worsens socio-environmental impacts in the
region (Alencar, et al., 2015; Verbeke, et al., 2018;
Gomes et al, 2024; Hahn et al., 2014; IPCC, 2024).

In this context, environmental monitoring
becomes essential, with an emphasis on the use of
technologies that allow for the assessment of the
impacts of wildfires and their relationship with
land use and occupation. This issue has been a
significant concern for environmental scientists for
two primary reasons: first, the Amazon Forest is

vast, making its misuse by poachers and loggers
challenging to control; second, forest fires can
spread rapidly, leading to a tremendous loss of
biodiversity, which is exceedingly difficult to
recover.

In this context, the digital processing of
remotely sensed images has emerged as a vital tool
for monitoring land use changes and identifying
potential sources of wildfires within days when
satellite imagery is utilized. For instance, Castillo
et al. (2020) effectively used medium-resolution
Landsat-8 and Sentinel-2 imagery to monitor
wildfires in the Peruvian Amazon. Their study
employed indices such as the MIRBI (Mid-Infrared
Burn Index), NBR (Normalized Burn Ratio),
NBR2 (Normalized Burn Ratio 2), and NIR (Near-
Infrared), along with post-fire values of these
indices, to track changes and assess fire impacts.

Similarly, Santana et al. (2018)
demonstrated the utility of low-resolution
standardized MODIS (Moderate Resolution
Imaging Spectroradiometer) time series for
monitoring wildfires and deforestation in Novo
Progresso, Para. Their study utilized indices such
as BAIM (Burn Area Index for MODIS), GEMI
(Global Environmental Monitoring Index),
MIRBI, NBR, NBR2, and NDVI (Normalized
Difference Vegetation Index). Despite the lower
spatial resolution of MODIS, their results aligned
closely with those derived from Landsat-8 imagery,
showcasing the effectiveness of consistent time
series data in wildfire and land use monitoring.
Nolde et al. (2021) further highlighted the
consistency of remote sensing indices across
different spatial resolutions by combining MODIS
with other sensors in their analysis.

Burn-related indices, including NBR,
NBR2, delta Normalized Burn Ratio (ANBR), and
the Normalized Burn Ratio Plus (NBR+), have
been successfully applied in diverse regions
worldwide. Examples include studies in Eastern
Australia (Nolde et al., 2021), California (Miller &
Thode, 2006), Sicily (Alcaras et al., 2022),
Sardinia (Costa-Saura et al., 2022), Sumatra
(Mayang and Angraina, 2022) and Siberia
(Delcourt et al., 2021). These studies demonstrate
that normalized burn indices offer a robust solution
for monitoring human activities, particularly those
linked to forest clearing via fires, regardless of
geographic  location (van Gerrevink and
Veraverbeke, 2021). When combined with
traditional indices like NDVI and NDWI
(Normalized Difference Water Index), these
metrics provide a comprehensive view of land use
over large geographic areas, aiding
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environmentalists and policymakers in monitoring
and managing territories at risk of forest fires.

Moreover, as with many anthropogenic
activities, deforestation—whether due to illegal
logging or burning—tends to follow identifiable
patterns  that can be  detected using
geotechnologies. Daldegan et al. (2014) combined
remote sensing imagery with Geographic
Information Systems (GIS) to produce a supervised
classification of fire recurrence in the Brazilian
Cerrado, identifying trends in specific zones.
Similarly, Reis and Leal (2020) observed
comparable patterns in the Amazon, particularly in
the municipality of Labrea, Amazonas, using fire
geolocation data from the PRODES (Satellite
Monitoring of Amazon Deforestation) Project.

Consequently, a combined approach that
integrates remotely sensed imagery with
geoinformation tools is consistent with recent
research for monitoring deforestation and forest
fires. This study proposes utilizing a combination
of indices, thermal data, and digital cartography
tools to monitor surface temperature, which serves
as an indicator of both forest fires and human
activities.

