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Abstract
Aim of study: Land surface temperature (LST) is an essential variable to monitor and characterize forest ecosystems. 

This variable has been consistently captured for almost four decades by the Landsat program. The current study aimed 
at identifying trends, knowledge gaps and opportunity areas in the use of Landsat derived LST for the monitoring and 
analysis of forest ecosystems.

Materials and methods: A bibliometric analysis of scientific articles indexed in Scopus in the period 1995-2020 was 
conducted. 

Main results: Annual increase rate in the number of publications on the topic analyzed was 22.58%. The journal with 
more publications on the topic was Proceedings of SPIE, followed by Remote Sensing. The authors with the highest 
productivity on this topic were C. Quintano, I. Vorovencii, O. E. Yakubailik and M. A. Zoran. Regarding productivity 
by country, 38 countries with publications on this topic were identified, with the highest productivity located in China, 
USA and India. This group of countries also represented the most solid network of cooperation between countries. Forest 
ecosystems more frequently analyzed were temperate forests, followed by tropical forests. The analysis of keywords 
highlighted topics such as remote sensing, NDVI, MODIS and evapotranspiration. The analysis of thematic evolution 
indicated that areas of research and interpretation of LST data has evolved in parallel with remote sensing areas. 

Research highlights: Landsat LST analysis is an evolving topic with potential to contribute to improve ecosystem 
knowledge and to support diverse challenges in forest resources decision-making.

Additional key words: Thematic Mapper; Enhanced Thematic Mapper; Thermal Infrared Sensor; Thermal infrared; 
LST.
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Introduction

Land surface temperature (LST) is an important pa-
rameter to characterize the energy exchange between 
the land surface and the atmosphere (Amalyahya, 2015; 
Quispe-Reymundo & Révolo-Acevedo, 2020). It is con-
sidered an essential climate variable to analyze land sur-
face processes by the Global Climate Observing System 
(GCOS, 2016). LST data allow analyzing evapotranspira-
tion, climate change, hydrological cycles, fire monitoring, 
and other phenomena influencing the functioning of forest 
ecosystems (Li et al., 2013; Vlassova & Pérez-Cabello, 
2016; Bendib et al., 2017). LST can be estimated from 
satellite information, allowing an opportunity to study the 
thermal dynamics in forest ecosystems at regional to glob-
al scales (Bendib et al., 2017).

The Landsat program has captured land surface infor-
mation in the thermal infrared spectrum consistently for 
almost four decades (Table S1 [suppl]), since the launch of 
Landsat 4 TM (Thematic Mapper), followed by Landsat 5 
TM, Landsat 7 ETM+ (enhanced thematic mapper plus) and 
Landsat 8 TIRS (Thermal Infrared Sensor), making possible 
LST estimation (Wang et al., 2015). Thermal information 
from Landsat satellites has represented an opportunity for 
the analysis of various aspects of forests ecosystems (Ban-
skota et al., 2014). For example, Landsat LST has been used 
to quantify the impact of climate change on forest ecosys-
tems (Arekhi et al., 2018; Ghazaryan et al., 2018; Savastru 
et al., 2020), to analyze land use change in forest areas (Sa-
bajo et al., 2017; Del Mundo & Tiburan Jr, 2019; Herrero 
et al., 2019), to evaluate forest evapotranspiration processes 
(Zhu et al., 2010; Yang et al., 2017) or to monitor urban 
forests (Huang et al., 2015; Jana et al., 2020).

While there are several studies that have used LST to 
monitor and analyze forest ecosystems, to our best knowl-
edge, there is no previous study that has analyzed the 
scientific publications on this topic, which could allow 
identifying trends and areas of opportunity in the use of 
thermal information for the analysis of forest ecosystems. 
Bibliometric analyses are tools that allow to characterize 
publications with common topics, quantifying annual pub-
lication growth rate, analyzing citation, or identifying col-
laboration networks, among other bibliometric indicators. 
For example, Zhuang et al. (2013) conducted a bibliomet-
ric analysis on the trends in research using remote sensing 
in the 1991-2010 period. They concluded that topics more 
frequently analyzed were land use change, vegetation anal-
ysis and climate change and identified USA as the country 
with the highest scientific publication on this topic. Duan 
et al. (2020) analysed the use of remote sensing to monitor 
natural protected areas; they concluded that most utilized 
information was satellite data from Landsat and MODIS, 
together with LIDAR sensors and they identified interna-
tional collaboration networks. 

