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Abstract 

 

The Amazon is home to a vast biodiversity and plays a crucial role in the maintenance and conservation of the planet. The progress of 

anthropogenic activities in the region is one of the drivers of land cover change. Studying these changes through remote sensing enables 

the monitoring of degradation and deforestation in the Amazon rainforest. Using bibliometric tools this study analyses the different 

remote sensing approaches for land use and land cover monitoring in the Amazon. The methodology includes 1) data search and 

collection, 2) tool selection and data processing, and 3) data and trend analysis. The results indicate that studies on forest loss and 

biodiversity are trending in the field. Emerging topics focus on new tools for environmental impact assessment and evaluating new 

computational technologies for satellite data management. 

 

 

1. Introduction 

The largest proportion (45%) of forest area in the world is found 

in the tropical zone (FAO, 2020). The Amazon is the world's 

largest tropical rainforest, covering approximately 6.9 × 106 km2 

(Borma et al., 2022). It is one of the most biodiverse ecosystems, 

with great importance in local, regional hydrology, and 

continental climate, making it vital to generate strategies against 

climate change (Marengo et al., 2018). However, the Amazon 

faces numerous threats, including land-use changes and forest 

fires, which lead to deforestation and degradation.  

 

Despite its extensive natural wealth, constant changes in land use 

and land cover (LULC) can negatively impact this territory. Part 

of the Amazon rainforest has been lost due to deforestation, 

agricultural expansion, logging, land occupation, and 

infrastructure projects, causing significant changes in the 

Amazon ecosystem (Roberts et al., 2021). The LULC transition 

can have a high impact, such as the complete loss of the above-

ground carbon stock and alteration of biodiversity (Nunes et al., 

2022). 

 

The research of LULC dynamics is a crucial tool for 

environmental planning and territorial management (Armenteras 

et al., 2019). Through remote sensing, it is possible to map land 

cover, land use, ecological disturbance, and vegetation 

phenology, as well as estimate their changes over time (Sánchez-

Díaz, 2018). Several studies have utilized remote sensing to 

examine the Amazon. These studies include mapping and 

monitoring land degradation (Lu et al., 2007), identifying African 

palm plantations and previous land uses before cultivation 

(Furumo and Aide, 2017), and determining areas most vulnerable 

to human activities (Fiedler et al., 2023). 

 

Few studies show the development of this research area through 

bibliometric analysis. Among these studies is the analysis of 

wetland remote sensing in South America (Kandus et al., 2018). 

The objective of this study is to identify which remote sensing 

approaches are used to study land use and cover change in the 

Amazon region. Bibliometric analysis techniques and tools 

effectively describe the state of knowledge, characteristics, and 

trends in this discipline and can be useful to generate insights that 

could help the integral development of the research area 

(Velastegui-Montoya et al., 2022). 

 

2. Materials and Methods 

The methodology of the study (Figure 1) consisted of three 

phases: a) search and data collection through keyword selection 

and application of the search strategy; b) tool selection and data 

processing, which included final data filtering and processing in 

the software; and c) data and trend interpretation through 

performance and intellectual structure analysis. 

 

 

Figure 1. Methodological approach. 
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2.1 Search and data collection 

Data collection was carried out exclusively using the Scopus 

database, with a defined period from 1981 to 2023. The sample 

of articles was selected, focusing on studies that use satellite data 

to analyse deforestation, degradation, and fragmentation of the 

Amazon rainforest. The detailed search string used was: 

TITLE-ABS-KEY ("remote sensing*") OR ("satellite data*") 

AND TITLE-ABS-KEY ("deforest*") OR ("degradation") OR 

("fragment*") AND TITLE-ABS-KEY ("amazon*"). 

 

In addition, the year 2024 was excluded as it is the current year, 

and all types of documents (articles, book chapters, conference 

papers, reviews, etc.) and publications in all languages were 

included. 