Therefore, the main objective of this study
is to monitor surface temperature variations in an
area located in the Amazon biome, focusing on the
municipality of Porto Velho, Rondoénia. The
specific objectives include calculating spectral
indices and surface temperatures, identifying land
use and occupation classes, and quantifying areas
through synthesis maps of land use, occupation,
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and surface temperature. The expected results
include the creation of thematic maps representing
land use and occupation classes, surface
temperature, and indices such as NDVI, NDWI,
and NBR, as well as the quantification of areas
related to the mapped classes.

By integrating these data, the study aims to
provide complementary information that helps in

understanding the interrelationships between
spectral indices, land use and occupation classes,
and surface temperature variations. This

knowledge could support conservation strategies,
impact mitigation, and sustainable management,
contributing to the preservation of the Amazon and
addressing climate change.

Based on the above, the hypothesis to be
demonstrated is that there is a correlation between
the results of specific spectral indices, land use and
land cover classes and surface temperature.

Materials and Methods

The study area is the municipality of Porto
Velho, capital of the State of Rondonia, Brazil. The
municipality is located on the right bank of the
Madeira River (Prefeitura de Porto Velho, 2023), a
tributary of the Amazon River in the northern
region of Brazil (Figure 1). The study area is part
of the Amazon biome and their geographic
coordinates are: latitude 8°45'48.81”S and
longitude 6353'49.81”W (Instituto Brasileiro de
Geografia e Estatistica [IBGE], 2023).

24w 8 TITW LR ) S8 1238w S8 1518w STU 180w

N

A

SIn50.0

Machadinho DFdeste

0008

" wade do Anari

SALAC0L

SLTH

S.CHETL

Chupinguaia
Corumbians
Colarada do Oesie

LEGENDA

Bl Area de estudo
Ronddnia
- Cabizi

SILZLEL

Figure 1. Location map of the study area. Source: cartographic base: IBGE (2021), SGR: SIRGAS 2000, UTM
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According to the Brazilian Institute of
Geography and Statistics (IBGE), the municipality
of Porto Velho has a territorial area of 34,090.952
km2. The population is estimated at 460,434
inhabitants (IBGE, 2023).

The municipality is the main access route
between Manaus (AM), Rio Branco (AC) and the
southern centre of Brazil and was founded around
1907 with the construction of the Madeira Mamoré
Railway. The process of colonising the
municipality began in 1970, stimulated by the
Federal Government's tax incentive programmes
with migrants from the South, Southeast and
Northeast of Brazil (Silva, 2010).

Porto Velho played a direct role in the
state's colonisation regime and was frequently the
site of federal government settlement projects and
mineral exploration. To this day, agriculture and
livestock remain important economic factors in the
municipality, and together with industrial activities
account for around 40% of the total GDP (IBGE,
2014).

The municipality's climate is
predominantly humid equatorial, meaning that
temperatures are high throughout the year. The
average annual temperature is approximately
25.6°C, with September being the warmest month
with an average of 26.2°C and July being the
coldest and driest month with an average of 24.6°C
(Prefeitura de Porto Velho, 2023).

The data used for the study were Landsat 8
satellite images from the collection called ‘Landsat
Collection 2 Level-1’, as they are a product of wide
accessibility and temporal availability. According
to the United States Geological Survey platform
(USGS, 2023), the images available in this
collection are radiometrically corrected and it was
necessary to carry out an atmospheric correction.
The collection chosen provides all the bands of the
OLI and TIRS sensors and features data processing
updates in terms of both geometry and radiometry.

The methodology comprised the following
steps: 1) acquisition of images and land use maps;
2) atmospheric correction of the images; 3)
conversion of the digital number of the images into
top-of-atmosphere  reflectance and  top-of-
atmosphere radiance; 4) calculation of the indices;
5) calculation of surface temperature; 6)
preparation of the land cover maps for analysis;7)
preparation of thematic maps for comparative
analysis.

