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Abstract: Forests are threatened globally by deforestation. Forest restoration at the landscape scale can
reduce these threats. Ground-based and remote sensing inventories are needed to assess restoration
success. Fractional canopy cover estimated from forest algorithms can be used to monitor forest
loss, growth, and health via remote sensing. Various studies on the fractional cover of forest have
been published. However, none has yet conducted a bibliometric analysis. Bibliometrics provide a
detailed examination of a topic, pointing academics to new research possibilities. To the best of the
authors’ knowledge, this is the first bibliometric study screening publications to assess the incidence
of studies of the fractional cover of forests in Web of Science (WoS) and Scopus databases. This
research analyses WoS and Scopus publications on the fractional cover of forest dating from 1984
to 2021. The current study uses the Bibliometrix R-package for citation metrics and analysis. The
first paper on the fractional cover of forest was published in 1984 and annual publication numbers
have risen since 2002. USA and China were the most active countries in the study of fractional
cover of forests. A total of 955 documents from 69 countries with multiple languages were retrieved.
Vegetation, forestry, and remote sensing were the most discussed topics. Findings suggest more
studies on the fractional cover of forests algorithms should be conducted in tropical forest from
developing countries.

Keywords: bibliometric analysis; fractional cover; forest; remote sensing; R-package; biblioshiny

1. Introduction

More than a third (31%) or 4.06 billion hectares of the land area is covered by forests [1].
Forests can be viewed and valued from a variety of perspectives such as they can be a
source of timber, an ecosystem made up of trees and many other types of organisms, a
home for indigenous people, a place to store carbon, a source of many ecosystem services,
or all of the above at the same time [2].

In recent times, forests are confronted with a wide range of threats and stressors,
causing them to become increasingly at risk due to deforestation [3], drought [4], climate
change [5], forest fire [6], invasive species [7], pests and pathogens attack [8] and air
pollution [9]. Globally, deforestation is the most severe threat to forests [10]. The FAO data
from 2015 to 2020 shows that deforestation was estimated to be 10 million hectares per
year [1]. Deforestation has an impact on the provision of critical ecosystem services such as
biodiversity preservation [11], climate regulation [12], carbon sequestration [13], and water
supply security [14,15].

Forest Landscape Restoration (FLR) is required to mitigate deforestation and promote
multifunctional and sustainable landscapes [16]. The FLR activities are in line with Sustain-
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able Development Goals 2030 (SDGs). The FLR processes and interventions are expected to
be integral components of the global climate-change programs to reduce greenhouse gas
emissions and increase carbon storage and in national plans to adapt forest landscapes to
changing climatic and environmental conditions [17].

These SDGs and other related policies depend on the availability of timely and reliable
forest data by implementing monitoring and assessing forest loss, gain, and health [18]. There-
fore, forest management requires continuous information about forest structure and resources
through inventories. Field-based inventories are gathered through ground-based surveys but
increasingly rely on remote sensing technologies [19]. However, the benefits of integrating field-
based inventories and remote sensing technology are numerous, including lower costs due to
reduced sampling intensity, visual records of the situation and changes, increased capacity in
mapping, monitoring, reporting, and more harmonised information assessment [20].

Remote sensing is an important tool for monitoring in real-time and providing an
accurate picture of the field with a high revisit frequency and accuracy. Remote sensing, in
conjunction with other modern techniques, such as machine learning, various algorithms
for modelling, global positioning systems and geographical information systems, plays a
significant role in assessing and managing forest activities [21].

For this reason, remote sensing has been used in a wide range of forest ecology and
management applications, from tracking land cover changes such as habitat fragmenta-
tion [22] and estimating forest biophysical [23] and chemical properties [24]. All the critical
data and information gathered from remote sensing will support forest managers in forest
operational planning and sustainable management and benefit the countries in developing
relevant policies.

The algorithm for determining fractional cover is one of the methods used in re-
mote sensing for monitoring and assessing forest loss, gain, and health through the forest
canopy [25]. The amount of foliage (from the forest canopy) visible from the nadir is vital
for land surface conditions [26,27]. Its presence also serves as a proxy for various plant func-
tions and characteristics [28]. The fractional cover can inform various analyses involving a
wide range of ecological processes from flora to fauna dynamics [29], forest growth [30],
food web structure [31], vegetation studies [32], land management practices [33], hydrol-
ogy [34], dynamics of soil carbon [33], disaster risk [35] and drought monitoring [36].
Additionally, these quantities capture the biophysical consequences of several disturbances
caused by natural and human drivers [37,38].

