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RESUMO 
Duas grandes causas para o declínio da biodiversidade global são a perda e a 

fragmentação de habitats. A mudança do uso do solo vem sendo acelerada globalmente, 
e, consequentemente são necessárias estratégias e novas tecnologias para a 
conservação de remanescentes de ecossistemas nativos e a restauração de áreas 
degradadas. Algumas das técnicas que podem ser utilizadas como novas tecnologias são 
aliadas ao sensoriamento remoto, que vêm se tornando amplamente úteis por terem 
resultados eficientes, rápidos e atingirem diversas escalas espaciais. No Brasil, um 
grande bioma que vem sendo estudado por técnicas de sensoriamento remoto de 
maneira sistemática há décadas é a Mata Atlântica, que é reconhecida por ser um 
“hotspot” de biodiversidade global. Historicamente, um dos tipos florestais da Mata 
Atlântica mais explorados foi a Floresta com Araucária, caracterizada pela presença da 
conífera Araucaria angustifolia. Ao longo do último século, sua área de distribuição 
sofreu uma redução drástica devido ao desmatamento, levando A. angustifolia ao risco 
de extinção. Portanto, são urgentes avaliações precisas e rápidas da distribuição e 
abundância dessa espécie a fim de auxiliar seu manejo e sua conservação. O objetivo 
deste estudo foi usar o sensoriamento remoto para desenvolver uma abordagem em 
múltiplas escalas para detectar, mapear e delinear estandes de A. angustifolia e, se 
possível, indivíduos isolados. Para isso, utilizamos imagens de satélite Worldview-2 em 
três áreas de estudo inseridas no núcleo da distribuição da Floresta com Araucária, no 
Estado do Paraná, Brasil. Utilizando o algoritmo Random Forest, conseguimos delinear 
estandes de A. angustifolia com precisão superior a 90% em todos os locais de estudo. 
Os resultados mostram que A. angustifolia não possui uma assinatura espectral 
constante entre os três locais, mas apresenta uma diferença em relação ao restante das 
espécies que ocupavam as áreas de estudo, permitindo assim, sua diferenciação. 
Sabendo exatamente onde estão os indivíduos dessa espécie, poderemos orientar 
estudos futuros sobre priorização espacial para a conservação da Floresta com 
Araucária. 
 
Palavras chave: Assinatura espectral, Desmatamento, Random Forest, Sensoriamento 
Remoto. 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

ABSTRACT 

Two important causes for the decline in global biodiversity are habitat loss and 
fragmentation. Land use change is accelerating globally, and consequently, we urgently 
need strategies for the conservation of native ecosystems remnants and the restoration 
of degraded areas. Remote sensing technologies have become widely used for fast and 
efficient assessments and detection across multiple spatial scales. Brazil’s Atlantic Forest 
is a recognized global biodiversity hotspot. The Araucaria mixed forest, characterized by 
the coniferous Araucaria angustifolia, was previously one of the dominant forest types 
in the Atlantic forests but its area has declined severely due to deforestation. 
Consequently, A. angustifolia is now a species at risk of extinction. Therefore, accurate 
assessments of this species’ distribution and abundance across its former range are 
urgently needed to inform conservation management. The aim of this study was to use 
remote sensing to develop a multi-scale approach to detect, map and delineate A. 
angustifolia stands and, if possible, individual trees. For this, we used Worldview-2 
satellite images for three study sites in the core of the Araucaria mixed forest 
distribution, in Paraná State, Brazil. Using a Random Forest algorithm, we were able to 
delineate A. angustifolia stands with an accuracy greater than 90% in all of our study 
sites. We were able to observe that A. angustifolia does not have a constant spectral 
signature among sites, but a constant difference from the rest of the species that 
occupied the study areas. By knowing exactly where the individuals of this species 
are, we will be able to guide future studies on spatial prioritization for the conservation 
of Araucaria mixed forest. 

Keywords: Deforestation, Remote sensing, Random Forest, Spectral Signature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
APRESENTAÇÃO 
 

A presente dissertação foi redigida em formato de artigo a ser submetido à 

revista Remote Sensing of Environment, que tem como foco publicações sobre o uso do 

sensoriamento remoto aplicado ao meio ambiente, incluindo temas como identificação 

de espécies e conservação. 

