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Abstract
Conservation units are specially protected territorial spaces whose primary goals are to preserve biodiversity and 
natural resources. Thus, this paper aims to investigate the spatial-temporal dynamics of land-use and land-cover 
classes and hotspots in a conservation unit in the Caatinga region. We assessed land-use and land-cover classes based 
on Mapbiomas’s data from 2002 to 2021. Then, we analyzed the hot spots made available by Programa Queimadas 
database, for the rainy and dry seasons, as well as data recorded on a yearly basis between 2002 and 2021. The class 
of agricultural activities in the buffer zone has increased; changes in the hotspots’ distribution pattern were observed, 
such as displacement from the Park’s central area towards the buffer zone’s. Furthermore, 12 hotspots tended to 
increase in the dry season, over the 20-year assessment process. Insights into the growth of agriculture and changing 
hotspot patterns assist in creating more effective conservation strategies.

Keywords: Temporal analysis, Spatial distribution, MapBiomas, Programa Queimadas, Remote Sensing.

1. INTRODUCTION AND OBJECTIVES

Among the different biomes in Brazil, Caatinga has been 
significantly changed in recent years, and it has damaged local 
biodiversity, increased environmental degradation and worsened 
desertification processes, due to its biome’s unique adaptation to 
climate conditions (BEZERRA et al., 2020; NASCIMENTO et al., 
2020). Conservation units are delimited and protected spaces 
aimed at mitigating the deleterious effects of human actions and at 
preserving strategic natural resources. Thus, Mata da Pimenteira 
State Park was launched in Pernambuco State, in 2012, as the 
first conservation unit in this biome (FONSECA; TAVARES JR.; 
CANDEIAS, 2020).  

Conservation units suffer constant pressure from different 
agents, mainly anthropogenic pressure to establish agricultural 
and urban activities. Controlled burning is a resource often 
used in agricultural practices to clean a given area. This process 
enables vegetation to grow back within a short period-of-time - 
to be consumed as food by ruminants -, besides breaking seed 

dormancy, among others (TEIXEIRA et al., 2021). However, 
indiscriminate burning can lead to forest fires that, in their turn, 
lead to biodiversity loss, as well as to water availability and nutrient 
cycling decrease. Consequently, it affects individuals’ quality of life 
(PAIVA et al., 2019).

Fire dynamics can influence ecological processes; therefore, 
understanding them enables developing environmental conservation 
strategies and reducing greenhouse gas emissions (JESUS et al., 
2020; SOARES; RESENDE; PEREIRA, 2016). Thus, understanding 
hotspots’ spatial distribution and temporal patterns helps avoiding 
uncontrolled fire – also known as wildfire - and makes land 
management processes more efficient (CHAVES et al., 2021). 
Accordingly, spatial Technologies (geotechnologies) provide 
tools for continuous, historical, and low-cost monitoring based 
on remote sensing principles.

Hotspots in remote sensing processes based on heat sensors 
can be understood as fire events. Instituto Nacional de Pesquisas 
Espaciais (INPE) has built a database based on information 
provided by different thermal infrared sensors used for heat spot 
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monitoring purposes (RIBEIRO et al., 2021). INPE considers 
vector files representing geographic points captured on soil surface 
as hotspots when temperature higher than 47ºC is detected in 
a minimum area of 900 m² (DALL’IGNA & MANIESI, 2022). 
The aforementioned Institute provides data deriving from polar 
orbiting satellites, such as AQUA, TERRA, NOAA - 15, 16, 
17, 18, and 19, as well as from geostationary satellites, such as 
METEOSAT-02 and GOES-12, on a daily basis, through the 
project known as Base de Dados Queimadas - BDQ (INPE, 2022). 
Each polar satellite produces two images, on a daily basis, whereas 
the geostationary ones generate a few images, on an hourly basis. 
INPE processes more than 200 images a day in order to identify 
vegetation-burning outbreaks.