The fractional cover values acts as input parameters for the biosphere for simulating
the exchange between the land surface and the atmospheric boundary layer using the
soil, vegetation and atmosphere transfer model [39]. The amount of fractional cover of
forest devoted to photosynthesis vegetations (green leaves), non-photosynthesis vegetation
(above ground dead biomass, litter and wood), and bare substrate is a key determinant
of ecosystem physiology, structure, biomass, and biogeochemical stocks [37]. Therefore,
estimating the fractional cover of forest in a single coarse pixel of remote sensing data is a
feasible method for monitoring long-term and accurate regional forest cover changes [40].

Recently, bibliometric analysis has become an essential part of a broader ‘toolbox’
of evaluation techniques available to R&D policymakers to assist decision-making [41].
Researchers may use bibliometrics to gain an overview of their research field and its
connections with neighbouring research areas. Bibliometrics is also frequently used in
research management and evaluation [42]. This method is an inferential strategy that
derives the academic quality of scholarly publications from their quantification [43].

Several studies and findings on the fractional cover of forest have already been pub-
lished. Nonetheless, no bibliometric study has yet been undertaken. Such studies provide a
detailed overview of an issue, directing academics to new research fields and contributions.
To the best of the authors’ knowledge, this is the first bibliometric screening study of
publications to assess the literature on fractional forest cover algorithms in the Web of
Science (WoS) and Scopus databases.
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This study aims to understand the fractional cover of forests across the globe by
conducting a bibliometric analysis to address the following research questions:

i. What is the current trend and significance of publications on the fractional cover of
forests studies?

ii. Which countries and authors are the most productive and prominent in the fractional
cover of forest studies?

iii. What are the frequent topics among scholars regarding the fractional cover of forests?

This paper is divided into three sections that detail the materials and methods, results
and discussion, and a conclusion with interpretation and a discussion of the various issues
raised in response to the research questions.

2. Materials and Methods
2.1. Documents Searching

In this study, data were collected from two major global citation databases, Web of
Science (WoS) and Scopus, to analyse collected publications on the fractional cover of the
forest. This study examined all types of publications published in both databases between
1984 and 2021.

The Bibliometrix R package was used to merge extracted WoS and Scopus databases
and remove duplicate documents. A total of 955 publications relating to the fractional
cover of the forest were retrieved. The extracted file was uploaded into the Biblioshiny
application (using the R-studio cloud) to classify and analyse the trends in research and
selected publication attributes from both databases. The Bibliometrix R package is a one-
of-a-kind programme written in the R programming language for statistical computing
and graphics. Because it is an object-oriented and functional programming language, R is
uncomplicated to automate analyses and develop new functions [44].

The search term “fractional cover forest” in all fields (WoS) and the article’s title
(Scopus) were used to search relevant articles published in any language related to the
fractional cover of forest research. Article titles capture the researcher’s intent and inform
the reader about what to expect in the manuscript. A title is created and published to entice
others to read the research [45,46].

Figure 1 shows our methodology adopted for publication searching. All the publica-
tions were subjected to bibliometric analysis. The following software was used to obtain
the results:

i. Bibliometrix 3.1 R-package for citation metrics and analysis [44].
ii. VOSviewer version 1.6.16 (www.vosviewer.com, accessed on 15 May 2022) to create

and visualise the bibliometric networks.
iii. Microsoft Excel 365 was used to compute each publication’s citation frequency and

percentage and create appropriate graphical representations.

www.vosviewer.com
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Figure 1. Flow diagram of the publications searching methodology.

2.2. Bibliometric Analysis

The following attributes were used to analyse the identified publications during
the search process: annual growth of publication numbers, document and source type,
document languages, keywords analysis, publication distribution by countries, authorship
analysis, title and abstract analysis, and citation analysis. Bibliographic data from the
merged database were used to calculate the data for this analysis.

2.2.1. Publication Current Trends

The findings included annual publication data from 1984 to 2021 and their frequency
and percentage. In order to understand the current trends and significance of publications
in the fractional cover of forest research, the total of publications divided by year, country,
journal, author, and organisation were used to analyse publication trends in the forest
fractional cover.