The images were acquired from the
website of the USGS Earth Explorer (2023). They
were selected after defining the area of interest,
using their visual quality as a criterion, with cloud
cover of 0%. The images selected were dated

16/07/2015 and 24/07/2018. The period
established for the images was defined with the aim
of monitoring the variation in surface temperature
in two different years and identifying the existence
of a correlation with changes in the region's
vegetation cover.

The land use maps provided by the
MapBiomas project, were obtained through the
Google Earth Engine tool, using selection criteria
such as: collection, data type, period, for the study
region. The images were then saved directly to
Google Drive. In order to better understand the
land use processes in the municipality and then
examine the relationship with land surface
temperature, two land use and occupation maps
were obtained for the years 2015 and 2018.

The next steps involved atmospheric
correction and conversion of Digital Number (ND)
into top-of-atmosphere reflectance and top-of-
atmosphere radiance for the images captured by the
OLI and TIRS sensors, respectively. These
activities were carried out using the SCP (Semi-
Automatic Classification Plugin) of the free
software application QGIS v3.4. The atmospheric
correction method used was Dark Object
Subtraction (DOS), developed by Chavez IJr.
(1988). The radiometric rescaling coefficients
needed to transform ND into top-of-atmosphere
reflectance or top-of-atmosphere radiance were
obtained from the metadata files provided with the
images. The following equations were used:

p)L’:Mp*Qcal+AP (1)
Where:

pA’: is the TOA planetary reflectance value
(unitless)

M;: is the multiplicative rescheduling factor in the
metadata file
(REFLECTANCE_MULT BAND X, where X is
the band number)

Qcar: 1s the digital number (ND) for each pixel.

Ap: is the additive rescheduling factor in the
metadata file (REFLECTANCE ADD BAND X,
where X is the band number)

The TOA reflectance equation with a

correction for the sun angle is given by the formula:
__ PN PN

pk_ cos(0sz) - sen(Ose) (2)

Where:

pA: is the corrected TOA planetary reflectance.

Ose: is the solar elevation angle.

Osz: is the local solar zenith angle (calculated from

0sz = 90° - Bse).
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The spectral indices were then calculated
using the bands shown in Table 1.

Table 1: Technical specifications of the OLI sensor
— Landsat8

Spectral Bands Spectral Resolution
(um)

B3 GREEN (0,53 ym—0,59 pm)

B4 RED (0,64 pym—0,67 pum)

B5 NIR (0,85 um — 0,88 pm)
B7 SWIR (2,11 pm —2,29 pm)
Source: Adaptation of USGS (2023).

The indices calculated were the
Normalised Difference Vegetation Index (NDVI);
Normalised Difference Wetness Index (NDWI);
Normalised Burn Rate (NBR) as well as the
respective difference between pre-fire and post-fire
(dNBR). The indices were calculated using the
QGIS raster calculator applying the equations 3, 4,
5 and 6, respectively. The result was presented in a
raster file containing the values of the respective
indices stored in each cell. In order to better
visualise the results, it was necessary to reclassify
the raster file using a standard QGIS colour palette.

The calculation of the NDVI index
involves the normalised ratio between the
difference and the sum of the near infrared (NIR)
and red (RED) bands (ROUSE et al., 1973) and is
obtained from equation 3.

NVDI = NIR—RED (3)
NIR+RED

Where:
NIR: is the near-infrared band
RED: is the red band

The water normalised difference index was
designed to delineate open water environments by
automating the determination of the threshold
between water and land (terrestrial vegetation and
soils). The index is calculated using equation 4.

NDWI = GREEN-NIR (4)
GREEN+NIR

where:
GREEN: is the green band
NIR: is the near-infrared band

The NBR index was developed by Key and
Benson (2006) and consists of mapping burnt areas
by knowing the behaviour of the spectral response
in the near-infrared (NIR) and short-wave infrared
(SWIR) regions. The index is calculated using
equation 5.

