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ARTICLE INFO ABSTRACT

In current times, variability and global climate change still require clarification of its effects on vegetation. The
central issue in this discussion is how the distribution of fire foci can influence the vegetation cover pattern
considering the spatial and temporal scales. Meteorological station data, together with Remote Sensing tools and
Geographic Information Systems (GIS), produce very consistent results for monitoring the factors associated with
the atmosphere - vegetation relationship. The present article aims to evaluate the relationship between oc-
currence of the fire foci and the Enhanced Vegetation Index (EVI) in the state of Rio de Janeiro (SRJ), during the
period from January 2000 to December 2015. EVIs were obtained through analysis of the sensor images
Moderate Resolution Imaging Spectroradiometer (MODIS), with spatial (250 m) and temporal (16 days) re-
solutions, during 15 years, taking into consideration the different forest typologies of the biome in Atlantic forest
as well as the SRJ administrative divisions. After the organization of the time series of fire foci, the Kernel
density (20 km) was calculated for each month, to design the circular neighborhood around the fire foci.
Afterward, the EVIs were obtained through analysis of the images of the sensors mentioned above, considering
the same temporal and spatial scales. The present study revealed the occurrence of more than 10,000 fire foci in
SRJ. According to the Pettit test, the years 2000, 2013, 2014 and 2015 recorded the highest frequency of
occurrences. The North and Metropolitan regions of SRJ had a higher frequency of the fire foci, especially in the
Ombrophylous Dense Forest and Pioneer Formations. However, Ombrophylous Forests, Seasonal Forest and
Pioneer Formation showed an increase in forest cover from 2000 to 2013. In light of observed relationships
between fire foci and EVI, the convergence of approaches to fire foci and EVI can be an effective tool for planning
and management of natural resources in the Atlantic Forest.
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Climate change

(Ombrophylous and Seasonal forests, High Altitude Grassland, resting
areas, and fragments of mangrove forests) account for 12% of the forest
remnants in an extremely fragmented landscape distributed in 17
states, where most are smaller than 50 ha and home to about 70% of the

1. Introduction

Along Earths geological trajectory processes of heating and cooling
have maintained several climatic cycles (Dickson, 2017). However,

activities established by the human species may have modified global
climate according to authors defending the emergence of a new geo-
logical period (Joly, 2007; Intergovernmental Panel on Climate Change
- IPCC, 2014; Corlett, 2015; Zalasiewicz et al., 2017). Tropical forests
play several ecosystemic roles such as regulation of temperature and
climatic processes (Constanza et al., 1997; IPCC, 2001; Cadla et al.,
2015). In Brazil, the Atlantic Forest and its associated ecosystems
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Brazilian population (Santana et al. 2015; Scarano and Ceotto, 2015;
Bergamin et al., 2017; Marques et al., 2016). This region is responsible
for about 70% of the Gross Domestic Product (GDP) and about 60% of
the industrial Brazilian economy (Martinelli et al., 2013). While natural
landscapes in this biome have been substantially replaced by land use
and occupation, mainly agriculture and urbanization, it remains one the
most important biodiversity hotspots in the world (Mittermeier et al.,
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2011; Laschefski et al., 2012; Martinelli et al., 2013; Scarano and
Ceotto, 2015; Fundacao SOS Mata, 2018, 2019).

Vegetation highly correlates with atmospheric processes that influ-
ence water vapor (H,0) level, radiation balance, surface energy balance
(SEB), and biogenic and greenhouse gas (GHG) emissions (IPCC, 2012;
Artaxo et al., 2014; Hurteau et al., 2014; Sun et al., 2018; Yuan et al.,
2018). Global warming increases the frequency with which extreme
climatic events occur, such as physical (floods, droughts, and wildfires),
biological (physiological and behavioral patterns of species), ecological
(bio-invasions, extirpations, and extinction), and socioeconomic nega-
tive impacts, especially for the most vulnerable populations (epidemics,
reduction in food supply, and others) (Saxe et al., 2001; IPCC, 2012; De
Keersmaecker et al., 2015; Tozato et al., 2015; Wu et al., 2015; Scarano
and Ceotto, 2015). Canhos et al. (2008) and Gobbo et al. (2016) em-
phasize that variability and change in the current global climate still
raises unanswered questions. Artaxo et al. (2014) highlight the im-
portance of using innovative geotechnologies, such as orbital sensors in
environmental satellites, to assess the impact of climate change, at the
regional and global scale.