 

2.2 Tools selection and data processing 

The bibliographic information was exported from Scopus as a 

comma-separated values (CSV) file. The downloaded database 

includes information on authors, institutions, journals, language, 

keywords, abstracts, and references for each document. This 

bibliometric study used two software packages. 

 

Microsoft Excel (Version 2404) was used for pre-processing, 

which involved organizing and reviewing the information, and 

eliminating duplicates and incomplete data (Velastegui-Montoya 

et al., 2023a). It also analysed the dataset and created tables to 

estimate the performance of the scientific output. 

 

VOSviewer (version 1.6.19) enabled the visualization of two-

dimensional bibliographic networks, known as bibliometric maps 

(van Eck and Waltman, 2017). It visually displayed statistical 

results related to the distribution of keywords and journals. 

 

2.3 Data and trends analysis 

This study employed two approaches in its analysis: (1) 

performance analysis and (2) science mapping (Donthu et al., 

2021). The first approach involves evaluating scientific output 

using bibliometric indicators, emphasizing the contributions of 

authors and affiliations (Lam et al., 2022). The second approach 

focuses on creating bibliometric maps to visualize relationships 

between variables such as co-occurrence of author keywords and 

citations from sources (Liu and Li, 2021). 

 

3. Results and Discussion 

The total number of documents downloaded from the database 

was 772. After the data cleaning and cleaning process, the 

resulting final database was 748 documents. The publications are 

mostly distributed in journal articles (76%) and conference 

papers (18%). 

 

Figure 2. Distribution of the total publications. 

3.1 Performance analysis 

3.1.1. Top 5 Leading Authors: Author analysis reveals the most 

productive researchers and facilitates research collaboration for 

other academics (Donthu et al., 2020). Table 1 lists the authors 

according to their number of publications and total citations. The 

three main authors, based on the number of publications, are 

Yosio Shimabukuro, Luiz Aragao, and Marcos Adami. All three 

authors are from Brazil and are affiliated with the National 

Institute for Space Research (INPE, acronym in Portuguese). The 

fourth position is shared by Gregory Asner and Dar Roberts, both 

from US affiliations. Asner is from Arizona State University 

(ASU) and Roberts is from the University of California (UC). 

The last author, Liana Anderson, is affiliated with the National 

Center for Monitoring and Early Warning of Natural Disasters 

(CEMADEN, acronym in Portuguese) in Brazil. 

R Authors Affiliation ND HI TC 

1 Shimabukuro Y. 

INPE 

46 46 2123 

2 Aragão L.E. 29 69 1107 

3 Adami M. 17 27 802 

4 
Asner G.P. ASU 

16 
123 2458 

Roberts D.A. UC 76 1223 

5 Anderson L.O. CEMADEN 15 38 781 

Table 1. Top 5 leading authors. R = Ranking; ND = number of 

documents; HI = H-index; TC = total number of citations. 

Yosio Shimabukuro leads the ranking with 46 publications, and 

shares some studies with Luiz Aragão, Marcos Adami and Liana 

Anderson. The work of these authors comprises different 

approaches such as estimating carbon losses due to edge effect 

and deforestation, through forest mapping and carbon stock 

mapping using LiDAR data (Silva Junior et al., 2020). Other 

work focuses on understanding forest dynamics associated with 

the occurrence of forest fires. These studies use MODIS-derived 

data to conclude that the landscape is most susceptible at the 

onset of deforestation (Silva Junior et al., 2018) and that fires 

have effects after up to three years on energy, water and carbon 

fluxes in forests (de Oliveira et al., 2021). 

 

Furthermore, assessments of carbon stock potential and 

quantification in secondary forests have been conducted using 

tools such as the MapBiomas collection (Heinrich et al., 2021) 

and spatial and temporal patterns of degraded growth and 

secondary forests obtained from Landsat data (Heinrich et al., 

2023). Other approaches have analysed deforestation pressures 

on Brazilian indigenous communities using remotely sensed 

datasets (PRODES and DETER) (Silva-Junior et al., 2023). 