Different studies have investigated hotspots based on using 
data made available by INPE, as well as applied spatial hotspots-
distribution analysis, mainly through Kernel density. Among them, 
one finds a study conducted in municipalities with significant 
agrarian conflicts (BOTELHO et al., 2020; CRISTOVÃO and 
RAYOL; 2021; SALES et al., 2019; TEIXEIRA et al., 2021) in 
Western Amazonia (RIBEIRO et al., 2021) and in Paraíba State’s 
mesoregions (Novais et al., 2019).Jesus et al. (2020) assessed different 
protected areas throughout Brazil, whereas some studies assessed 
protected areas in Minas Gerais State (SOARES; RESENDE; 
PEREIRA, 2016), as well as in Parque Nacional da Chapada dos 
Guimarães (PNCG) - Mato Grosso State (Neto et al., 2020).

Few studies available in the literature about this topic 
have focused on analyzing temporal trends. To the best of our 
knowledge, this analysis type was only conducted by Jesus 
et al. (2020). However, the aforementioned authors did not 
take into consideration the different rainfall seasons, namely:  

dry and rainy seasons. In addition, studies available in the literature 
did not confront this phenomenon with conflicts observed in 
conservation units located in the Caatinga biome; therefore, the 
current study seeks to fill this gap.

Our hypothesis is that Mata da Pimenteira State Park’s 
launching helped reducing the number  of hotspots in its coverage 
area. Thus, the aim of the current study was to investigate the 
spatial-temporal dynamics of land-use and land-cover classes, as 
well as of hotspots, in a conservation unit in the Caatinga biome.

2. MATERIALS AND METHODS

2.1. Study site

Mata da Pimenteira State Park (PEMP) is located in 
Pernambuco State’s central hinterland, in Pajeú river basin, 
rural area of Serra Talhada - PE (Figure 1): geographical 
coordinates 7°56’10” S and 38°17’55” W,  mean altitude of 613 m. 
This environmental conservation unit covers 887.24 hectares 
(the red limit in Figure 1) and presents smooth and rounded 
terrain;  hyper-xerophilic Caatinga is the typical vegetation 
growing on it. BSw’h climate type features this region as 
semi-arid, hot and dry, with annual rainfall of 657 mm year-1 
and mean annual temperature of 25.8 ºC (ALVARES et al., 
2013; BEZERRA et al., 2021; LINS et al., 2017). The park 
area (limited by the area in blue in Figure 1) corresponds to 
the buffer zone of the study area. Notably, buffer zones aim 
to limit these areas’ use to more sustainable uses; moreover, 
they work as transition zones of areas subjected to different 
protection levels (SOUSA; SANTOS, 2020).

Figure 1. Map showing the location of Mata da Pimenteira State Park and the buffer zone, Serra Talhada, Pernambuco State, Brazil.
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2.2. Database

We obtained land-use and land-cover data of Serra Talhada 
County corresponding to the time-period between 2002 and 
2021. These data were available at the MapBiomas platform 
- collection 7 (Mapbiomas, 2023). We clipped the data of the 
study site and defined the classes found in it, as follows (Table 1).

Annual land-cover and land-use maps were generated 
by MapBiomas (2023) using Landsat satellite images with 
a pixel size of 30 x 30 meters. The classification process 
utilized machine learning algorithms on the Google Earth 
Engine (GEE) platform, which offers robust cloud processing 
capabilities. Thematic maps were prepared for the years 2002, 
2006, 2007, 2011, 2012, 2016, 2017, and 2021. To determine 
the area of each class, we performed an analysis using the 
QGIS r.report tool, providing the results in hectares (ha)..

Hotspots’ data, in their turn, comprised Park area and its 
buffer zone. Data were collected from shapefile format files 
comprising information about Serra Talhada municipality, 
which were recorded from 2002 to 2021 and stored at the 
database provided by Programa Queimadas, which is developed 
by Instituto Nacional de Pesquisas Espaciais (INPE, 2022). Jesus 
et al. (2020) pointed out that the remote sensing products 
identify hotspots, which can be either burning events or 
forest fires identified in the study site.