Currently, weather station data is used alongside products acquired
from Remote Sensing (RS) techniques (satellites, SODAR, LIDAR, and
radar), which are stored and viewed by Geographic Information
Systems (GIS) (Sahana and Sajjad, 2019). The combined use of these RS
techniques is proper for biosphere monitoring (White and White, 2016).
GIS tools have been successfully used to geographically represent cli-
mate and fire foci data and are still considered simple, low cost and
efficient techniques (Oliveira et al., 2015; Gobbo et al., 2016; White and
White, 2016; Clemente et al., 2017a).

Detection of fire foci can be used to interpret information that is
recorded at the earth's surface by remote space sensors, which can be
used to evaluate multiple phenomena that occur on the earth's surface
such as wildfires (Williams et al., 2001; Anderson et al., 2005;
Tomzhinski et al., 2011; Catila et al., 2016; Soares et al., 2016; Oliveira-
Janior et al., 2017). However, not all fire foci are related to the
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occurrence of a fire, and some can be identified during charcoal pro-
duction, industry operation, and other sources of heat (Clemente et al.,
2017a).

The Enhanced Vegetation Index (EVI) is a product generated by the
Moderate Resolution Imaging Spectroradiometer (MODIS) sensor, and
part of the TERRA and AQUA orbital platforms that were launched by
the National Aerospace Agency (NASA) and is obtained through mea-
suring the reflectance in the spectral bands of red and the near-infrared
electromagnetic spectrum, mainly because the sensor is more sensitive
to the green vegetation signal (Anderson et al., 2005; Formigoni et al.,
2011). According to these authors, the EVI can provide effective results
to monitor vegetation cover and the effects of seasonality on the vegetal
component, and also to detect fire foci. Much is discussed about vege-
tation behavior related to changes in climate, and vice versa, including
projections that reveal shrinking forest cover in South America (Scholze
et al., 2006; Cook and Vizy, 2008; Franklin et al., 2016). However, the
central issue in this discussion is how in recent years, fire foci can in-
fluence the vegetation cover pattern of the Atlantic Forest in a densely
populated region with a high degree of urbanization such as the state of
Rio de Janeiro, which according to Santana et al. (2015) and Instituto
Brasileiro de Geografia e Estatistica — IBGE (2018), holds approximately
18% of the original biome and a population of 17 million inhabitants.

Therefore, the main objective of this work is the spatial and tem-
poral evaluation of fire foci and EVI using data acquired from the
MODIS sensor to interpret forest cover variation in the state of Rio de
Janeiro (SRJ), considering the period of January 2000 to December
2015.

2. Data and methods
2.1. Study area

The SRJ has a total area of 43,782 km?, a population density of 378
inhabitants km~™2, and an urbanization rate of 97.3% (Instituto
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Fig. 1. Administrative regions in the SRJ, Brazil.
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Brasileiro de Geografia e Estatistica — IBGE, 2018). It is located in the
Southeast region of Brazil, between latitudes 20°45’54” and 23°21’57”S
and longitudes 40°57’59” and 44°53’18”W, and it is divided geopoliti-
cally into 92 municipalities and eight Administrative Regions (Green
Coast, Middle Paraiba, Center South, Metropolitan, Coastal Flats,
Mountainous, North and Northwest) — (Clemente et al., 2017a) (Fig. 1).

The physiography of the state is characterized by a mountainous
topography with steep slopes and isolated inselbergs, a diverse coastal
morphology with cliffs, bays, coves, and estuaries, and a mosaic of land
cover types. The Serra do Mar ridge crosses the state from Northeast
(NE) to South-west (SW) and reaches altitudes above 2300 m (Nehren
et al., 2013).

The state has diverse climatic characteristic because of its geo-
graphical position, which favors dynamic processes in the atmosphere.
Meteorological systems range from local to mesoscale and large scale.
The Southern Atlantic Convergence Zone (SACZ), Frontal Systems (FS),
South Atlantic Subtropical Anticyclone (SASA), and the High-Level
Cyclonic Vortex (HLCV) all interfere with the rainfall regime and in air
temperature distribution, being SACZ and HLCV the major influences
during drought periods in the Southeastern region of Brazil (Brito et al.,
2017; Clemente et al., 2017a; Sobral et al., 2019).