A bibliometric analysis on the scientific contributions 
utilizing Landsat LST to monitor and analyze forest eco-

systems, could allow gaining a general perspective on the 
evolution of the main topics and applications of this re-
search area. The current study aimed at identifying trends, 
challenges, and areas of opportunity in the use of Landsat 
LST on forest ecosystems, with the following goals: 1) 
to characterize scientific contributions on the topic; 2) to 
identify scientific networks between authors and countries 
in this research area; 3) to identify trends in research using 
LST to study forest ecosystems. 

Material and methods
The scientific repository Scopus (https://www.scopus.

com) was used for the literature search. Scopus is one of the 
most important scientific repositories, with more than 20,000 
scientific journals registered, representing an adequate 
source to gather information for a bibliometric analysis 
(Joshi, 2017). Our search focused on words within the title, 
summary and keywords. One of the areas of knowledge more 
analyzed with LST is urban areas characterization (Rasul 
et al., 2017). The present study focused on investigations 
using LST to study forest ecosystems, therefore studies on 
urban climate and urban heat islands characterization were 
excluded from the analysis. The search period analyzed was 
from 1982, the year at which Landsat 4 TM was launched 
(Arvidson et al., 2013). The search equation used was: 
TITLE-ABS-KEY = (“land surface temperature” AND 
Landsat AND forests OR “forest ecosystem” OR forestry 
OR silviculture OR “natural forest” OR “forest plantations 
“ AND NOT “urban heat island” AND NOT “urban heat”) 
AND PUBYEAR > 1981 AND (EXCLUDE (PUBYEAR, 
2021).

The search resulted in 195 initial registers. Some scien-
tific documents such as reviews, notes, correction letters 
and editorial material were excluded, resulting in a total of 
155 filtered documents. The database was downloaded in 
CSV format for analysis. The database was analyzed with 
the package Bibliometrix and the tool Biblioshiny (http://
www.bibliometrix.org) that belong to RStudio (Aria & Cuc-
curullo, 2017; RStudio Team, 2020). Biblioshiny is a web 
interface that contains the central code of Bibliometrix. It 
allows for bibliometric analyses, including tools to visualize 
the annual scientific productivity rate, journals and authors 
with the highest number of publications on the topic, most 
utilized keywords analysis or thematic evolution and collab-
oration network analysis, among others (Xie et al., 2020a). 
In particular, the following analyses were performed: 

—Wordtreemap: It identifies the frequency of keywords 
within the analyzed publications. The analysis consisted in 
identifying the 13 most frequent keywords in the articles 
from the database. The analysis of keywords frequency 
allows identifying the most studied topics in an area of 
research (Xie et al., 2020b). 

—Multidimensional scaling analysis: It is a correspond-
ence analysis that summarizes the main variables of the 

https://www.scopus.com
https://www.scopus.com
http://www.bibliometrix.org
http://www.bibliometrix.org
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articles analyzed and allows classifying the relationships 
between categorical variables (Ayele et al., 2014). This anal-
ysis considers the frequency of the keywords appearing to-
gether. Keywords are represented as dots and their position 
within the graph represent the coincidences between them. 
Groups are formed with keywords that appear together more 
frequently (Ayele et al., 2014; Aria & Cuccurullo, 2017). 

—Thematic evolution analysis: This analysis allows 
visualizing the development and relative increase or de-
crease of some topics, identifying thematic evolution 
through time, represented by a Sankey diagram. Inside the 
Sankey diagram, each node represents one topic, the size 
of the node represents the number of keywords associated 
to that topic, the lines joining the nodes represent the di-
rection of the topic evolution and the thickness of the line 
shows the strength of the relationships between topics (Xie 
et al., 2020b). Continuous lines between nodes of different 
years indicate that the topic has prevailed through time. 