O uso do sensoriamento remoto e do geoprocessamento tem fornecido novas 

oportunidades para o monitoramento de espécies (Fagan et al. 2015). Podemos ver 

exemplos de estudos de como o sensoriamento remoto utilizando sensores óticos, 

pontos de GPS e radares podem obter dados fundamentais para ecologia e conservação 

ao redor do mundo, como dados sobre padrões de movimentação animal (Tucker et al. 

2018) e avaliação de cobertura florestal (Hislop et al. 2019; Rose et al. 2015; Turner et 

al., 2015; Vadrevu et al. 2019). No Brasil, existem diversos projetos que buscam fazer uso 

do sensoriamento remoto, como de órgãos governamentais como o Instituto Nacional 

de Pesquisas Espaciais (INPE), que disponibiliza dados de diversos satélites em diversos 

períodos de tempo. 

Um bioma brasileiro que vem sendo bem estudado com o uso de sensoriamento 

remoto é a Mata Atlântica (veja por exemplo, Ribeiro et al. 2009; Rezende et al. 2018; 

SOS Mata Atlântica & INPE 2019), que é um hotspot de biodiversidade mundial, com 

elevados níveis de endemismo e fragmentação. Estima-se que reste apenas de 11 a 28% 

de sua cobertura original (Ribeiro et al. 2009; Rezende et al. 2018). Uma das 

fitofisionomias mais exploradas da Mata Atlântica é a Floresta com Araucária, que é 

caracterizada pela presença da Araucaria angustifolia, uma espécie atualmente 



 

 

ameaçada de extinção (Carlucci et al. 2013; IUCN, 2013). Estudos recentes apontam que 

sua fragmentação está em níveis alarmantes, com coberturas que podem chegar a 

apenas cerca de 6% de sua área original (Zorek in prep., 2020). Sendo assim, são 

necessárias ações urgentes para a conservação das espécies da Floresta com Araucária. 

Em nosso projeto, desenvolvemos e investigamos a acurácia de identificação 

automatizada de Araucaria angustifolia em imagens do satélite de alta resolução 

Worldview 2 usando o algoritmo Random Forest no Google Earth Engine e no software 

R.  
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ABSTRACT 

Two important causes for the decline in global biodiversity are habitat loss and 

fragmentation. Land use change is accelerating globally, and consequently, we urgently 

need strategies for the conservation of native ecosystem remnants and the restoration 

of degraded areas. Remote sensing technologies have become widely used for fast and 

efficient assessments and detection across multiple spatial scales. Brazil’s Atlantic Forest 

is a recognized global biodiversity hotspot. The Araucaria mixed forest, characterized by 

the coniferous Araucaria angustifolia, was previously one of the dominant forest types 

in the Atlantic forests but its area has declined severely due to deforestation. 

Consequently, A. angustifolia is now a species at risk of extinction. Therefore, accurate 

assessments of this species’ distribution and abundance across its former range are 

urgently needed to inform conservation management. The aim of this study was to use 

remote sensing to develop a multi-scale approach to detect, map and delineate A. 

angustifolia stands and, if possible, individual trees. For this, we used Worldview-2 

satellite images for three study sites in the core of the Araucaria mixed forest 

distribution, in Paraná State, Brazil. Using a Random Forest algorithm, we were able to 

delineate A. angustifolia stands with an accuracy greater than 90% in all of our study 

sites. We were able to observe that A. angustifolia does not have a constant spectral 

signature among sites, but a constant difference from the rest of the species that 

occupied the study areas. By knowing exactly where the individuals of this species 

are, we will be able to guide future studies on spatial prioritization for the conservation 

of the Araucaria mixed forest. 

Keywords: Deforestation, Spectral Signature, Remote sensing, Random Forest 
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1 INTRODUCTION  
 

Global changes resulting from human activities, such as urban development and 

land use conversion to agriculture, are widespread and have been resulting in dramatic 

declines in global biodiversity (Komatsu et al. 2019; Marco et al. 2019). Rapid land 

conversion in global biodiversity hotpots are likely to have some of the most dramatic 

impacts. One such example is the Brazilian Atlantic Forest (Mata Atlântica), which is 

characterized by very high species diversity and endemism (Myers et al 2000; Zwiener et 

al. 2017).  Estimates made by Ribeiro et al. (2009) show that the actual land cover of 

the Brazilian Atlantic Forest ranged from 11.4% to 16% (using satellite imagery from 

2005), out of which 32% to 40% correspond to small fragments (<100ha).   