 

Gregory Asner and Dar Roberts have not collaborated with each 

other or with the other authors in the ranking. However, Asner is 

the most cited author (2458 citations) in the study area, and his 

most influential work was a large-scale, high-resolution analysis 

of selective logging in the Brazilian Amazon (Asner et al., 2005). 

In addition, he has employed remote sensing to investigate the 

impacts of gold mining in the Peruvian Amazon. For instance, he 

assessed the annual changes in the extent of mining in protected 

forests using time-series Landsat satellite data (Asner and 

Tupayachi, 2016). Furthermore, another study estimated carbon 

stocks and emissions from mining using Planet Dove imagery, 

Sentinel-1, topography and LiDAR measurements (Csillik and 

Asner, 2020). 

 

Roberts, D. has conducted studies to map changes and damage to 

the Amazon forest canopy caused by selective logging and forest 

fires, using Landsat ETM+ imagery (Souza et al., 2005) and 

76%

18%

3%
2% 1%

Types of documents

Article

Conference Paper

Review

Others

Book Chapter
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LiDAR data from the GEDI system (East et al., 2023). It also 

used Landsat TM data to determine the potential of remote 

sensing for the quantification of biophysical properties of 

grasslands or the analysis of grazing impacts (Numata et al., 

2007). The multiple contributions of the authors have led to a 

better understanding of the dynamics of the Amazon due to 

anthropogenic pressures and have driven the constant monitoring 

of the region and the creation of strategies for the sustainable 

management of the Amazon forest. 

 

3.2 Intellectual structure analysis 

3.2.1. Author Keywords Co-Occurrence Network: This 

analysis allows us to detect central research topics and their 

trends. Figure 2 shows the co-occurrence network of author 

keywords, finding 62 nodes (relevant topics) and 6 clusters. The 

minimum number of co-occurrences was five. 

 

The clusters overlap, demonstrating their complementarity 

among the various themes (keywords). The themes with the 

highest occurrence and closely related to the other themes are 

Amazon (total link strength 615), deforestation (total link 

strength 521), remote sensing (total link strength 482), land use 

and land cover (total link strength 370), forest degradation (total 

link strength 155) and Landsat (total link strength 154). 

 

Figure 2. Keywords co-occurrence map 

Cluster 1 (red) was the most significant with 17 elements and 279 

occurrences. The topics grouped in cluster 1 connect the term 

“forest degradation” with current methods such as machine 

learning and deep learning recently used for Amazon monitoring. 

Different machine learning methods have been used and 

compared to detect and characterise forest disturbances 

(Reygadas et al., 2021). In addition, the detection of deforestation 

changes has been explored using Landsat data and convolutional 

neural networks (de Bem et al., 2020). Other topics include 

monitoring forest degradation resulting from selective logging 

and tracking subsequent forest restoration (Wu et al., 2020). Time 

series analysis of Landsat data has also been used to map 

degradation and natural disturbances (Bullock et al., 2020). 

 

Cluster 2 (green) correlated 12 nodes and 450 occurrences. The 

central term of this cluster is “deforestation”, which is one of the 

main activities causing changes in LULC. Research themes 

include the analysis of inter-annual and intra-annual patterns of 

evapotranspiration and precipitation in pasture and cropland 

areas (de Oliveira et al., 2020). The mapping of road expansion 

is highlighted to understand its spatial-temporal dynamics and its 

impact on forest cover (Nascimento et al., 2021). Likewise, 

LULC mapping and identification of undue occupation in 

preservation areas were carried out (Gurgel et al., 2017). This 

group included topics related to environmental policies, for 

example, one study proposes an environmental analysis of policy 

implementation that encompasses monitoring using Sentinel 

imagery of mining activity (Dethier et al., 2023). 