Finally, studies were classified by their main topic, out 
of 15 identified topics defined after careful review of all 
analyzed publications. Main topics were Classification 
land cover, Forest monitoring, Evapotranspiration/Dry-
ness, Thermal analysis, Urban forests analysis, Wildfire, 
Deforestation, Vegetation indexes, Environmental quality 
analysis, Mountain ecology/Snow monitoring, Climatic 
change analysis, Phenological analysis, Desertification, 
Mining and Above-ground biomass estimation. 

Results 

General information

Search period started in 1982; nevertheless, the earliest 
identified publication was from 1995, resulting in a period 

of analysis from 1995 to 2020. The papers (155) about topic 
were written by 554 authors, with an average of 0.29 articles 
by author, with only four articles (3.1%) by one single au-
thor. The increase in the annual publication rate was 22.6% 
(Table S2 [suppl]). An increase in the number of publica-
tions can be observed after 2007. The year with the highest 
number of publications was 2019 with 33 articles, followed 
by 2020 with 26 articles.

Annual average citations (i.e. the average citations per 
article in each year), were almost null in the period 1995-
2006; nevertheless, an increase was observed after the year 
2007, fluctuating in the subsequent period (2007-2020), 
peaking with a maximum in 2016, and later diminishing 
(Fig. 1). A third (33.3%) of 2016 articles focused on LST 
dynamics related to vegetation and land use change, as 
well as on the characterization of LST between different 
vegetation types (Ara et al., 2016; Fu & Weng, 2016; Kay-
et et al., 2016; Sahana et al., 2016; Wang et al., 2016). 

The scientific journals with the highest number of pub-
lications are shown in Table S3 ([suppl]). The journal with 
the highest number of publications in the topic is ‘Pro-
ceedings of SPIE’, which results from an annual congress 
specialized in spatial analysis. An example is the study by 
Ramdhani et al. (2019), who used Landsat 8 TIRS thermal 
images to evaluate post-mining forest remediation activi-
ties, comparing remediated areas with different forest spe-
cies and years of plantation. Their results showed that all 
species used for forest remediation had a similar capacity 
to decrease LST; the reduction in LST was observed in a 
relatively short period of time. 

The second journal with the highest number of articles 
in the topic was ‘Remote Sensing’. This journal has a high 
impact factor (4.509, 2019), is listed in the first quartile of 
the Journal Citation Report (JCR) index, and has an an-
nual rate of 1.5 articles published on LST since the start 
of the publication of the journal (Table S3 [suppl]). As an 

Figure 1. Number of publications and average citations.
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example of studies published in this journal, Sánchez et 
al. (2015) evaluated the energy balance in a forest area 
after a wildfire in a mediterranean forest in Almodóvar del 
Pinar, Spain. The authors used Landsat 5 TM and Land-
sat 7 ETM+ to estimate LST and the energy balance; their 
results showed the potential of LST to evaluate changes 
in thermal balances through time in areas with previous 
disturbances.

Table S4 [suppl] shows the most cited article on the 
topic. In the top is the study of Fu & Weng (2016), pub-
lished in ‘Remote Sensing of Environment’. It focuses on 
a multi-temporal analysis of LST increase with regards to 
the decrease in perennial forests and their substitution by 
urban areas. The second most cited study is the article of 
Xiao & Weng (2007), which evaluated land use change in 
a province at the Southeast of China; the study found that 
reforestation activities decreased LST in the region of study.

Main authors and collaborative networks

The productivity by author can be evaluated using Lot-
ka´s law (Lotka, 1926). This criterion quantifies how often 
authors publish about a specific topic. Based on Lotka´s 
law, 86.7 % of authors who have published about LST 
have only published one article, while only one author has 
participated in 5 studies on the topic. Fig. 2 shows the au-
thors with the highest scientific publication and the year of 
publication; the size of the circles represents the number of 
articles; the circle shading density represents the number 
of citations. 