NIR-SWIR

NBR = (NIR+SWIR

where:
NIR: is the near-infrared band
SWIR: is the short-wave infrared band

) % 1000 (5)

The measurement of fire severity is given
by the difference between the pre-fire NBR and
post-fire NBR (dNBR) and calculated by equation
6. To carry out this stage, two images from July
2015 and 2018 were used. A scene from July 2015
was selected to represent NBRpre and a scene from
July 2018 to represent NBRpos.

dNBR = NBRpre-ﬁre — NBRpost-ﬁre (6)

The land surface temperature (SST) was
calculated using the image corresponding to band
10 of the TIRS thermal sensor. The temperature
was calculated in Kelvin and then converted into
degrees Celsius for the years of 2015 and 2018
using the equations 7 and 8, respectively.

Lr= ML*Qcal+AL (7)

Where:

LA: is the spectral radiance value at the top of the
¢ here ( Watts )

atmosphere (77772200

M_: is the specific scaled multiplicative factor in
the metadata file
(RADIANCE_MULT_BAND_X, where X is the
band number)

Ar: is the specific scaled additive factor in the
metadata file (RADIANCE ADD BAND X,
where X is the band number)

Although the sensor offers two thermal
bands: 10 and 11, band 10 was used due to the
uncertainties associated with the calibration of
band 11, which is not recommended for this
purpose (USGS, 2015).

Te=Tk_273,15 (8)

Where:

Tc: is the brightness temperature in degrees
Celsius (°C).

Tk: is the brightness temperature in Kelvin.

The next step was the preparation of the
land cover maps, obtained using the Google Earth
Engine tool, for subsequent analyses analysis. It
was necessary to reproject them from the Northern
Hemisphere to the Southern Hemisphere. The next
step was to start reclassifying the maps, since they
contained many land use and occupation classes
that were not present in the region of interest,
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leaving only the relevant classes. This step was
carried out using the QGIS tool known as ‘table
reclassification’. The 3rd edition of the IBGE land
use technical manual was used to help determine
the new classes (IBGE, 2013).

After the reclassification, the colours of the
land use and occupation classes were standardised
using a file provided by the Mapbiomas project,
which contains the colour font codes for each of the
classes.

Likewise, a statistical report was generated
of the new classes created in the previous stage,
showing the approximate percentage of each one.
This estimate was made using the ‘r.report’ tool,
which reports statistics for raster maps, available in
the QGIS software toolbox. This tool allows the
user to set up a series of report parameters to be
applied to a raster map and creates a standard
output if output parameters is not given. The report
itself consists of two parts: a) a header section; and
b) the main body of the report

The header section of the report identifies
the name and title oft raster map(s), project,
mapset, report date, and the region of interest,
described in two parts: the wuser's current
geographic region and the mask (if any is used).

The main body of the report consists of
from one to three tables which present the statistics,
computed in the current geographical region, for
each category and the totals for each unit column.

Finally, thematic maps were created for the
months of July 2015 and 2018 of: the spectral
indices presented above; land surface temperature;
and land use and occupation classes. The map
composer tool in the QGIS software was used for
this activity. Firstly, however, it was necessary to

TaEW

64

convert the layers from matrix format to vector
format in order to use the QGIS>Vector>
Geoprocessing>Difference function, which aims to
extract features from the input layer that are outside
the output layer or partially overlap it.

Results and discussion

The results were presented through
thematic maps for: spectral indices; land surface
temperature; and the respective land use and
occupation maps, along with detailed analyses.
Additionally, synthesis maps were also developed
to integrate the land use and occupation classes and
land surface temperature. These maps provide
valuable insights into the wvariety of factors
associated with wildfires and their causes.

Considering that the aim of the study was
to monitor the variation in land surface temperature
in the municipality of Porto Velho and compare the
results for July 2015 and 2018 the spectral indices
were used in the study as complementary
information. Since each index has a characteristic
that is emphasized in the image, their use can
resolve possible doubts to better discriminate the
spectral response of targets in the region of interest.
The Normalized Difference Vegetation Index
(NDVI) better characterizes the aspect of
vegetation health, while the Normalized Difference
Wetness Index (NDWI) is fundamental for
understanding biomass burning processes and
identifying wet areas. On the other hand, the
Normalized Burn Rate (NBR) better characterizes
the degree of severity of fires.