Araucaria mixed forest is one of the main Atlantic Forest phytophysiognomies. It 

is predominantly found on the Southern Brazilian Plateau (Planalto Sul-

Brasileiro), stretching from southern São Paulo State in Brazil and part of the Misiones 

province in Argentina. The Araucaria mixed forest is named after the tree 

species Araucaria angustifolia, which is a conifer species with a candelabrum-shaped 

crown that is threatened to extinction. Araucaria angustifolia is classified 

as endangered (EN) by the Brazilian Red List (Carlucci et al. 2013) and critically 

endangered (CR) by the IUCN Red List (IUCN 2013). Araucaria mixed forest is very rich in 

biodiversity, especially phylogenetic diversity, because it is composed of lineages from 

very different moments of the evolutionary history of vascular plants and it forms 

mosaics with native montane grasslands (Behling & Pillar 2007; Duarte et al. 2014).  

Araucaria mixed forests are very threatened due to a long history of severe 

habitat fragmentation, caused mostly by logging and conversion to other land uses (Koch 
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& Correa 2010; Ribeiro et al. 2009). Based on current literature, just 12.6% of the original 

coverage of the Araucaria mixed forest remains (Ribeiro et al., 2009). However, these 

assessments are already outdated, as they based on satellite imagery from 2005, and are 

limited to broad-scale mapping of general plant communities (Ribeiro et al., 2009). Little 

information exists about the actual extent of Araucaria mixed forest cover, let alone an 

approximate size of the remaining population of A. angustifolia. More detailed 

assessments and maps of A. angustifolia forest cover and distribution are urgently 

needed to inform conservation and management decisions. Moreover, accurate maps of 

Araucaria distribution could be used for future restoration of degraded areas 

(Brancalion et al. 2016).   

Zorek et al. (In Prep) provide an updated estimate of Araucaria mixed forest 

status and distribution using existing mid-resolution optical (combination of Sentinel 1 

and Landsat) satellite data. However, Zorek et al (In Prep) were not able to delineate 

individual trees or estimate how many trees exist in the remnant patches that were 

detected, the accuracies were variable and  more detailed mapping at finer scales 

would be desirable to reduce the confusion of A. angustifolia with other similar trees 

and forest types. Therefore, it was not possible to ask questions at the individual or 

population scale. Answering such questions is important for a better understanding of 

the conservation status of Araucaria mixed forest remnants. Particularly, A. 

angustifolia as a species may be used as a proxy of the conservation status of 

the Araucaria mixed forest fragments, because it is typically the dominant species in old-

growth Araucaria forests (Koch & Correa 2010).   
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Trying to reach better analysis and assessment, the remote sensing technology 

and geoprocessing analyses (e.g. tools, data, and algorithms) appear as ways towards 

providing new and exciting opportunities to more accurately delineate, measure, and 

monitor species and habitat type status and distribution (Fagan et al. 2015). Around the 

world, we have some good examples of how remote sensing using optical sensors, GPS 

points and radar can obtain extremely important data for ecology and conservation, for 

instance  in studies that evaluate animal movement (Tucker et al. 2018), in monitoring 

projects and in studies that evaluate the state of forest cover (Hislop et al. 2019; Rose et 

al. 2015; Turner et al., 2015; Vadrevu et al. 2019). These advances benefit from increased 

availability of remote sensing data collected at different altitudes by different platforms 

(e.g., satellite, airplane, unmanned aerial vehicles), as well as the development of new 

sensors (e.g., LiDAR, hyperspectral), improvements in radiometric and spatial resolution 

of the data collected, and vastly enhanced algorithms. Such improvements may provide 

technologies for accurately detecting and mapping critical biodiversity elements such 

as Araucaria angustifolia, and thus allow us to develop data that is critically needed for 

the conservation of these species and their associated natural communities.   