To assess whether there is a seasonal effect component 
on the dynamics of the hotspots, we aggregated the data in 
rainy months (Jan-Apr), driest months (Aug-Nov) and annual 
(Jan - Dec). Programa Queimadas uses different satellites as 
reference and described by INPE (2023). The definition of 
the rainy season, from January to April, and the dry season, 
from August to November, was based on the monthly 
averages of precipitation (Figure 2A) and air temperature 
and relative humidity (Figure 2B). Precipitation data 

were derived from the Serra Talhada pluviometric station 
database provided by the Pernambuco Agency of Water and 
Climate (Agência Pernambucana de Água e Clima - APAC), 
covering the historical period from 1990 to 2021. Meanwhile, 
temperature and relative humidity data were obtained from 
the Serra Talhada automatic station from National Institute of 
Meteorology (Instituto Nacional de Meteorologia - INMET) 
from 2010 to 2020.

We clipped each heat-focus layer of the area covered by 
PEMP’s buffer zone after collecting the heat-focus files recorded 
for the Serra Talhada region. Subsequently, hotspots observed 
in each clipped layer were counted. These procedures were 
carried out in QGIS software, version 3.22.

After collecting the heat-focus data about the area of interest, 
we conducted kernel analysis to identify the areas showing 
higher incidence of fire events, based on the methodology 
presented by Cristovão and Rayol (2021), Jesus et al. (2020) 
and Teixeira et al. (2021). 

In order to do so, we grouped the heat-focus layers into 
the following periods-of-time: 2002 to 2006, 2007 to 2011, 
2012 to 2016, and 2017 to 2021. We performed this grouping 
by 5-year period in order to improve the visualization of the 
kernel density results. Since some years had few incidences of 
outbreaks, making it difficult to visualize the data. Therefore, 
we considered an aggregation in 5 years convenient for the 
representation of the thematic maps of kernel density.

Notably, this analysis aims at estimating hotspots’ 
density per area, from an area weighted by the radius 
comprising the distance of each event from the reference 
point (BOTELHO et al., 2020). This analysis was carried 
out in QGIS software, based on using the “heat map” tool 
within a 1,500m radius. The methodology flowchart is 
presented in Figure 3.

Table 1. Land-use and land-cover classes, and their features.

Classes Features
1. Forest Natural forest, forest formation, savanna formation, and planted forest.

2. Natural non-forest formation Flooded fields, swamp areas, grassland formations, apicum, rocky outcrops, and other non-forest 
formations.

3. Farming Pasture, agriculture, temporary crops, perennial crops, and agriculture-pasture mosaic.
4. Non-vegetated areas Urban infrastructure, mining, and other non-vegetated areas.

5. Water Rivers, lakes, dams, reservoirs, and other water bodies.
6. Not Observed Not Observed

Source: Mapbiomas, 2021
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Figure 2. Meteorological variables: (A) Monthly average rainfall in Serra Talhada, Pernambuco State, Brazil - Source: APAC; 
(B) Air temperature (°C) and Relative humidity (%) - Source: INMET.

Figure 3. Flowchart of the methodology adopted to collect and process heat focus data.
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2.3. Temporal trend analysis of vegetation cover 
and hot spots in Mata da Pimenteira State Park 
(PEMP)

 Mann-Kendall non-parametric test for temporal trends 
(KENDALL M. G., 1975; MANN, 1945) was used to analyze 
hotspots’ trends over the aggregated study periods. In order 
to do so, the sum of hotspots observed in each aggregated 
study periods – i.e., dry, rainy and annual - was taken into 
consideration in each assessment year, which required data to be 
independent and homogeneous (JESUS et al., 2020; OLIVEIRA 
et al., 2018; SALVIANO; GROPPO; PELLEGRINO, 2016).