The four authors with the highest amount of publica-
tions on the topic in the last years are: Quintano C., Vo-

rovencii I., Yakubailik O.E. and Zoran M.A., with four 
articles each. Quintano started publishing on the topic in 
2015; this author works on topics related to the evaluation 
of forest fires from LST information. The most cited article 
from this author (57 citations, 2020) is a study published 
in International Journal of Applied Earth Observation and 
Geoinformation about fire severity evaluation from LST, 
estimated from Landsat 7 ETM+ images. A coefficient of 
determination > 0.85 was observed in this study between 
LST and a field fire severity index (composite burn index) 
(Quintano et al., 2015). In a later study, Quintano et al. 
(2017) combined MESMA fraction images with Landsat 7 
ETM+ LST to analyze fire severity in a forest fire in Spain. 

On the other hand, Vorovencii (2015) used thermal in-
formation from Landsat series to analyze land use change 
and desertification risk in Romania. This author evaluated 
and monitored desertification risk through vegetation in-
dices and Landsat 5 TM LST data, observing that areas 
with extensive vegetation loss have higher LST and higher 
desertification risk.

The analysis of scientific productivity by country re-
veals that is a topic under development, since there are 
publications from 38 countries only, 7 from America, 10 
from Europe, 5 from Africa, 15 from Asia and Austral-
ia (Fig. 3). The five countries with the highest scientific 
productivity are China, India, USA, Spain and Indonesia. 
The countries with the highest number of corresponding 
authors are China, India and Spain. In the case of China, 
64% of the articles have conational authors and the rest of 
the articles (36%) were written with authors from other 
countries. In contrast, all the articles with corresponding 
authors from India were conducted by authors from the 
same country. Regarding type of ecosystems analyzed, 

Figure 2. Authors’ production over time in the field of land surface temperature 
derived from Landsat missions.
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temperate forests were the most analyzed ecosystems with 
Landsat LST, followed by tropical forests and urban for-
ests (Fig. 4).

The collaboration network analysis is shown in Fig. 5. 
Nodes represent countries, lines show the collaboration 
between countries; the size of the nodes represent the rel-
ative amount of publications for each country. Four main 
groups of collaboration can be distinguished, the most no-
table collaboration network is integrated by China, USA 
and Spain; another network is integrated by Iran and Can-
ada; a third one by Australia, China and Netherlands and 
another collaboration group can be distinguished between 
Germany and India. On the other hand, countries such as 
Brazil, Indonesia and Romania also have scientific produc-
tion on LST but only with authors from the same country.

Keyword analysis and thematic evolution 

Keyword analysis allowed for identifying the main top-
ic of the articles in a systematic and intuitive manner. A 
WorldTreeMap was generated from the Biblioshyni inter-
face to represent the most frequently used keywords (Fig. 
6). Most used keywords (in addition to those used as cri-
teria for the initial search i.e. “land surface temperature” 
and “Landsat”) were: remote sensing (21%), NDVI (17%), 
MODIS (9%), Landsat 8 (8%), evapotranspiration (6%), 
land cover (6%), followed by burn severity, deforestation 
and soil moisture (each with 4%). Likewise, our analysis re-
vealed that 40.4% of analyzed studies used Landsat 8 TIRS 
to estimate LST; 33.8% of studies used Landsat 4 and 5 TM; 
while Landsat 7 ETM+ was only used in 25.8% of studies. 

Multidimensional analysis allows identifying main key-
words and the frequency of the relationships between them. 
Three groups can be distinguished (Fig. 7): the first group 

Figure 3. Country scientific production in the field of land surface temperature derived from Landsat 
missions.