In this study, we developed a remote sensing approach to detect, map and 

delineate individual A. angustifolia trees.  Our approach integrates on-the-ground field 

surveys, and object-based identification of Araucaria trees from WorldView-2 satellite 

imagery. Our goal was to develop the methods and tools to estimate not only the 

accurate distribution of A. angustifolia across three sites in the south of Brazil but also 

estimate the population size; i.e. how many trees are left in each site.  
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2 METHODS 
 

2.1 Study sites 

We mapped Araucaria angustifolia across three study sites located in 

Paraná State, Brazil (Fig. 1). The smallest site, Capão do Tigre, located in 

Curitiba municipality, covers an area of 4.45 ha, followed by Canguiri Farm in Quatro 

Barras municipality, which covers 103.79 ha. The largest site, Gralha-Azul Farm was in 

Fazenda Rio Grande municipality and covers 571.00 ha.  

 

Figure 1: Study sites in the state of Paraná, Brazil. A) Gralha-azul Farm (FEGA) – Fazenda 

Rio Grande/PR (25°39'29.21"S, 49°17'17.20"W); B) Capão do Tigre – Curitiba/PR 

(25°26'53.01"S, 49°14'21.74"W); C) Canguiri Farm – Quatro Barras/PR (25°23'23.06"S, 

49° 7'53.4 
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2.2 Remote Sensing Approach 

 We used Worldview-2 satellite images (from year 2018) to consistently map and 

delineate A. angustifolia stands and trees in  all study sites (Fig. 2). The Worldview – 2 

image have a panchromatic spatial resolution of 0.46 meter GSD at Nadir, 0.52 meter 

GSD at 20 degrees off-Nadir, multispectral spatial resolution of 1.84 meters GSD at Nadir, 

2.08 meters GSD at 20 degrees off-Nadir. Its dynamic range is 11-bits per pixel. All of our 

images have a cloud coverage less than 15%. We use all the spectral bands to our analysis 

(Coastal – Blue – Green – Yellow – Red – Red Edge – Near-infrared 1 – Near-infrared 2). 

 

 

 

Figure 2: Flow chart of the steps of the remote sensing analysis.1- Worldview 2 Image 

processing: Combination of multispectral and panchromatic data; 2 and 3- Delineation 

of training polygons; 4 and 5- Classification with Random Forest in Google Earth Engine; 

6 -  Validation analysis: Accuracy assessment (Out of bag and Ground points control). 
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2.3 Image Processing and Classification 

After clipping the imagery to regions of interest surrounding our study area (Fig. 

3) we performed radiometric correction, applied an atmospheric correction using 

the Fast Line-of-sight Atmospheric Analysis of Hypercubes algorithm- FLAASH (ESRI, 

2011) (Fig. 3b). To visually enhance the multispectral data, we applied pan sharpening 

(Fig. 3c). After the image processing, we made a clip of each image, selecting just the 

study area (excluding cities, roads, and buildings) using the software ArcGIS. 

 

Figure 3: a) Clip of the region of Capão do Tigre study site. b) Atmospheric correction 

(FLAASH). c) Pan sharpening. 

To classify images and differentiate A. angustifolia from other species, we 

used a pixel-based approach with supervised classification, which delineates individuals 

of A. angustifolia and other forest species (only forest pixels were used for classification) 

(Fig. 4), trying to establish an accurate model to identify the species.   
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Figure 4: Outline of training polygons in Capão do Tigre.  Araucaria angustifolia crowns 

are outlined in yellow. Other species are outlined in blue. 

For our supervised classification, Random Forest machine learning (RF) algorithm 

was implemented in Google Earth Engine (GEE). The RF algorithm constructs multiple 

and random decision trees that are bootstrapped to classify a dataset, and allows the 

analyst to control data noise and avoid overfitting (Breiman, 2001).   

We delineated 60 training polygons for each category (A. angustifolia and other 

species) in the Capão do Tigre study site, 150 training polygons for each category 

in Canguiri Farm and 350 training polygons for each category in Gralha-

azul Farm.  Based on these training data, we ran RF in GEE with 500 random trees in 

each study site.  

2.4 Estimation of how many Araucaria individuals exist in the areas  

We proposed a formula to estimate how many Araucaria trees are inside the 

study sites: 

 

 In which   
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TCA = Total area marked as A. angustifolia in the classification,   

APS = Average area of the crown polygons inside each study site, and   

NAI = Number of Araucaria trees.   