Figures 2 and 3 below show the NDVI
index maps for 2015 and 2018.
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Figure 2. NDVI map for July 2015
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Figure 3. NDVI map for July 2018

When performing the calculation of the
normalized difference vegetation index (NDVI).
Values close to 1 represent areas with greater
vegetation cover, represented on the map by the
dense vegetation class. While values close to 0 are
represented by the classes of sparse vegetation and
exposed soil and indicate sick vegetation, worn out
by drought or burned. On the other hand, negative
values were identified as flooded areas and rivers,
more specifically the Madeira River, which is the
tributary of the Amazon River in the North of
Brazil. This is because water reflects less in the
near infrared than in the red. While areas without
vegetation (exposed soil) reflect similarly in the
near infrared and red, which causes the NDVI to be
around zero (Dias, 2019).

According to Lotufo et al. (2020) “NDVI
showed higher values in areas with dense
vegetation and lower values in exposed soil,
associated with dry vegetation, carbonization or
with a complete absence of vegetation.”

For the NDVI maps, 5 classes were
adopted using the continuous mode available in the
QGIS software, which pre-establishes an interval
according to the values obtained. The colors
adopted to represent the classes were chosen so that
they were close to the reality on the ground. The
main function of this index is to highlight the
vegetation conditions that are associated with the
aspect of vegetation cover. Therefore, as the
vegetated area decreases, there is a gradual

increase in surface temperature (PAVAO et al.,
2015).

According to Jensen (2009), there are two
advantages of using the NDVI index. The first
advantage is the possibility of monitoring seasonal
and interannual changes in vegetation, as was
possible to observe in the NDVI index maps and
thus identify the behavior of vegetation in the
municipality of Porto Velho. The second advantage
refers to the reason it reduces many forms of
multiplicative noise such as: cloud shadows,
topographic variations and some atmospheric
attenuation, present in multiple bands of images
from multiple dates. Therefore, the main advantage
of using this index is to monitor the vegetation
cover of a region, so it becomes possible to monitor
the regeneration of post-fire vegetation.

However, the NDVI index is not the most
suitable for identifying burned areas, as, according
to Pereira et al. (1999), there is little sensitivity to
discriminate burned and unburned areas, as they
present similar responses to other features, such as:
sparse vegetation and exposed soil. Although the
use of spectral indices, which use visible bands
such as NDVI, do not demonstrate high sensitivity
to the effect of fire, some authors claim that they
can be useful for monitoring post-fire vegetation
regeneration, as it is able to effectively differentiate
areas of high and low vegetation density (Ribed &
Lopez, 1995; Rebello et. al, 2020) .
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Therefore, it becomes possible to generally
assess the level of environmental degradation,
based on the analysis of vegetation cover indices

that directly classify soil protection levels through
vegetation density.
Figure 4 shows the dNBR index map.
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Figure 4. dNBR index map for the range July 2015 to July 2018.

The differentiated burning index by
normalized ratio (ANBR) allowed, through pre- and
post-fire temporal analysis, to obtain the degree of
fire severity in the region of interest. It is worth
mentioning that when applied to a large area and
with a long time interval, the index may end up
generalizing some results, due to the large number
of interventions that may occur during the period.
Therefore, the NBR index compares pre-fire NBR
data, before the fire, and post-fire NBR data, after
the fire in order to highlight the change caused by
the fire (Allen & Sorbel, 2008) . Therefore, the
degree of severity of fires in the municipality of
Porto Velho, for the years 2015 and 2018, were
represented in classes ranging from high
regeneration to high severity.