Document and source types were evaluated based on languages and the type and
source of the document. Document type identifies documents based on their type, such
as conference paper, article, book chapter, and proceeding paper. In contrast, source type
represents the publication’s source type: in a journal, conference proceedings, book series,
book, or trade publication.

2.2.2. Most Productive Countries and Authors

The most productive authors and countries in these titles were found through Bib-
lioshiny Application. Apart from that, VOSviewer was used to analyse co-authorship
collaboration based on authors and countries.

2.2.3. Most Citations

For keyword analysis, a Word Cloud was used. The Word Cloud was created using
the Biblioshiny Application. Author keywords were chosen using graphical parameters.
The primary benefit of author keyword selection is that it provides insight into current
research topics and trends. A maximum of 50 keywords were allowed. The text was chosen
randomly from a dark tone. Analysis for citation and publication by source title using
Biblioshiny. VOSviewer use for the frequency and simultaneity of occurrences in the titles
and abstracts were examined. The co-occurrence network was constructed using the full
counting method. This function counts each occurrence of a term in the document.
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3. Results and Discussion

The bibliometric analysis was conducted to resolve the issues raised in the study. The
study sought to determine the current publication trend and the significance of studies on
the fractional cover of forests algorithms. Second, it aimed to identify the most productive
countries and authors in fractional cover of forest studies, and finally, to recognise the most
prominent articles on the fractional cover of forest studies.

3.1. Publication Current Trends
3.1.1. Publication Growth

Figure 2 shows the growth in the total number of publications (TP) and total citations
(TC) obtained from merging records from the WoS and Scopus databases. This study
found 955 publications using a predefined search query with a total of 27,629 citations.
Springer Link (1984) published the first research for fractional cover of forest research, that
by Padberg and Wosley [47] entitled Fractional Covers for Forests and Matchings in the journal
Mathematical Programming.
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Figure 2. Growth of publication by year.

There were no relevant publications found for the period 1985 to 1989. There were
probably no researchers aware of this algorithm in those years, resulting in no studies
on fractional cover of forest being undertaken. However, in 1990, one publication was
published. The number of publications increased slightly between then till 2002. Since
then, publication numbers on the fractional cover of forests have gradually increased. The
highest number of citations was in 2009 with 2701, while the highest number of publications
annually was in 2021 with 120.

3.1.2. Document and Source Type

The documents published on the fractional cover of forests were classified into 12 types
of documents, as summarised in Table 1. The highest proportion of publications were
classified as articles (82.41%), followed by proceedings papers (6.81%) and conference
papers (5.86%). The publications listed as the document type conference papers were not
the same as those listed as conference papers under source type [48]. They were presented
at conferences and then published as full journal articles, so they could not be republished.
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Limiting source data to journal publications reduces false positives, especially for those
originating from conference proceedings.

Table 1. Type of documents.

Document Types Total Publications %

article 787 82.41
article: book chapter 4 0.42

article: data paper 3 0.31
article: early access 4 0.42

article: proceedings paper 13 1.36
book chapter 6 0.63

conference paper 56 5.86
conference review 4 0.42

erratum 1 0.10
proceedings paper 65 6.81

review 11 1.15
short survey 1 0.10

Total 955 100.00

While other types of documents (article: proceedings paper, review, article: book
chapter, article: early access, article: data paper, erratum, and short survey) comprise less
than 2% of the overall publications. Besides, 80% of the documents are published as articles
(a combination of all article types).

3.1.3. Languages of Documents

According to the summary of publications in Table 2, the majority (96.63%) of the
955 publications were written in English, with 924 publications originating from 69 coun-
tries. Next most frequent were Chinese (2.62%), then Polish and Spanish (0.21%), and least
number were French and Russian (0.10%).

Table 2. Source type.

Language Total Publications (%)

English 924 96.75
Chinese 25 2.62
French 1 0.10
Polish 2 0.21

Russian 1 0.10
Spanish 2 0.21

Total 955 100.00

3.2. Most Productive Countries and Authors
3.2.1. Publication by Countries

Figure 3 shows the top 20 most productive countries in terms of fractional cover of
the forest studies. Researchers from 69 countries who had published were identified in
the publications listed in both databases. The USA led the ranking of the most productive
countries with 760 publications, followed by China with 536, Australia with 134, and
Germany with 123, the fourth highest number of publications. The remaining countries
constituted less than 30 publications dispersed worldwide, including Belgium, Brazil, Japan,
Turkey, India, Malaysia, and Mexico. Most publications were from the North American
continent, followed by Asia and Europe.