As the average diameter of the A. angustifolia crown polygons, we used 10.8m (average 

diameter) as proposed by Kein (2017).  

2.5 Validation and accuracy assessments      

 We evaluated the accuracy of our A. angustifolia maps across all three study 

sites using the out-of-bag (OOB) data provided by the RF algorithm in GEE.  The OOB 

uses 30% of the training data as a validation dataset to measure the accuracy of the 

classification.   

Additionally, for a more independent assessment, we were able to utilize data from a 

ground survey conducted by Centro 

de Excelência em Pesquisas sobre Fixação Carbono na Biomassa - BIOFIX Lab, Federal 

University of Paraná, for one of the study sites. These data consist of GPS coordinates for 

335 individuals of A. angustifolia at the Capão do Tigre site (Vasconcellos et al., In prep). 

We overlaid these GPS data with our A. angustifolia map and determined how many 

points were missing.  

2.6 Statistical analysis 

We used the R Studio software (R, 2019) to evaluate the differences in the 

spectral signature of A. angustifolia and other tree species. After our classification using 
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RF in GEE, we generate two classes (A. angustifolia and other species). We select 100 

random pixels inside each class boundary and extract the wavelength values of each pixel 

using raster package. Using the ggplot2 package we generate boxplots and density plots 

to compare the profile of each satellite band with each classification class.  

3 RESULTS 

3.1. Mapping Araucaria angustifolia from high-resolution satellite imagery 

Individual trees of A. angustifolia found in native forest patches can be identified 

and mapped from pan-sharpened Worldview-2 imagery, using their unique multispectral 

characteristics (Fig. 5). Based on our random forest classifications, we found 

considerable variation in the prevalence of A. angustifolia in the canopies of the study 

sites (Table 1). Araucaria angustifolia was the dominant tree in terms of 

cover in Capão Tigre (51.24%; Table 1), less dominant in the Canguiri Farm (32.55%; 

Table 1), and relatively sparse at Gralha-Azul Farm (15.35%; Table 1).   

Table 1: Canopy area and percent of Araucaria angustifolia compared to other canopy 

trees across three study sites in Paraná State, Brazil. 

Study area Total forest [ha] A. angustifolia [ha] Other forest [ha] 

Gralha-Azul Farm 571.00 87.65 (15.35%) 483.35 (84.65%) 

Canguiri Farm 103.79 33.78 (32.55%) 70.01(67.45%) 

Capão Tigre 4.45 2.52 (56.49%) 1.93 (43.51%) 
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Figure 5: Worldview-2 RGB image (A, C, E) and resulting forest canopy maps delineating 

Araucaria angustifolia stands and trees using a Random Forest classified (B, D, F) across 

three study areas in Parana State, Brazil. Araucaria angustifolia trees in white; forest 
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species in black. A and B) Gralha-Azul Farm; C and D) Capão do Tigre; E and 

F) Canguiri Farm. 

 

3.2. Spectral response of A. angustifolia trees  

A. angustifolia trees exhibited a distinct spectral response across Worldview-2 

bands (Fig. 6).  Although there was a general pattern, we observed differences in 

spectral response across the three study sites. In our biggest site (Gralha-azul Farm), A. 

angustifolia showed lower reflectance range than other tree species for bands 2 (Blue), 

3 (Green), 5 (Red), 6 (Red Edge) and 7 (NIR 1) (Fig.6A). In our smaller study site (Capão do 

Tigre) the differences in reflectance’s appeared mainly for bands 3 (Green), 4 (Yellow), 5 

(Red), 6 (Red Edge), 7 (NIR 1) and 8 (NIR 2) (Fig.6B). At Canguiri Farm, reflectance was 

higher for A. angustifolia for bands 3 (Green), 4 (Yellow), 5 (Red), 6 (Red Edge), 7 (NIR 1) 

and 8 (NIR 2) (Fig.6C). These differences were also apparent in density plots (Fig. 7).   