The values ranged from -500 to 1300 and
were grouped into 7 classes comprising the classes
of high regeneration, low regeneration, unburned
and low severity and showed little or no
relationship with fires, while from the low
moderate severity class the burned areas were
better detected.

These results validate what was proposed
by Miller and Thode (2007) who, when relativizing

the dNBR index, found greater precision,
especially for high severity fires.

The region presented some areas
considered to have a high degree of severity for
fires, and the main economic activity developed in
the region is linked to the agricultural sector.
Therefore, we can associate that these fires are the
result of planting and pasture activities, as shown
in the land use and occupation maps. In fact, these
same areas identified in the dNBR index map, as
having high severity fires, were represented by the
agricultural class in the land use and occupation
maps. It is common to use fire to manage some
vegetation in agriculture (MISTRY, 1998).
Furthermore, pasture, widely used to feed
livestock, is a vegetation that easily spreads fire.

Due to the long period for a fire analysis
using the index (dNBR), it is worth considering
that during such a time interval, different fire
occurrences may have occurred without having
been captured by the index.

According to Miller and Thode (2007),
accurately mapping the spatial dimension and
extent of fire severity is important to recover the
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affected area and to understand the general patterns
generated by fire.

Figures 5 and 6 below present the NDWI
index maps for the years 2015 and 2018.
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Figure 6. NDWI Map for July 2018

On the other hand, the normalized
difference moisture index (NDWI) can be
interpreted as an index that was derived from the
NDVI, as it better highlights the features of humid
areas and, in this way, allows the presence of water

bodies to be identified (Leivas et al., 2013). This
characteristic of the index facilitates the
discrimination and interpretation of burned areas
and/or humid areas. For the period established in
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the study, we observed that there was an expansion
of the exposed soil class from 2015 to 2018.

The positive values of this index can be
represented by the flooded area and river classes.
As the name suggests, they indicate humid regions,
that is, where there is the presence of water, while
negative values are associated with classes of
exposed soil, sparse vegetation or dense
vegetation.

In this way, this classification made it
possible to characterize and distinguish between

Figure 8. Land surface temperature map for July 2018.

areas of water, vegetation cover and urbanization.
This index, therefore, aims to characterize regions
with or without the presence of water.

In short, monitoring the variation in land
surface temperature for the municipality of Porto
Velho, in the years 2015 (Figure 7) and 2018
(Figure 8) in the month of July, allowed us to
identify that temperatures above 30°C were
presented in regions represented by classes of
exposed soil or agriculture.
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This fact corroborates Jensen (2009) who
states that deforestation and replacement of the soil
surface with non-evaporative and non-porous
materials, such as asphalt and concrete, directly
contribute to the increase in surface temperature.
Furthermore, it is worth noting that some vegetated
areas also suffered from the increase in
temperature, due to the type of local vegetation.

With regards to the Earth's surface
temperature, one of the most immediate effects of
a fire is the increase in surface temperature. In the
case of an increase in local temperature, the burned
surfaces absorb solar radiation more efficiently,
causing an increase in the temperature of this soil
(Castro Neves and Miranda, 1996), which can
reach above 500°C during a short period of time,
which can vary, for example, with the moisture
content or the accumulation of combustible
material (Dias, 1992).

Due to paved areas and due to
environmental degradation there is a greater
presence of exposed soil, justifying the fact that
urbanized regions have high surface temperatures.
Moreira & Galvincio (2007) also commented that
built areas with greater urban density (vertical and
horizontal constructions), associated with the low
presence of trees, contribute to the increase in local
temperature.

Figure 9. Summary of surface temperature variation.

Despite the high temperatures in urban
areas, it was not possible to associate the
temperature factor with the occurrence of fires for
this class, since, according to what was
demonstrated by the differentiated burning index
by normalized ratio (dINBR), urban areas were
classified as not burned. The index (dNBR)
presents results focused especially on vegetation,
indicating classes related to severity and regrowth.
This point justifies the increase in surface
temperature in vegetation areas.