The independence of time series’ variables was determined 
through autocorrelation function test. Then, Mann-Kendall 
test was applied to variables that did not show autocorrelation 
(SNEYERS, 1975), whereas the modified Mann-Kendall test, 
proposed by Hamed and Rao (1998), was applied to variables 
showing autocorrelation. The null hypothesis (H0) considers no 
trend in the data series; on the other hand, the alternative hypothesis 
considers the incidence of temporal trend, at α% significance level 
– the current study adopted at 5% significance level. 

In addition, Kendall’s τ coefficient, which indicates whether 
the trend is growing (greater than 0) or dropping (less than 0), 
was herein analyzed. Theil-Sen slope β, determined by non-

parametric Theil-Sen test (SEN, 1968; THEIL, 1950), was 
used to measure the magnitude of the trend (CAMPOS; 
MARINHO; CHAVES, 2020).

3. RESULTS

3.1. Land use and cover in the buffer zone

Among the findings, notable differences in land use and 
land cover were observed, with the forest class being maintained 
within the park area and an increase in farming class in the 
buffer zone. Regarding the analysis of hotspot occurrences, 
a concentration of hotspots was identified during the dry 
season, accompanied by a shift in their spatial pattern towards 
peripheral regions. Furthermore, a considerable increase in 
hotspots was observed between the years 2018 and 2021.

Figure 4 presents the space-time variability of land-use 
and land-cover classes identified in the Buffer Zone of Mata 
da Pimenteira State Park. It is possible seeing changes in these 
classes around the Park over the study period - 2002 to 2021. 
The Eastern, Northern and Northwestern sectors of the study 
area stood out for presenting the majority of changes, such 
as increased farming activities and reduced water surface in  
reservoirs, mainly in the one located to the East.

Figure 4. Land-use and land-cover maps of Mata da Pimenteira State Park buffer Zone  (PEMP). Source: MapBiomas (2023).
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3.2. Land use and cover in Mata da Pimenteira 
State Park (Preservation area)

The forest class areas showed an average of 4665 ha and 
a reduction of 10.69%, while the farming areas presented an 
average of 877 ha and an increase of 54.03% in the buffer 
zone (Table 2). The other classes also underwent changes 
during this period, with an increase in areas from 30.58 
to 77.34 for the Non-Forest Natural Formation and Non 
Vegetated Area classes, respectively, while the water class 
decreased by 4%.

Figure 5 depicts land-use and land-cover classification in 
Mata da Pimenteira State Park, from 2002 to 2021, at 5-year 
observation intervals. These maps highlight the preservation 
of the Park’s typical vegetation and, consequently, the biological 
conservation of its fauna and flora.

The results of the area count indicate the stability of the region, 
with the forest class averaging 805 ha and representing 97.68% 
of the entire conservation unit (Table 3). The other classes also 
underwent changes, with an increase of 0.44 ha and 0.62 ha for 
the Non-Forest Natural Formation and Non-Vegetated Area, 
respectively, while no water class was recorded within the park area.

Tabela 2. Temporal variability of land use and land cover classes within the buffer zone of the Mata da Pimenteira State Park.

Classes 
Observed Years and their Areas in Hectares

2002 2006 2007 2011 2012 2016 2017 2021
Forest 5082.79 4811.06 4759.87 4467.41 4489.29 4546.05 4623.19 4539.50

Non-Forest Natural Formation 276.59 274.29 300.24 414.05 412.63 511.03 509.88 361.17
Farming 651.40 820.57 845.19 764.95 832.89 1064.22 1036.42 1003.38

Non Vegetated Area 24.62 24.97 24.18 35.51 42.16 28.16 26.92 43.66
Water 322.62 372.84 372.22 726.93 626.94 167.11 117.78 308.81

Figure 5. Land-use and land-cover maps of Mata da Pimenteira State Park (PEMP). Source: MapBiomas (2023).
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Tabela 3. Temporal variability of land use and land cover classes within the Mata da Pimenteira State Park.