 

13 
 

 

Figure 6: Paired boxplot of spectral responses of Araucaria angustifolia and other forest 

trees in Brazilian Atlantic forest across three study sites in Paraná State, Brazil. Class 1: 

A. angustifolia, Class 0: Other species. Reflectance values were derived from Worldview-

2imagery (Bands: 1 – Coastal; 2 – Blue; 3 – Green; 4 – Yellow; 5 – Red; 6 – Red Edge; 7- 

Near-Infrared 1; 8 – Near-Infrared 2). A) Gralha-Azul Farm boxplot; B) Capão do Tigre 

boxplot; C) Canguiri Farm boxplot. The right side of the plot shows the Worldview-2with 

the best band composition for visually separating the A. angustifolia, according A. 

angustifolia can be recognized in the images as: A) Darker forms in green; B) Darker 

forms in red; C) Darker forms in gray/green.  
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Figure 7: Density plots of spectral responses of Araucaria angustifolia and other forest 

trees in Brazilian Atlantic forest across from Worldview-2imagery at an ensemble of all 

the sites, Parana State, Brazil.  Bands:  1 – Coastal; 2 – Blue; 3 – Green; 4 – Yellow; 5 – 

Red; 6 – Red Edge; 7- Near-Infrared 1; 8 – Near-Infrared 2. A. angustifolia are represented 

by red curves and other species by blue. 

3.3. Validation – Random Forest 

There was high accuracy for separating A. angustifolia from other forest at all 

study sites, with an overall “Out-of Bag” accuracy of 0.9369 (93.69%) for Gralha Azul 

Farm (Table  2),  0.9763 (97.63%), for Capão de Tigre (Table 3),  and 0.9714 (97.14%) 

for Canguiri Farm (Table 4). 
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Table 2: Commission and Omission error of Gralha-azul Farm.

Gralha-Azul 
Farm 

A. angustifolia Other trees 
species 

Total Commission 
error 

A. angustifolia 1901 196 2097 9% 
 

Other trees 
species 

 
129 

 
2926 

 
3055 

 
4% 

 
Total 

 
2030 

 
3122 

 
5152 

 

 
Omission error 

 
6% 

 
6% 

  

 

Table 3: Commission and Omission error of Canguiri Farm.

Canguiri Farm A. angustifolia Other trees 
species 

Total Commission 
error 

A. angustifolia 407 11 418 2% 
 

Other trees 
species 

 
12 

 
340 

 
352 

 
3% 

 
Total 

 
419 

 
351 

 
764 

 

 
Omission error 

 
2% 

 
3% 

  

 

Table 4: Commission and Omission error of Capão do Tigre

Capão do Tigre A. angustifolia Other trees 
species 

Total Commission 
error 

A. angustifolia 979 17 996 1% 
 

Other trees 
species 

 
12 

 
132 

 
144 

 
8% 

 
Total 

 
991 

 
149 

 
1140 

 

 
Omission error 

 
1% 

 
11% 

  

  



 

16 
 

3.4. Estimating the number of Araucaria angustifolia trees from canopy maps. 
 

Figure 8: Validation for Araucaria angustifolia map at Capão de Tigre study sites in 

Paraná State, Brazil. Red dots are the GPS points of 335 A. angustifolia individuals 

identified on the ground. White = A. angustifolia trees from classification, black = other 

forests. 

 

Using the simple calculations that related average crown size reported for A. 

angustifolia to the area covered by this species in our maps, we estimated that there are 

at least 13,518 trees distributed across our study areas.  Abundance and density of trees 

was very different across our sites, with very higher densities in the smaller sites (Table 

5).   
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3.5 Validation using ground-survey data  

Based on a ground survey at Capão de Tigre, we found that our map was 

nearly 90% accurate in detecting Araucaria trees (Fig. 8).  While the ground survey 

detected 355 individual A. angustifolia, we estimated 280 based on satellite analysis 

of the canopy and average crown size. The omissions are likely due to the inability of 

mapping understory A. angustifolia individuals using optical remote sensing data from 

Worldview-2 (In our ground-survey data, there are 43 individuals with DBH < 20 cm, 

which probably do not reach the canopy).   

Table 4: Number of A. angustifolia individuals in each study site and per hectare 

Study site Nº of A. angustifolia A. angustifolia Density 

[trees / ha] 

Gralha-Azul Farm 9570 16.76 

Capão do Tigre 280 62.92 

Canguiri Farm 3668 35.34 

 

 

4 DISCUSSION 

Using a random forest algorithm, we found that Araucaria angustifolia trees showed 

different spectral signatures compared to a joint signature or all other canopy trees. 