Furthermore, it was found that the surface
temperature and the indices are closely linked,
since the higher the index value, consequently the
greater the vegetation cover and the lower the
surface temperature (Buyantuyev & Wu, 2009).
Therefore, it is important to highlight that the
highest absolute value of the index is not always
associated with a higher surface temperature, as
there are exceptions, such as NDVI and NDWIL.

To conclude, the synthesis map aims to
highlight the regions where surface temperature
changes occurred for the years 2015 and 2018
(Figure 9). The areas circled in green are those that
have undergone changes. It is worth noting that the
algorithm identified the most significant changes,
therefore, some areas where the changes were
imperceptible were not located.

B3°41248°W

\. S %

S02Zr.9

S.08v.2

LEGENDA
Temperatura (°C)
W 200-230
Bl 231-260
[[1261-290
B 29.1-300
. - 30

SA¥5.8

8.00.6

Hermenegildo, K. F., Coelho, L. C. T., Lana, L. C., Rodriguez, M. R., Silva, S. M. L.

2114



Revista Brasileira de Geografia Fisica v.18, n.03 (2025) 2104-2120.

The percentages of land use and
occupation classes are presented in the maps below.
Initially, they allowed a visual analysis of the
quantity of each of the observed classes.

g”r : an | J?’

T .

The synthesis map points out the vectors of
transformation of land use and occupation classes
(figure 12). The areas that underwent changes from
2015 to 2018 are highlighted in red. This way, you
can locate the changes.
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Figure 11. Land use and occupation map for July 2018, prepared based on data from MapBiomas.
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Figure 12. Synthesis of land use variation, prepared from MapBiomas data

The values obtained in percentages for the
land use and occupation classes facilitate
comparisons between the results of the respective

years. Figure 13, below provides a comparison of
the percentage of classes corresponding to the
years 2015 and 2018.
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Figura 13. Relatorios de classes para julho de 2015 e julho de 2018

By analyzing the percentages, it was
possible to obtain information about the behavior
of vegetation and land use in the municipality of
Porto Velho for the years 2015 (Figure 10) and
2018 (Figure 11).

The region had 7 classes of land use and
occupation, divided between: forest (73.16%);
non-forest natural formation (1.52%); agriculture
(21.83%); non-vegetated area (0.43%); bodies of
water (2.92%); soybeans (0.01%) and other
temporary crops (0.13%) for 2015. And the same
for 2018, divided as follows: forest (69.97%); non-
forest natural formation (1.48%); agriculture

(24.89%); non-vegetated area (0.44%); bodies of
water (2.93%); soybeans (0.02%) and other
temporary crops (0.27%).

Thus, it was observed that the region's soil
suffered from environmental effects over time,
with a significant loss of local vegetation,
presenting a reduction in the percentage of the
forest class by approximately 3.19% from 2015 to
2018. Another relevant issue was that the
agricultural sector showed an increase of
approximately 3.06% from 2015 to 2018. This type
of economic activity directly contributes to the
increase in pasture areas and exposed soil.
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The environmental impacts caused by
agricultural activities arise mainly from two
factors: 1) the change in land use, resulting from
deforestation and the conversion of natural
ecosystems into cultivated areas (Salomao et al.,
2021; Alencar et al. 2021); and 2) the degradation
of cultivated areas, caused by inadequate
management practices. These two factors are
interconnected, with the degradation of cultivated
areas increasing the demand for new land for
cultivation, as the cost of deforesting and
incorporating new land is usually lower than that of
recovering unproductive land (Gouvello et al.,
2010).

Considering that the portions of land
destined for production are limited, it is necessary
to minimize the advance of agricultural activities
over natural areas, since changes in land use
produce serious impacts on the climate balance,
water availability, biodiversity conservation and
environmental quality (Foley et al., 2010).