 

In cluster 3 (blue) there are 12 elements and 147 occurrences. The 

three main themes are “tropical forest”, “forest fragmentation”, 

“redd+”. This cluster includes the analysis of secondary forests. 

Different satellite data are used to assess the patterns and 

dynamics of carbon storage in secondary forests (Yang et al., 

2020). Also, LiDAR technology is used to assess vegetation 

structure in secondary forests and correlate it with biodiversity 

(Coddington et al., 2023). Biomass research topics are also 

grouped in this cluster, with one study highlighting the 

importance of up-to-date LULC information to improve 

estimates of emissions from biomass burning (Mataveli et al., 

2023). Finally, it is mentioned that satellite assessment and 

mapping of changes in tropical forests can be useful for REDD+ 

applications (Potapov et al., 2014). 

 

Cluster 4 (yellow) contains 12 themes and 421 occurrences. The 

most relevant and strongly linked to the central theme of the 

study (amazon) are “forest fire” and “climate change”. Within 

these themes, different studies are carried out that include 

assessing the vulnerability of the Amazon forest to post-fire grass 

invasion under present and future climate scenarios (De Faria et 

al., 2021). The evaluation of recovery times for Amazonian 

forests following droughts and fires, as well as their implications, 

was also explored (De Faria et al., 2020). Within this group it is 

combined the application of multi-temporal remote sensing, 

spectral indices and unsupervised learning models to 

simultaneously map and measure fire risk in forest areas (Luz et 

al., 2022). Additionally, it investigates how deforestation and 

degradation impact local climate by assessing differences in 

precipitation, evapotranspiration, and potential 

evapotranspiration between forested and deforested areas (de 

Oliveira et al., 2018). 

 

Clusters 5 (purple) and 6 (light blue) encompass 9 themes with 

277 occurrences. The central term of this group is “remote 

sensing”, so there is a strong relationship with the other clusters. 

One of the themes of this cluster is the use of remote sensing 

technology integrated in geographic information systems. This is 

aimed at predicting risks such as the occurrence of malaria 

associated with deforestation (Ilacqua et al., 2018) and the land 

cover mapping as a tool for land-use planning (Iliquín Trigoso et 

al., 2020). The application of remote sensing to assess burned 

area patterns in new deforestation frontiers (Dutra et al., 2022) 

and to analyse LULC changes around hydropower infrastructures 

are also highlighted (Chen et al., 2015). 

 

Emerging research trends suggest a focus on cloud-based 

platforms like Google Earth Engine, which are increasingly 

adopted for effectively managing large volumes of satellite data 

(Velastegui-Montoya et al., 2023b). For example, it has been 

employed to analyse forest degradation from fires in the Brazilian 

Amazon (Arai et al., 2019).  Another potential thematic area is 

the use of artificial intelligence technologies such as deep 

learning for image processing and data analysis (Safonova et al., 

2023). Research has explored its application in mapping forest 

degradation, providing insights into the causes of degradation 

(Dalagnol et al., 2023). 
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3.2.2. Journal’s Co-Citation Network (JCA): This analysis 

determines the research accumulated over time in this field of 

study from various disciplines reflected in the journals found in 

the references. Figure 3 shows the co-citation network of 

journals, composed of 115 nodes (journals) with at least 30 

citations, distributed in 4 clusters. 

 

Cluster 1 (red), "Multidisciplinary and Environmental Sciences", 

represents 45 nodes totalling 6371 citations. In this cluster, the 

main journals are Science (The United States, 1301 citations), 

Proceedings of the National Academy of Sciences of the United 

States of America (The United States, 674 citations), 

Environmental Research Letters (The United Kingdom, 430 

citations), Conservation Biology (The United Kingdom, 356 

citations) and PLoS ONE (The United States, 244 citations). The 

journals in this group have a broadly multidisciplinary focus, 

covering various disciplines such as agriculture, geography, 

conservation, economics and environmental sustainability. 