Forests 2022, 13, 1664 7 of 17

Forests 2022, 13, x FOR PEER REVIEW 7 of 17 
 

 

temperate grassland, boreal forest, mountain, desert, chaparral, and polar ice; China: tem-
perate forest, temperate grassland, boreal forest, mountain, and desert; Australia: temper-
ate forest, savannah, desert, chaparral, and tropical forest; Germany: temperate forest; 
Canada: boreal forest and tundra; United Kingdom: temperate forest; and Finland: boreal 
forest and desert [49]. Thus, most studies are from regions with temperate and boreal for-
ests. 

As illustrated in Figure 4, the USA also ranks for the highest total number of citations 
with 13,107, followed by China with 2364, Italy in third with 1632, and Germany in fourth 
with 1205. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Most productive countries study on the fractional cover of forest algorithms. 

 
Figure 4. Most cited countries study the fractional cover of forest algorithms. 

3.2.2. Authorship Analysis 
Table 3 shows the top 10 list of most prolific authors of studies on the fractional cover 

of forest algorithms. The most active authors were Xiao-Yan Li from the Beijing Normal 
University (China), Gregory P. Asner from the Carnegie Institution (USA), and Jouni Pul-
liainen from the Finnish Meteorological Institute (Finland). However, in terms of the total 

Figure 3. Most productive countries study on the fractional cover of forest algorithms.

This figure could also be used to determine the terrestrial biomes studies based on
productive countries. For instance, the terrestrial biomes of USA include temperate forest,
temperate grassland, boreal forest, mountain, desert, chaparral, and polar ice; China:
temperate forest, temperate grassland, boreal forest, mountain, and desert; Australia:
temperate forest, savannah, desert, chaparral, and tropical forest; Germany: temperate
forest; Canada: boreal forest and tundra; United Kingdom: temperate forest; and Finland:
boreal forest and desert [49]. Thus, most studies are from regions with temperate and
boreal forests.

As illustrated in Figure 4, the USA also ranks for the highest total number of citations with
13,107, followed by China with 2364, Italy in third with 1632, and Germany in fourth with 1205.
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3.2.2. Authorship Analysis

Table 3 shows the top 10 list of most prolific authors of studies on the fractional
cover of forest algorithms. The most active authors were Xiao-Yan Li from the Beijing
Normal University (China), Gregory P. Asner from the Carnegie Institution (USA), and
Jouni Pulliainen from the Finnish Meteorological Institute (Finland). However, in terms of
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the total number of articles fractionalised by authors, Gregory P. Asner came in first with
5.2, followed by Xiao-Yan Li (4.33) and Jinfei Wang (4.27). Most of the top 10 listed authors
were from China.

Table 3. Most active authors.

Authors Articles Articles
Fractionalized * Affiliation Country

Xiao-Yan Li 22 4.33 Beijing Normal
University China

Gregory P. Asner 21 5.20 Carnegie Institution The USA

Jouni Pulliainen 21 3.62
Finnish

Meteorological
Institute

Finland

Jinfei Wang 21 4.27 Beijing Normal
University China

Sari Metsämäki 17 3.17
Finnish

Meteorological
Institute

Finland

Yongguang Zhang 16 2.62 Nanjing University China

Kari Luojus 13 2.38
Finnish

Meteorological
Institute

Finland

Dar A. Roberts 12 2.99 University of
California The USA

Yunjun Yao 12 1.71 Beijing Normal
University China

Kun Jia 11 1.30 Beijing Normal
University China

* Note: Fractional authorship quantifies individual author’s contributions to a published set of papers (following
hypothesis of uniform contribution of all co-authors at each document.

Figure 5 shows the network visualisation map (WoS database) of the co-authorship
based on authors with a minimum number of one citations (fractional counting). The
analysis is because prominent writers have been cited at least once in one publication on
fractional cover of forest. The colour of the connecting line, the size of the circle, the font
size, and the font weight emphasised the direction of the author’s connection.

As indicated by using the same colour, associated authors were frequently listed
consecutively. Jouni Pulliainen (prominent author), Ali Nadir Arslan, and Matlas Takala,
for example, worked closely together according to the graph (green colour). Additionally,
the map depicts (in orange) a group of authors such as Michael J. Hill, Richard Thackway,
Peter Bunting, and Adrian Fisher have collaborated with Mark Chopping (prominent
author). The finding suggested that most publications on the fractional cover of the forest
have at least one citation to publications by the author Gregory P. Asner.