Figure 4. Forest types analyzed in the field of land surface 
temperature information from the Landsat missions.

includes topics related to characterization of terrestrial sur-
face, including surface measurement, evapotranspiration, 
and regression analysis. A second group is integrated by 
the keywords land cover, deforestation and environmen-
tal monitoring in relation to urbanization. Finally, another 
group is formed only by three terms, artificial neural net-
work, surface temperatures and climate change; this last 
group might represent an area of opportunity for the use 
of Landsat LST. One example is the study by Neinavaz et 
al. (2019), where Landsat 8 short wave infrared and ther-
mal infrared data were analyzed with neuronal networks to 
improve Left Area Index (LAI) characterization in a forest 
ecosystem. 

A gradual change was found in the topics of the ana-
lyzed articles using LST to characterize forest ecosystems 
(Fig. 8). In a first period (1995-2012), the most recurrent 
topics were: geology, vegetation, and evapotranspiration. 
Topics related to keywords landforms and meteorology 
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were frequent in years 2010 and 2012. Finally, in the most 
recent period keywords such as time series analysis and 
climate change were the most frequent. 

Research topic analysis

The classification of the 155 analyzed studies by main 
research topic is shown in Table S5 [suppl]. The most fre-
quent research topic (51 publications) was Classification 
of land cover. LST data can reflect changes in the tem-
perature fluxes of land surfaces associated to land surface 
composition changes, which results in a widespread use to 
analyze land use and vegetation type changes (Tan et al., 
2020). With regards to the documents centered on ‘Forest 
monitoring’, they focus on topics such as evaluating the 
dynamics of the cover and structure of forests (Siyal et 
al., 2017), monitoring natural protected areas (Gillespie et 

Figure 5. Country collaboration map of the 12 highest 
producing countries in the field of land surface temperature 
(1995-2020).

al., 2014), forest degradation analysis (Barros Santiago et 
al., 2019), forest cover change monitoring (van Leeuwen 
et al., 2011), and forest pests detection (Sprintsin et al., 
2011). 

Discussion
Bibliometric analyses have been widely used to under-

stand and define the paths of scientific development in dif-
ferent areas of knowledge (Bonilla et al., 2015; Mora et al., 
2017; Ahmad et al., 2020; Moral-Muñoz et al., 2020). This 
type of analysis helps to know the volume and character-
istics of scientific research on a particular topic, as well as 
the topic evolution over time (Ramanan et al., 2020).

The results of this analysis showed that the use of ther-
mal information from the Landsat time-series in forest eco-
systems started to gain importance in 1995, even though 
the first Landsat satellite capable of capturing thermal in-
frared information was launched in 1985. This might be 
explained by a more extensive use of satellite platforms 
to analyze urban areas and agricultural lands, with a com-
parative delay in the thermal analysis of forest areas. The 
interest in thermal dynamics on the earth’s surface became 
relevant after climate change was acknowledged as a glob-
al issue by the United Nations Framework Convention on 
Climate Change. There, 197 countries signed a treaty with 
10 commitments to reduce human interference with the 
global climate system. Notable aspects of this agreement 
include the following: Promote and cooperate in scien-
tific, technological, technical, socio-economic and oth-
er research, systematic observation and development of 
data archives related to the climate system and intended 
to further the understanding and to reduce or eliminate 

Figure 6. WordTreeMap of high-frequency keywords in the field of land 
surface temperature information from the Landsat missions (1995-2020).
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the remaining uncertainties regarding the causes, effects, 
magnitude and timing of climate change (UN, 1992). 

This shift in policy may have resulted in a growing in-
terest among the scientific community in the use of thermal 
information to analyze the Earth’s surface, at times with a 
multi-temporal approach (Boike et al., 2016; Kayet et al., 
2016; Arif et al., 2019; Gosteva et al., 2019 a,b). For in-
stance, Kayet et al. (2016) analyzed for three years (1994, 
2004 and 2014) the LST for different land uses and vegeta-
tion in an African forest. They found that the rapid growth 
of the industrial zone and the loss of vegetation favor a 
significant increase in LST.