The entire state is located in the Atlantic Forest biome, and its
remnants now occupy < 20% of the statés area, including the following
associated ecosystems: forest (Ombrophylous and Seasonal) (Fig. 2)
pioneering formations, and ecotones.

Ombrophylous Forest refers to a forest typology composed pre-
dominantly of perennial trees, which are subjected to dry periods of up
to 60 days. Seasonal forests occur under a climate with well-defined
seasons, with dry periods between 90 and 120 days, leading to the loss
of 20-50% of the leaves in the forest complex. While the Pioneer
Formations occur in coastal areas, formed on sandy quaternary deposits
of marine origin, subject to abiotic adversities (high temperatures,
periods of drought, constant wind, high salinity, and nutrient shortage),
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that make their structure and organic functions different from any other
environments (Garbin et al., 2017).

2.2. Data collection

Different orbital sensors are used to detect fire foci, according to the
Center for Weather Forecasting and Climate Studies (CPTEC) of the
Brazilian National Institute for Space Research (INPE). The platforms of
the Moderate-Resolution Imaging Spectroradiometer (MODIS) sensor
TERRA/AQUA present orbital polarization, an image angle of ap-
proximately 55°, altitude of 700 km, and an image band of 2330 km.
For Brazil, the TERRA (MOD) satellite platform overlaps the Ecuador
border at 22:30 and 10:30 local time (LT), in the N-S direction and in a
descending orbit. The AQUA satellite platform (MYD) overlaps the
Ecuador border at 13:30 and 1:30 LT, in the S-N direction and in as-
cending orbit. These satellites travel and register the surface image of
the planet Earth every 1-2 days, acquiring data in 36 spectral bands
with a spatial resolution of 1 km, covering the spectrum of 0.4 to
14.4 ym with spatial resolutions of 250 m (2 bands), 500 m (5 bands),
and 1 km (29 bands) (Catila et al., 2016).

Fire foci data were obtained from the Queimadas database
(BDQueimadas), which was made available by CPTEC/INPE at http://
www.dpi.inpe.br/proarco/bdqueimadas/. Images generated by the
MODIS sensor (product MOD13Q1, collection 5.0), with spatial (250 m)
and temporal (16 days) resolutions, collected during 15 years (February
2000-December 2015) (Centro de Previsao do Tempo e Estudos
Climéticos — CPTEC, 2018) were used.

After organizing the downloaded fire foci time series, the Kernel
density method (Chen et al., 2015; Clemente et al., 2017a) was applied
using the Spatial Analyst Tools of ArcGIS software version 10.2, which
projects a circular neighborhood around each fire focus (20 km) for
each month during the studied period (Environmental System Research
Institute Inc. — ESRI, 2018).
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Fig. 2. Phytophysiognomies of the Atlantic Forest within the SRJ, Brazil.
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The EVI was obtained by analyzing MODIS sensor images, which are
available at https://lpdaac.usgs.gov/. For each EVI image, images with
“Pixel Reliability” are also generated and they provide information
about the radiometric quality of the images, where each pixel can be
classified into five categories: —1 (no data); O (reliable, unrestricted
data); 1 (marginal data, with restrictions); 2 (snow/ice); and 3 (cloud)
(Johann et al., 2012). The EVI/MODIS and “Pixel Reliability” images
form a mosaic and are distributed in the range of —2000 to 10,000, by
multiplying the integers by 10,000. For this work, a database of MODIS
products from the Empresa Brasileira de Pesquisa Agropecudria (EM-
BRAPA) was created (EMBRAPA, 2018).

2.3. Statistical analysis

Pettitt’s test (1979) was applied to the SRJ fire foci time series
(2000-2015) and sought to identify years of significant abrupt changes.
The years in which significant changes occurred in the time series were
selected considering the distributions: monthly (a), annual (b) and
seasonal (c).

The Kruskal-Wallis test was applied to assess vegetation cover (EVI)
(Zar, 1999), and boxplot representations were used for the years when
changes in fire foci were often repeated, verifying the existence of a
difference between mean EVI value and the number of fire foci
(p < 0.05). All statistics were generated using the R software en-
vironment version 3.4.2 (R Core and Team, 2018).