Figure 6 displays the network visualisation map of the authors’ affiliated countries.
Research from countries that have cited more than one article and have more than one
citation is included in the analysis. Based on font size, the results indicate that the USA
plays an essential role in international collaboration. The USA collaborates with Brazil,
England, Portugal, Italy, and Puerto Rico. Next was China, which most collaborates with
USA, Switzerland, France, and Pakistan.
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3.3. Most Citation
3.3.1. Keywords Analysis

Keyword analysis revealed emerging trends in the field [50]. A keyword in a central or
hub position in a keyword network is typically connected to a large number of neighbouring
keywords as a result of the network’s preferential attachment process [51]. The key points
for this field can be seen in the results of a Word Cloud (Figure 7) where it was discovered
that the keywords “vegetation” with a frequency of 219 times, following “forestry” (131),
“and “Remote Sensing” (112) were among the top ten most frequently used terms in the
collected publications.
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3.3.2. Citation Analysis

Citations that are consistent with the content are a vital part of scientific integrity in
any academic discipline [52]. Table 4 summarises the citation metrics for publications on
the fractional cover of forest. There were 955 publications published over a 37-year period
(1984–2021), the average number of citations per year per document was 2.898, while the
average number of citations per document was 28.93. More than 36,000 references were
counted. For author collaborations, the count for documents per author was 0.328, while
the average number of authors per document were 3.05.

Table 4. Citations metrics.

Item Description Results

Main Information About Data

Timespan 1984–2021
Sources (Journals, Books, etc.) 325

Documents 955
Average years from publication 8.53
Average citations per document 28.93

Average citations per year per document 2.898
References 3.6374

Authors Collaboration

Single-authored documents 44
Documents per Author 0.328
Authors per Document 3.05

Co-Authors per Documents 4.77
Collaboration Index 3.15

Table 5 displays the most cited articles according to the WoS and Scopus databases
(depending on the total number of citations for each document). Norman J.M. et al. [53] in
the journal Agriculture Forest Meteorology received the most citations for the article “Source
approach for estimating soil and vegetation energy fluxes in observations of directional radiometric
surface temperature” with 1044 total citations and an average of 37.29 citations per year.

Table 5. Most Global Cited Documents.

No. Paper Article TC TC per
Year

Normalised
TC

1
Norman
J.M. et al.

[53]

Source approach for estimating soil and
vegetation energy fluxes in

observations of directional radiometric
surface temperature

1044 37.29 5.49

2 Steduto P.
et al. [54]

AquaCrop—The FAO crop model to
simulate yield response to water: I.
concepts and underlying principles

935 66.79 11.42
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Table 5. Cont.

No. Paper Article TC TC per
Year

Normalised
TC

3

Kumar P.
and

Foufoula-
Georgiou

[55]

Wavelet analysis for geophysical
applications 666 25.62 5.69

4 Glenn E.P.
et al. [56]

Relationship between remotely-sensed
vegetation indices, canopy attributes

and plant physiological processes:
What vegetation indices can and cannot

tell us about the landscape

445 29.67 8.74

5 Somers B.
et al. [57]

Endmember variability in Spectral
Mixture Analysis: A review 440 36.67 10.54

6
Walko

R.L. et al.
[58]

Coupled
atmosphere–biophysics–hydrology

models for environmental modelling
420 18.26 5.19

7
Painter

T.H. et al.
[59]

Retrieval of subpixel snow-covered
area, grain size, and albedo from

MODIS
361 25.79 4.41

8

Dennison
P.E. and
Roberts

D.A. [60]

Endmember selection for multiple
endmember spectral mixture analysis

using endmember average RMSE
323 16.15 4.29

9
Panagos
P. et al.

[61]

Estimating the soil erosion
cover-management factor at the

European scale
314 39.25 10.10

10
Ducoudre
N.I. et al.

[62]

SECHIBA, a new set of
parameterizations of the hydrologic
exchanges at the land-atmosphere

interface within the LMD. Atmospheric
General Circulation Model

306 10.20 2.92

3.3.3. Publication by Source Title

Table 6 shows the top 10 source titles that published articles on the fractional cover of
the forest, based on the total number of articles published under each source title. As seen
from the table, “Remote Sensing of Environment” publisher Elsevier (133 publications) with
h-index of 51 has the most sources on the fractional cover of the forest. Followed by “Remote
Sensing” published by MDPI (78 publications) with an h-index of 20, and “Agriculture and
Forest Meteorology” published by Elsevier (42 publications) with an h-index of 22. The
h-index gauges scholarly output and citation impact. It is one of several bibliometric
measures that attempts to quantify the quantity and quality of a researcher’s scholarly
output. It is based on the scholar’s most referenced works and the number of publications
that have mentioned them [63].