Some of the journals with the greatest number of arti-
cles published on the matter notably include Proceedings 
of SPIE and Remote Sensing. Both are journals with pres-
tige and a high impact factor. Proceedings of SPIE is a pio-
neering journal in research on remote sensing, as it started 
publications in 1995, and publishes proceedings of 350 
SPIE conferences. Some of these are focused on research 
in remote sensing. As such, it is a journal with high visi-
bility among the scientific community. On the other hand, 
Remote Sensing is a specialized journal that publishes the 
most cutting-edge breakthroughs on remote sensing (Gal-
lardo-Salazar et al., 2020). High visibility and impact are 
often characteristics of journals that matter most to mem-
bers of the scientific community.

Regarding the type of ecosystems analyzed, temperate 
forests are the most analyzed ecosystems with Landsat 
LST, followed by tropical forests and urban forests. The 

FAO reports that the world’s largest forests are tropical 
forests, followed by temperate and boreal forests (FAO, 
2020). Therefore, the prevalence of these forests in stud-
ies related to surface temperature may be closely relat-
ed to the surface they represent worldwide (Peters et al., 
2013). In addition, countries with the highest production 
on the matter have temperate forests, which can be re-
flected in the type of vegetation studied under this ap-
proach. 

China has the highest scientific production on the sub-
ject, which can be explained mainly by two conditions: (1) 
China is a developed country with an important investment 
in science and technology; in addition, the Chinese scien-
tific community has expressed a commitment to obtain 
information to characterize and restore the environment 
(Xie et al., 2020a). (2) Since the previous decade, several 
Chinese researchers started to publish their contributions 
in English, which has strengthened collaboration networks 
between China and English-speaking countries such as 
the USA and Australia (Pan & Block, 2011; Ramanan et 
al., 2020). This is undoubtedly a positive dynamic for re-
search on the matter, as the development of collaboration 
networks results in an increase in the quality of scientific 
contributions (Ramanan et al., 2020). Articles elaborated 
by Chinese institutions cover a variety of topics such as 
land use and vegetation type change detection (Tan et al., 
2020), impact of deforestation on LST (Shen et al., 2020), 
relationships between environmental degradation and LST 
(Hou et al., 2020), algorithms to identify snow (Wang et 

Figure 7. Multidimensional scaling analysis of high-frequency keywords in the field of land surface 
temperature information from the Landsat missions (1995-2020).
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al., 2020), impact of green areas in decreasing LST (Yin 
et al., 2019), evaluation of ecological indices and their re-
lationship with LST (Zhu et al., 2019), factors influencing 
forest canopy LST (Zuo et al., 2018), multi-temporal eval-
uation of forest burned area (Wang et al., 2017), among 
others. 

Among articles analyzed, the most used sensors were 
TIRS (Landsat 8) and TM (Landsat 4 and 5). The latter 
might be related to the failure suffered in 2003 by the scan-
ner line of the Landsat 7 ETM+ sensor, resulting in incom-
plete image capture that reduced its use in the scientific 
community (Yin et al., 2017).

Similarly, widely used spectral indices such as NDVI 
have been analyzed jointly with LST data to understand 
physiological processes such as water stress and forest de-
cline. NDVI is deemed as the most widely used spectral in-
dex, given its simplicity and dependence on spectral bands 
(NIR and red) that are easy to obtain (Huang et al., 2021). 
The wide use of NDVI can be explained by the influence 
on thermal processes of the condition and amount of veg-
etation cover, which can be inferred from NDVI, a proxy 
of vegetation density and vegetative vigor. For example, 
Wan Mohd Jaafar et al. (2020) analyzed the influence of 
deforestation on LST, using NDVI to determine the condi-
tions of the forest cover.

In addition to this, MODIS and Landsat products are 
often used jointly, which allows benefitting from Landsat’s 
higher spatial resolution and from MODIS’ temporal res-
olution (Guan et al., 2021). For example, in the study by 
Herrero et al. (2019), Landsat 8 LST was integrated with 
MODIS data to classify savanna forest types in Zambia. 
The authors concluded that using both data sources al-

lowed to develop multi-temporal land use change analysis 
in African savannas.