3. Results

Fire foci data registered within the SRJ included 10,548 fire foci.
The results of the Pettit test indicated that the years 2000, 2013, 2014
and 2015 presented spatial differences in the occurrence of fire foci in
the ERJ. For the year 2000, no map was generated due to the lack of
consistency in the data that resulted from the TERRA satellite initial
operations in January of that year, which left a gap for that month.
Additionally, no map was generated for the year 2014, because in that
year the same amount of fire foci as 2015 was recorded (Table 1).

Figs. 3 and 4 show the geospatial representation of the quantity of
fire foci per unit area (km?), for the years 2013 and 2015. Kernel’s
density revealed that the highest (high/medium) concentrations of fire
foci were mainly observed for the Northern and Metropolitan regions of
the SRJ (Figs. 2 and 3). It is also worth noting the core of fire foci
formed in the Coastal Flats region in the years of 2013 and 2015.
Contrariwise, the Mountainous and Green Coast regions recorded the
lowest values (Fig. 4). Fire foci in the SRJ show high variability in focus

Table 1
Time series (2000-2015) of number of fire foci according to the Pettitt test
results for the SRJ.

Time series (2000-2015) Pettitt test (p value) Number of abrupt changes of

fire foci in SRJ

2000 0.00508 16*
2001 0.05020 4
2002 1.24000 3
2003 0.00131 4
2004 0.00017 2
2005 0.20300 4
2006 0.00872 3
2007 0.00000 0
2008 0.00082 4
2009 1.37000 5
2010 0.02970 2
2011 0.10200 4
2012 0.0000003 1
2013 0.34100 11*
2014 1.76000 8*
2015 0.09490 8*

*Years with more repetition.
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density, and such variability occurred along the coast in both years.
Additionally, this variability in the density of fire foci takes place
windward of the Serra do Mar ridge (Fig. 4), especially in the dense
Ombrophylous Forest and Pioneer Formations, as presented in Fig. 2.

Based on the Kernel density, 2015 registered expressive number of
fire foci in the SRJ, with 13%, 37%, and 50%, observed for the high,
medium, and low classes, respectively. In the same period, its effects
practically tripled (13%) over the statés territory (Table 2). These fire
foci were registered during a very dry season (2013/2014) in the
Southeast region of Brazil, followed by the occurrence of a very strong
El Nifio event in 2015.

The inter-annual analysis of the average EVI for the SRJ showed a
significant difference in the quantity of fire foci (2013 and 2015), ac-
cording to the Kruskal-Wallis test (p < 0.05). Also according to the
Kruskal-Wallis test (p < 0.05), the occurrence of fire foci peaked at
years 2013 and 2015, with 2013 presenting the highest values of EVI
(Fig. 5b). Seasonally drier months (July and August) (p < 0.05) re-
corded significant decreases in their average EVI values (Fig. 5a), while
the rainy season (spring and summer) (p < 0.05) presented a sig-
nificant increase in the average EVI values, with an emphasis on the
months of February, March, and December. In the seasonal EVI eva-
luation (Fig. 5c¢) for the SRJ, there was variability between the seasons,
highlighting a significant decrease in spring (< 4000) and, thus, the
EVI was more sensitive to variations in this season.

The ecosystems in the Ombrophylous Forest, Seasonal Forest, and
Pioneer Formations (Fig. 2) presented an increase in forest cover from
2000 to 2013 for all administrative regions of the state, and a decrease
in the period from 2013 to 2015 (Fig. 6b).

Figs. 7 and 8 present the average annual EVI values for the Atlantic
Forest ecosystems (a) and different administrative regions of the SRJ (b)
in the year of 2015. During this year the greatest record of fire foci was
observed in the Ombrophylous Forest (Fig. 7), with greater emphasis on
the Metropolitan and Coastal Flats regions (Fig. 8).