Classes 
Observed Years and their Areas in Hectares

2002 2006 2007 2011 2012 2016 2017 2021
Forest 803.65 804.63 805.25 805.78 806.13 804.01 806.40 806.84

Non-Forest Natural Formation 7.97 5.76 6.47 10.36 10.27 10.72 9.65 8.41
Agricultural 8.32 8.77 8.06 9.30 9.56 10.98 10.36 10.36

Non-Vegetated Area 0.89 0.97 0.97 0.80 0.35 0.80 1.15 1.51
Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3.3. Temporal dynamics of hotspots

The total evaluated area, encompassing the park and its 
buffer zone, averages ten (10) critical hotspots per year, with 
variations over the years (Figure 6). As anticipated, the dry 
season predominates in terms of fire hotspots compared to the 
rainy season. Nonetheless, the findings reveal an escalation 
in hotspot numbers subsequent to the park’s establishment 

in 2012, particularly from 2018 onwards, encompassing both 
the annual and dry season.

Hotspots’ temporal trend statistics results have indicated 
stability, i.e., non-significant values, for both the annual and 
rainy season(Table 4).On the other hand, the dry period 
recorded significant trend to increase by 0.62 in the number 
of foci per year, which represented total increase by 12 in the 
number of hotspots from 2002 to 2021.

Figure 6. Hotspots in the  Buffer Zone / PEMP combined area between 2002 and 2021.
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Table 4. Parameters of Mann-Kendall temporal statistics applied to 
hotspots in PEMP’s Buffer Zone, during the study period.

Temporal Statistics Parameters
Period Sen’s Slope Tau
Annual 0.76ns 0.36

Rainy 0ns 0.09

Dry 0.62* 0.34

Significance Code: ns Not Significant; * 5%; **1%

3.4. Spatial variability of hotspots

The representation of hotspots identified within the Park and 
its Buffer Zone during the study period is depicted in Figure 7. 

Figure 7. Kernel density map of hotspots in the buffer zone and in the PEMP during the annual, rainy and dry season, from 2002 to 2021.

The hotspots were grouped into four clusters spanning five-
year intervals. Critical points were identified within the area 
highlighted by the most intense yellow color, highlighting the 
distinction between the dry and rainy seasons. Additionally, 
a concentration of fire hotspots is observed within the park’s 
conservation area (red polygon) during the initial analysis 
period (2002-2006), prior to its establishment.Fi

During the years 2007-2011 and 2012-2016, a decrease in 
fire hotspots is observed, along with a shift in their distribution 
pattern towards the peripheral areas and boundaries of the 
Buffer Zone. However, the period 2017-2021 exhibited a notable 
increase in occurrences within the Buffer Zone, particularly in 
the eastern, northwestern, and southeastern regions, approaching 
the core conservation area of the park (red polygon).
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4. DISCUSSION

As stated by Silva et al. (2020), the utilization of satellite 
imagery for land use and land cover classification enables the 
assessment of regional and temporal conditions in specific 
locations, as demonstrated in Figures 4 and 5. Bezerra et al. 
(2019) have emphasized the importance of using geotechnologies 
to  monitor  the native vegetation, as well as the macro and 
micro fauna, to avoid the unwanted effects of unplanned or 
illegal anthropogenic interventions, which can compromise 
the function and the ecosystems services provided by PEMP. 

Silva et al. (2018) applied remote sensing in an EPA located 
in São Francisco River basin, on the banks of Sobradinho 
lake in neighboring Bahia State. These authors observed 
environmental degradation due to unlicensed occupation, 
which harmed the local fauna and flora, as well as made it 
susceptible to erosion and water quality issues. Another study 
conducted by Rodrigues et al. (2019) used the Google Earth 
Engine platform for land-use and occupation classification 
purposes. It detected significant changes in natural vegetation 
cover and illegal deforestation areas in the Cerrado Biome.