This finding shows that pan-sharpened Worldview-2 imagery is highly suited for a 

multispectral classification of trees in the canopies of the Araucaria mixed forest. We 
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show that in smaller sites, we have different patterns of bands importance to 

differentiate the trees species when compared to biggest sites. This difference can be 

associated to the density of A. angustifolia individuals (Table 4), where low densities can 

be associated to an approximation in the spectral profile of the A. angustifolia with other 

species, but even so it is still possible to make the classification with high accuracy.  

The success of the algorithm based on all spectral bands is mainly due to the 

difference in the shape of the canopy and leaves of A. angustifolia individuals compared 

to other species.  Conifer trees should have less absorption and more reflectance in the 

red band (because broadleaf has more chlorophyll, which absorbs red). Less absorption 

and more reflectance in the near infra-red bands because conifer leaves usually have a 

lower water content (Hall et al. 1992; Roberts et al. 2004).   

Other studies on tree recognition using satellite imagery have studied different 

environments and other trees (Dalponte et al. 2012; Immitzer et al. 2012).  Immitzer et 

al. (2012) used Worldview-2 images to detect 10 trees species in a temperate forest in 

Austria, and they got good results. In our case, however, we aimed to identify a specific 

tree within a more diverse forest with respect to the shapes of the crowns and number 

of species.   

Consequently, this is a pioneering study in terms of using high resolution images 

from the Worlview-2 satellite to identify A. angustifolia crowns of a specific tree 

species. Pesck et al. (2018), using fuzzy logic and K Nearest Neighbor (KNN) applied 

to Quickbird II images, were also able to identify A. angustifolia crowns. Nevertheless, 

they studied just one site. We showed that there might be major differences between 

study sites in terms of reflectance, which can be explained based on the density of A. 

angustifolia in each area. Therefore, studying only one site is not enough to pursue a 
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more general algorithm that in the future may be able to identify Araucaria crowns over 

broad spatial scales. 

We have some advantages and disadvantages in our methods. Our main advantages 

are the high accuracies (>90%) across all our study sites and that we have ground data 

to confirm the exact positions of A. angustifolia trees provided by our satellite 

classification. Our main disadvantage is that we are not able to recognize young trees 

under the canopies of adult trees, which would be important to understand whether 

there are new individuals recruiting. This issue could be solved with field work in specific 

interest study areas after a more general classification. 

Araucaria angustifolia is highly endangered by the unsustainable exploitation. 

Developing new and efficient approaches to mapping all remaining trees of this species 

is critical for its conservation. Our approach could be extended to try and assess the 

number of Araucaria trees in a forest stand or the entire extension of 

the Araucaria mixed forest. Evaluating the number of individuals can help in 

management actions by enabling, for instance, to verify expansion or contraction of the 

species. Our framework can be used to evaluate where A. angustifolia individuals are 

and how many individuals of the species exist in specific sites without need of field work, 

which can be money and time demanding. 

 

5. CONCLUSIONS 

 The central aim of this study was testing the integrated use of Worldview-2 

imagery and random forest classifiers to identify and delineate A. 

angustifolia individuals from satellite. Using Random Forest on Google Earth Engine 
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we were able to identify with high accuracy individuals of the species. We found that the 

spectral signature of the A. angustifolia tree indeed differs from other cooccurring 

species, but that it varies between sites, which seems related to the density of A. 

angustifolia stands in the mixed forest. 
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CONSIDERAÇÕES FINAIS 

  O objetivo central deste estudo foi testar o uso integrado de imagens de alta 

resolução do satélite Worldview-2 com o algoritmo de classificação supervisionada 

Random Forest para identificar e delinear indivíduos de A. angustifolia nas imagens 

do satélite. Usando o algoritmo tivemos acurácias maiores do que 90% em todas 

nossas áreas de estudo. Nós encontramos diferenças nas assinaturas espectrais dos 

indivíduos de A. angustifolia frente outras espécies, o que parece ser relacionado 

com a densidade de indivíduos presentes em cada sítio de estudo. 
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