4. Discussion
4.1. Fire foci in the SRJ at a local scale

The results of this study corroborate with Fernandes et al. (2011),
Catila et al. (2016) and Clemente et al. (2017a), which indicate that the
Metropolitan and Northern regions of SRJ are areas with greater
number of fire foci, possibly due to the combined action of interannual
climatic variations, anthropic actions and the evolution of orbital sen-
sors. However, not all fire foci represent a fire event (burning or forest
fire), and some of these sources may be associated with activities re-
lated to biomass burning (e.g. coal, fossil fuels), industrial activities,
among others (Van der Werf et al., 2010; Catla et al., 2016; Clemente
et al., 2017a).

In the North of SRJ, industrial activities represent 64.4% of the
region's economy (Medeiros Junior, 2013). The petroleum exploration
and sugar cane cultivation (with fields burning before harvest), in areas
with a high incidence of solar radiation and significant water deficit,
may explain the increase in fire foci (Figs. 2 and 5) in this region
(Fernandes et al., 2011).

The Metropolitan region of SRJ has been undergoing an intense
urbanization process over the last decades, with an economy based on
services and industry (Medeiros Junior, 2013). This scenario may be
directly related to the formation and intensification of the “urban heat
island” (UHI) phenomenon (Lucena et al., 2012), resulting mainly from
the burning of fossil fuels (Ribeiro et al., 2009).

A high occurrence of fire foci in the Coastal Flats was also observed,
especially in 2015. This region is composed of marine-level sandy plain
ecosystems, dune fields, and beaches, as well as extensive pastures and
exposed soil areas, which influence the albedo values of the surface and
atmospheric temperature, which probably contributes to the increase in
radiation absorption (Machado et al., 2014) (Figs. 3 and 4).
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Fig. 3. Fire foci density (km?) calculated for the year 2013 considering classes High, Medium and Low.

The Middle Paraiba region presented moderate amounts of fire foci,
although the region concentrates industrial and agricultural activities,
as well as the intensification of road traffic along the Presidente Dutra
Federal Highway (BR-116), an important connection axis between the
two largest urban centers of the country (Sdo Paulo e Rio de Janeiro)
(Caitla et al., 2016; Clemente et al., 2017b) (Figs. 3 and 4).

On the other hand, the Mountainous and Green Coast regions re-
corded the lowest number of fire foci, since both are one of the three
priority areas for biodiversity conservation in the Atlantic Forest, the
Serra do Mar Corridor, home to more than 70% of extinction en-
dangered species of this biome (Pinto et al., 2006). Likewise, the
Northwest region presented low relevance for the production of fire

Table 2

Total Areas (Km?) and quantities (unities) of fire foci divided by classes (High,
Medium and Low) in the SRJ, Brazilian the years of 2013 and 2015, respec-
tively.

Classes 2013 2015 Total
Area (Km?) Quantity Area (Km?) Quantity
(count) (count)
High 1.889 931 5.528 3.562 11.910
Medium 9.027 1.461 16.148 2.473 29.109
Low 32.841 1.349 22.082 772 57.044
Total 43.757 3.741 43.758 6.807 98.063
-42 -41
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Fig. 4. Fire foci density (km?) calculated for the year 2015 considering classes High, Medium and Low.
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foci, especially in 2015, which is possibly associated with low eco-
nomical activities in that region of the state (Medeiros Junior, 2013)
(Figs. 3 and 4).

4.2. EVI evaluation for the SRJ

The evaluation of fire foci is of great importance to the conservation
of natural resources, whether on a local, regional, or global scale be-
cause they represent changes in the thermal pattern that can negatively
affect the environment, society, and the economy (Graczyk et al.,
2017). Besides, geoprocessing tools have become essential to monitor
fire foci, conserve ecosystems in tropical forests, and prevent forest fires
(Toomey et al., 2011; Soares et al., 2016).

Comparatively, 2015 registered the increase of more than 50% the
number of fire foci compared to 2013 (Figs. 3, 4 and 5a). The period
from 2013 to 2014 registered low precipitation in the Southeast region
of Brazil, while in 2015, a very strong El Nifio event that reached up to
2.6 in the Oceanic Nifo Index (ONI) scale, may have influenced tem-
perature, air humidity, and rainfall, besides the activity of sources of
carbon sinks (oceans and vegetation) (IPCC, 2007; Frank et al., 2015;
Braga and Molion 2018; Sobral et al., 2019).