 Figure 6 highlights the seasonality of hotspots throughout 
the assessment years; this is a standard behavior in different 
regions, as observed by Jesus et al. (2020), who assessed 
hotspots in all Brazilian biomes and conservation units from 
2003 to 2017. According to Novais et al. (2019), hotspots are 
not a regular phenomenon, since they presented different 
behaviors in mesoregions and municipalities of Paraíba State, 
during the analyzed years. These authors have emphasized 
the concentration of hotspots during the dry season in their 
study site, from September to December. 

Meteorological conditions, mainly rainfall volume, affect 
the number and distribution of hotspots, as highlighted by 
Araújo and Ferreira (2015), Moreira de Araújo, Ferreira 
and Arantes (2012), and Ribeiro et al. (2021). According to 
Alves et al. (2021), fire events and weather conditions are 
closely related to each other, since weather conditions can 
influence the likelihood of wildfire incidence, maintenance 
and propagation. Therefore, the concentration of hotspots in 
this time of the year is an expected behavior; however, it leads 
to concerns about the significant trend of increased number 
of hotspots in the study site in the dry season (Table 4).

The condition of the last evaluation period (2017 to 
2021), which presented steep increase in the number of 
hotspots, may have interfered with the result of the temporal 
trend statistics. This interval recorded  19 hotspots per year,  
on average, the peak in the number of hotspots was recorded in 
2021 (n = 31). The five previous years (2012 to 2016) recorded  
9.2 hotspots per year, on average; however, if one takes into 
consideration the entire evaluation period (2002-2021),  

this number increases to ten (10) hotspots per year, on average. 
Thus, the number of hotspots has increased by approximately 
100%, if one compares the period from 2017 to 2021 to the 
one from 2012 to 2016.

As the rainy season from 2018 to 2020 recorded rainfall 
rates above the historical average for the study region, according 
to the study by Rocha et al. (2022), the hope for a good rainy 
season may have increased the number of hotspots during 
this last five-year period. As suggested by Alves et al. (2021), 
there is increase in the number of hotspots due to farmers’ 
expectation of good rainfall rates, given the tradition of 
burning dry and worn vegetation for rainy season cultivation 
in the Caatinga biome. 

Results in the current study, in their turn, have indicated 
that preservation has been influential to the Park area, since its 
hotspot distribution pattern  has changed over the years and 
started concentrating in the most limiting areas of the buffer 
zone (Figures 5 and 7). Still,  there was record of hotspots in 
the Park’s preservation area in the last five-year period; most 
likely due to   fuel material accumulation, since the region 
went through a long period without hotspots (2007-2016). 
Soares, Resende and Pereira (2016) have stated that a given 
region is more susceptible to wildfire when it goes through 
long unburned periods.

Thus, likely conflicts in and anthropogenic pressures on 
the Park stand out since areas with increased agricultural 
class (Figure 5) are the ones presenting the highest hotspot 
concentrations (Figure 7) during the evaluation period. 
Sousa and Santos (2020) have pointed out that the increased 
population in the vicinity of the Park tends to cause conflicts 
due to pressure put on resource using to meet communities’ 
needs. Therefore, it is essential adjusting policies focused on 
managing hotspots and wildfire events, as well as on promoting 
awareness campaigns in the region surrounding the Park, to 
avoid likely  wildfire and damage to local biodiversity.

5. CONCLUSIONS

Results in the current study have shown changes in hotspot 
distribution pattern, such as higher hotspot concentrations 
in the buffer zone’s Eastern, Northwestern and Southeastern 
regions, which were in line with changes in land-use and land-
cover classes. The last five-year period (2017-2021) recorded 
increase by 100%, on average, in the number of hotspots, in 
comparison to the previous five-year period (2012-2016). The 
study area  tended to show increased number of hotspots during 
the dry season, since it recorded approximately 12 foci over 
the 20-year assessment (2002-2021). It is recommended  to 
have these areas monitored and well-managed by responsible 
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institutions  to prevent hotspots from posing greater danger 
to local biodiversity.
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