 

Cluster 2 (green), "Geophysical and Atmosphere" includes 29 

journals with a total of 3312 citations. This cluster mainly studies 

different areas such as geophysics, water sciences, atmospheric 

sciences including implications for climate change. The leading 

journals are: Geophysical Research Letters (The United States, 

367 citations), Journal of Climate (The United States, 261 

citations), Atmospheric Chemistry and Physics (Germany, 248 

citations), Nature Climate Change (The United Kingdom, 198 

citations) and Journal of Geophysical Research: Atmospheres 

(The United States, 186 citations). 

 

 

Figure 3. Journal co-citation network. 

Cluster 3 (blue), "Biology", groups 25 journals with a total of 

4076 citations. The journals in this cluster cover different 

branches of biological sciences, covering ecology, biogeography 

and evolution.  The cluster primarily consists of: Nature (The 

United Kingdom, 667 citations), Forest Ecology and 

Management (The Netherlands, 610 citations), Global Change 

Biology (The United Kingdom, 573 citations), Ecological 

Applications (The United States, 269 citations) and Philosophical 

Transactions of the Royal Society B: Biological Sciences (The 

United Kingdom, 225 citations). 

 

Cluster 4 (yellow), "Geoinformation and Remote Sensing" 

contains 16 nodes totalling 4751 citations. In this cluster, the 

main journals are: Remote Sensing of Environment (The United 

States, 3554 citations), International Journal of Remote Sensing 

(The United Kingdom, 994 citations), Remote Sensing 

(Switzerland, 632 citations), IEEE Transactions on Geoscience 

and Remote Sensing (The United States, 345 citations) and 

Photogrammetric Engineering and Remote Sensing (The United 

States, 227 citations). This group covers disciplines related to 

science and engineering applied to earth sensing such as 

photogrammetry and remote sensing. 

 

According to the analysis of the co-citation network, the red 

cluster comprises the largest number of nodes and citations due 

to its multidisciplinary. The yellow cluster contains fewer 

journals but includes two of the journals with the highest number 

of publications in Remote sensing (40 publications) and Remote 

Sensing of Environment (38 publications). The remote sensing 

applications covered by the journals in the network are varied. 

The journals publish research about changes in climate and 

environment due to pressures caused by LULC changes. Also, 

explore the potential of remote sensing in studying ecology and 

nature conservation, while addressing new computational 

applications for mapping dynamics in the Amazon region. 

 

4. Conclusions 

This study provides a bibliometric analysis of remote sensing 

applications in monitoring Amazon deforestation and 

degradation. It is an expanding area of research involving global 

institutions. Various approaches associated with land use and 

land cover changes tend to focus on analysing multiple 

anthropogenic activities causing forest degradation and changes 

in ecological dynamics. Remote sensing application has 

continuously evolved with the emergence of different sensors and 

satellite missions, providing broader data coverage and 

expanding research opportunities. It has integrated new 

technologies or conceptual frameworks allowing for better 

assessment of the Amazon rainforest. The study reveals that 

approaches to monitoring land use and land cover significantly 

contribute to understanding environmental and social issues, 

providing essential information for decision-makers regarding 

global changes and regional development. 

 

The main limitation of the study is the exclusive use of Scopus 

data, potentially excluding other significant contributions. Future 

research could include or combine other databases and academic 

search engines to ensure a comprehensive analysis of the study 

area's evolution. The use of remote sensing tools to study tropical 

rainforests has generated new insights and research themes, 

evolving alongside new technologies. Therefore, it is essential to 

consider underexplored topics such as studies focused on the 

Amazonian coast and the Andean-Amazonian region. Lastly, 

some countries like Bolivia, Suriname, and Venezuela have 

limited representation in scientific productivity, presenting an 

opportunity to understand Amazonian dynamics in these areas 

and support conservation efforts. 
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