In view of what was presented above, it is
considered that the agricultural sector represents a
cause of deforestation in the region, as these arecas
are used for land cultivation and animal husbandry.
Associating this information with the land surface
temperature and the indices, we found that for the
year 2018, in which the values of the agricultural
class increased and consequently those of the
forestry area reduced, the region showed an
increase in soil temperature.

Therefore, the values of land surface
temperature, above 30°C, were more significant in
the class called non-vegetated areas, that is,
represented by urban regions. Vegetated areas were
also greatly impacted by the increase in
temperature, due to deforestation and the advance
of agriculture. This concentration of high
temperatures in urbanized areas exists mainly
because of the predominance of asphalt and
exposed  soil.  Furthermore, deforestation
consequently reduces vegetation cover, which is
essential to minimize the effects of climate and, as
a consequence, there is an increase in surface
temperature.

It should be noted that information on land
use and occupation and land surface temperature
are closely linked, as the classes represented by
non-vegetated and agricultural areas were those
with the highest surface temperatures. Similarly to
Castillo et. al (2020) and Reis and Leal (2020), fires
have taken place close to human settlements,
suggesting a strong pattern of deforestation through
forest fires for clearing areas and expanding peri
urban zones for a variety of purposes. Knowledge
about land use and occupation is essential

information for a variety of social needs, ranging
from natural resource management, environmental
studies, urban planning, and sustainable
development (Zell et al., 2012).

Finally, as a side note, it is worth noticing
that due to the long period of time for analyzing
fires using the index (ANBR), some fires may not
have been covered by the index during this period.
This article covers, however, those that have been
most consistent throughout the timeframe
surveyed. Nevertheless, as indicated by Costa-
Saura et al. (2022) and Afina et al. (2021), it is
possible to use pre-fire and post-fire NBR indices
to predict fire severity in risk analysis, therefore
enhancing the importance of this research as well.
Therefore, the maps produced under this research
may be used for risk assessment and further
monitoring beyond the imagery acquisition dates.

Conclusions

Considering the wvarious factors that
determine the occurrence of fires in a location, the
present study monitored the variation in land
surface temperature in a region of the Amazon
biome, using spectral indices and maps of land use
and occupation for the municipality of Porto Velho,
located in the state of Rondonia.

The vegetation indices used proved to be
efficient in identifying and differentiating the
vegetation cover of the studied area because they
are based on the spectral behavior of the image
targets.

Furthermore, it can be observed in this
study that the land surface temperature and the
indices are closely linked, since the higher the
NDVI index value, the greater the vegetation cover
of the location and the lower the surface
temperature. Therefore, confirming the importance
of vegetation in maintaining surface temperature.

However, NDWI results have helped in
mapping and monitoring water bodies. There is no
direct relationship between NDWI and surface
temperature, as they are different measurements
and capture different information about the Earth's
surface. However, it is possible to use surface
temperature data in conjunction with NDWI data
for environmental monitoring studies.

On the other hand, land use and occupation
maps indicated a certain incidence of areas
destined for agriculture. These same areas recorded
higher temperatures, drier vegetation and presented
high severity values according to dNBR.

Taking into account what was exposed
throughout the work, it is observed that the
Differentiated Burning Index by Normalized Ratio
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(ANBR) is related to the increase in surface
temperature and areas of drier vegetation, probably
originating from agriculture.

Therefore, deforestation is related to
intense urbanization processes, with
transformations in soil cover, mainly due to the
removal of the natural layer of vegetation and
replacement with impermeable surfaces, such as
concrete or asphalt, which alter the entire energy
cycle of the surface, reducing and making
vegetation evapotranspiration unfeasible and
increasing the absorption of solar energy by the
surface layer

Finally, studies on monitoring fires in the
Amazon are not very common due to the
impossibility of obtaining images with adequate
quality to carry out the relevant analyses. This
includes the absence of clouds or other types of
atmospheric interference. As the Amazon biome is
responsible for housing the majority of fauna and
flora species, it is necessary to adopt public policies
aimed at implementing environmental projects
aimed at monitoring vegetation cover and
consequently surface temperature.
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