Regarding the multidimensional scaling analysis, a link 
was observed between the terms evapotranspiration, vege-
tation index and vegetation. This finding can be related to 
the development of spectral indices, which use information 
from the thermal infrared band. For example: Temperature 
Dryness Vegetation Index (TDVI) and the Vegetation Tem-
perature Condition Index (VTCI), which are based on the 
theoretical relationship between NDVI and LST, allowing 
to predict areas with greater potential evapotranspiration 
than humidity availability (Xu et al., 2011).

Similarly, the topics urbanization, deforestation and 
land cover were grouped together, emphasizing the grow-
ing interest in understanding the processes of land use 
change and analysis of urban environments under a ther-
mal approach (Wang & Zhang, 2015; Hua & Ping, 2018; 
Arif et al., 2019). For example, Jana et al. (2020) analyzed 
the impact of urban forests and green areas in the thermal 
dynamics of a city in Doon Valley, India, and concluded 
that the expansion of areas with urban land use in replace-
ment of forests and green areas influenced an observed in-
crease in LST of up to 8.6°C.

The thematic evolution plot indicates that the use 
of thermal information from the Landsat series in the 
analysis of forest ecosystems has been a matter that has 
changed over time. It was initially used for the analysis 
of processes, such as evapotranspiration in the vegetation 
cover. Subsequently, a trend was observed in the use of 
this information for climatic and meteorological analy-
sis and the development of vegetation indices. In recent 
years, it has been used for the analysis of processes asso-

Figure 8. Thematic evolution of the field of land surface temperature information from the Landsat missions.
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ciated with climate change. This suggests that the topics 
of application and techniques of analysis have evolved 
in lockstep with remote sensing trends, also related to 
topics of global importance such as climate change. Oth-
er emerging topics such as phenomenological analysis, 
desertification, mining, or above-ground biomass estima-
tion can represent areas of opportunity for the use of LST 
from Landsat series.

The paper herein has certain limitations, especially re-
garding the use of a single database (Scopus), which does 
not include all indexed journals and focuses on documen-
tation only in English; therefore, this analysis could be 
excluding relevant documentation. In future studies, the 
search could be extended to other scientific databases such 
as Web of Science and Google Scholar. Lastly, it is worth 
noting the recently the Landsat 9 satellite was successful-
ly launched. This satellite shares an orbit with Landsat 8, 
which increases the temporal resolution of images and re-
duces the risk of interrupted information (USGS, 2020). 
Without a doubt, Landsat 9 represents the commitment 
and interest in ensuring the continuity of the Landsat se-
ries’ data collection. 

Conclusions
The use of land surface temperature (LST) data from 

Landsat series to monitor and characterize forest ecosys-
tems is a topic in evolution, with applications in vegeta-
tion cover classification, forest monitoring, and drought 
and evapotranspiration analysis, among others. There are 
several countries with scientific productivity on the top-
ic, with other regions such as Africa or Central America 
(e.g. Mexico) showing potential for expanding its appli-
cation. Thermal analysis of forest ecosystems has mainly 
focused on temperate forests, tropical forests, and urban 
forests. There is consequently an area of opportunity for 
the analysis of other types of vegetation with LST data. 
The analysis of collaboration between countries showed a 
limited cooperation between countries, centered on a rel-
atively small amount of collaboration networks. Increas-
ing the collaboration between countries in this topic will 
allow improving the knowledge of thermal dynamics of 
forest ecosystems and its application to improve forest 
decision making in diverse regions of the world. The use 
of Landsat LST in forest ecosystems has evolved in pair 
with the trends and methodologies of remote sensing, with 
some emerging topics such as climate change monitoring 
in the last years. The current bibliometric analysis allowed 
understanding the characteristics and evolution of this re-
search topic. Future bibliometric research could focus on 
further comparing the thermal information from Landsat 
with those of other satellite platforms i.e. MODIS, Senti-
nel-3, NOAA-AVHRR, to obtain a multi-sensor perspec-
tive on the use of remote sensing for thermal characteriza-
tion of forest ecosystems. 
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