In spring, the interquartile range of EVI was remarkable throughout
the time series, especially concerning the 1st quartile, with greater
variation of EVL. It is noteworthy that at this time of year there is high
variability in rainfall records due to the performance of meteorological
systems in multi-scale rain producers (Brito et al., 2017). Regarding
symmetry, only the summer season stood out from the others, as it
demonstrated that the EVI in the SRJ was symmetrical in the studied
period, unlike the other stations with asymmetric distribution. This
symmetry in summer is due to the strong relationship of dependence
between vegetation vigor and rainfall regime in the SRJ (Gois et al.,
2016; Costa et al., 2017). Comparatively, the monthly and seasonal EVI
scales in the SRJ were highly variable during the study period, except
for the annual scale (Fig. 5a—c).

Even in the most optimistic carbon emissions scenarios, probably by
the year 2100, the planet's average temperature will increase by at least
2 °C (IPCC, 2014). Wu et al. (2015) point out that, for the eastern coast
of South America (Atlantic Rainforest), the effects of radiation will be
the first perceived impact with climate change. South American forest
ecosystems are more vulnerable to climate change than other ecosys-
tems because drastic changes in climate patterns can accelerate the loss
of ecosystem resilience, leading to another steady-state in the density of

vegetation cover (Anjos and Toledo, 2018). Nevertheless, it is expected
for the Atlantic Forest future climate changes due to global warming,
but these changes will be less representative when compared to the
direct effect of land-use change (Salazar et al., 2015).

In this study, the ecosystems in the Ombrophylous and Seasonal
forests showed a decrease in average EVI values (Figs. 6a and 7). This
may also suggest that areas best suited to warmer and drier environ-
ments may be slightly expanding into environments that are historically
occupied by moist forests. However, pioneer formations and transi-
tional forests grew in the area during the study period, suggesting an
increase in the average EVI values (Figs. 6a and 7). Particularly in the
dry periods (March to September), the rays of the sun have wider angles
in these regions, and this contributes to increased radiation exposure
and results in longer days, resulting in higher temperatures in practi-
cally the entire Southeast region of Brazil. The exceptions are high al-
titude areas where temperatures are milder during all seasons (Catila
et al., 2015, 2016; Clemente et al., 2017a,b).

The increase in temperature and evapotranspiration (ET) reduces
the amount of water in the soil, even when rainfall does not decrease
significantly, which can trigger the replacement of the current biomes
by others more adapted to climate change, i.e., tropical savannahs re-
placing tropical forests; (Nobre et al., 2008; Scarano and Ceotto, 2015),
and possibly also tropical rainforests. Some of the scenarios that are
predicted as effects of climate change on tropical vegetation suggest
that forests and savannas could represent alternative stable states, im-
plying critical transitions in the stability points of these biomes (Santos
et al., 2017).

4.3. Orbital products and public conservation policies applied to the Atlantic
forest

The use of RS technology provides a practical and economical
means for assessing the spatial variability of natural resources in large
areas. Due to the high spatial resolution (Xue and Su, 2017; Xie et al.,
2008) of vegetation cover (Formigoni et al., 2011) and of meteor-
ological parameters (MODIS), which are fundamental requirements for
research on global climate variability, this study used the MCD12Q1
(Cadla et al., 2016; Clemente et al., 2017a) orbital product to assess
both themes. This orbital product has been the main source of in-
formation, since there is no on-site monitoring, and the fire brigade
only record fires via the Fire Occurrence Report (FOR) (Oliveira-Jinior
et al., 2017).



W.K. Freitas, et al. Ecological Indicators 115 (2020) 106340

— EVI Medium_2000

----  EVIMedium_2013 Ombrophyllus Forest (a)
——=— EVIMedium_2015

Seasonal Forest Pioneer Formation

Ecological Transition Zone

—— EVI Medium_2000

==== EVIMedium_2013 Green.Coast (b)
—=—= EVIMedium_2015

Mountainous

Coastal.Flats

Parayba.Valley Northwest

Center.South

Fig. 6. Radar diagram for the average annual EVI (2000, 2013, and 2015) considering (a) Atlantic Forest physiognomies and (b) Administrative regions in the SRJ,
Brazil.
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Fig. 7. Average annual EVI values for the Atlantic Forest ecosystems in the year 2015.

Another relevant issue is that the fire hazard index (FHI) monitoring
does not cover the whole region, since it depends on a homogeneous
and consistent series of automatic meteorological stations data, not yet
available in Brazil. The main drawback is that the fire foci data is an
estimate of the occurrence of burnings and forest fires from orbital
sensors that perform the imaging of the terrestrial surface. In the case of
the time series used in the study, AVHRR (Advanced Very High-
Resolution Radiometer) and MODIS. The AVHRR performs the radia-
tion detection to remotely determine the surface temperature, which in
the case of the fire foci is Land Surface Temperature (LST) > 47 °C.
This may provide non-existent data, for example, granites, water,
buildings or industrial parks (Catla et al., 2015, 2016). MODIS has low
spatial resolution, especially when compared to Landsat images. How-
ever, many of the changes in forest cover occur on a 250-meter pixel
compatible scale (Townshend and Justice, 1988).

There is no single vegetation spectral classification index ideal for
all plant typologies. EVI and NDVI (Normalized Difference Vegetation
Index) are the most commonly used indexes and may present good
adjustments in most of the thematic classes (Gois et al., 2016; Silva
et al., 2019). However, NDVI is more accurate for chlorophyll, whereas
EVI is more effective for canopy structural variations, plant physiog-
nomy and crown architecture (Huete et al., 2002), according to this
study. Nevertheless, one of the characteristics inherent in the use of
vegetation indices obtained by MODIS sensor products is the presence
of noise that is caused by atmospheric interference (cloud cover) or by
relatively high angles of incidence of the sensor.

However, the lack of certainty about the impact of climate change
on the planet (Canhos et al., 2008; Gobbo et al., 2016), especially in
ecosystems of the Atlantic Forest, represents an obstacle in assessing the
vulnerability and impact of climate change and implementing

EVI Value

wm High : 6924

Ll Low : -2887

[J ERJ Administrative Regions

IS
IS

Fig. 8. Average annual EVI values for the different administrative regions in the SRJ in the year 2015.
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adaptation and mitigation measures (Nobre et al., 2008; Krug, 2008).
The process of forest fragmentation has created a pattern of forest
remnants that are surrounded by a matrix of agricultural land, pastures,
artificial forests (eucalyptus or pine) and urban areas where more than
80% of the fragments are < 50 ha (Ribeiro et al., 2009; Scarano and
Ceotto, 2015). Since in intensely anthropic landscapes, forestry re-
generation is not expected to lead to a forest structure that is similar to
most of the conserved ecosystems, at least not without active invest-
ment in restoration and in physical (floods, droughts, fires), biological
(physiological and behavioral patterns of species), ecological (bio-in-
vasions, extirpations, and extinction), and socioeconomic systems,
which especially affect the most vulnerable populations (e.g. epidemics,
reduction in food supply) (D'Albertas et al., 2018).

5. Conclusion

A high variability in the density of fire foci was observed in the SRJ
over 15 years, especially during the dry years of 2013-2014 followed
by the Super El Nifio of 2015, and the most fire foci were observed in
the driest months (fall and winter). The North and Metropolitan regions
of Rio de Janeiro are the main areas with an increase in fire foci density,
with a corresponding reduction in the EVI index associated to the
transformations that have been taking place in land use and occupation
patterns. In these regions, highlights for activities associated with fire
foci related to agricultural activities and urbanization processes (e.g.
burning of fossil fuels). The value of the EVI suggests a transformation
in the forest cover in the SRJ, especially between the more open phy-
siognomies (Ecotones and Pioneer formations) and the more closed
(Ombrophylous forest) areas. Fire foci monitoring associated with the
EVI applied at different scales in the SRJ is of paramount importance to
direct the application of mitigation measures against potential future
losses and damage associated with the impact of climate change and
can be a good tool for planning and managing natural resources in the
Atlantic Forest.

Using this study, new research should be conducted to evaluate the
significant changes in the structure and functioning of the ecosystems of
the Atlantic Forest considering the fire foci occurrence. Therefore, the
expansion of interdisciplinary studies regarding different branches of
ecology (landscape, ecosystems, and communities), climatology, and
geotechnology are necessary to assess the impact of global climate
change in the ecosystems of the SRJ, Brazil.
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