The journal “Remote Sensing of Environments” also ranks as the highest total number of
citations with 7585. This is followed by the journals “Agricultural and Forest Meteorology”
cited 2790, “Remote Sensing” cited 1165, and “International Journal of Applied Earth Observation
and Geoinformation” cited 1068 times. Out of these top 10, eight (8) active source titles
involved in remote sensing were discovered.
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Table 6. Most active source (journal) titles.

Sources Title Publisher TP TC h-Index

Remote Sensing of Environment Elsevier 133 7585 51
Remote Sensing MDPI 78 1165 20

Agricultural and Forest Meteorology Elsevier 42 2790 22
International Journal of Remote Sensing Taylor & Francis Ltd 38 855 18
International Journal of Applied Earth

Observation and Geoinformation Elsevier 36 1068 19

ISPRS Journal of Photogrammetry and
Remote Sensing Elsevier 23 724 14

IEEE Journal of Selected Topics In Applied
Earth Observations And Remote Sensing

IEEE-Inst Electrical
and Electronics
Engineers Inc.

14 136 8

IEEE Transactions on Geoscience and
Remote Sensing

IEEE-Inst Electrical
Electronics

Engineers Inc.
14 320 10

Water Resources Research American
Geophysical Union 10 185 8

Ecological Indicators Elsevier 9 209 5

3.3.4. Title and Abstract Analysis

Figure 8 depicts a network of term co-occurrences that varies according to the title and
abstract fields and contains at least 17 terms. Figure 8 shows that the entire network is con-
structed using the keyword “canopy cover” from the fractional cover of forest publications.
The size of the node indicates the item’s heaviness in appearance, while the density of the
connecting line indicates the item’s strength of the connection. VOSviewer generated six
(6) distinct colours from the title, each representing one of the publication’s six (6) clusters
of 214 terms.
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Typically, words that are displayed in the same colour are all closely related and fre-
quently appear concurrently. Such as, Cluster 1 (shown in purple): includes topics “canopy”,
“LAI”, “biomass”, and “lidar”. Cluster 2 (shown in red): includes topics “change”,” im-
pact”, “response”, “soil” and “water”. Cluster 3 (shown in dark blue): includes topics
“product”, “forest canopy”, “observation”, “ground”, “snow” and “snow cover”. Cluster 4
(shown in yellow): includes topics “disturbances”, “fire”, “recovery”, “selective logging”
and “soil erosion”. Cluster 5 (shown in green): includes topics “accuracy”, “algorithm”,
“pixel”, “fvc” and “species”. Cluster 6 (shown in light blue): includes topics “vegetation
index” and “ndvi”.

The LiDAR (active sensor) and Sentinel (passive sensor) remote sensing technologies
are often mentioned in these studies based on the visualisation displayed. The LiDAR
is useful for detecting fine-scale (tree level) forest structure and change with repeat mea-
surements. The LiDAR represents the 3D biological material distribution in tree canopies
and sensitive to sub-canopy alterations [64], while Sentinel is equipped with an advanced,
high-resolution, wide-swath multispectral imager with 13 spectral bands to provide a new
viewpoint on land and vegetation [65].

The last decade has seen the expansion of Unmanned Aerial Vehicle (UAV) applica-
tions using optical and LiDAR in the forestry sector due to sensors, platforms, and software
advances. Individual tree detection may be regarded as one of the most important UAV ap-
plications since it may provide information on tree height, crown width, diameter at breast
height, aboveground biomass, forest uniformity, and wood quality [66,67]. Nevertheless,
the application of remote sensing technology depends on the study’s requirements, as all
types of remote sensing technology have advantages and limitations.

Next, the most frequent remote sensing methods frequently used for the fractional cover
of forest algorithms studies were Machine Learning Classification, such as Random Forests, in
102 documents, Support Vector Machines (16) and Artificial Neural Networks (14), followed
by Spectral Mixture Analysis (52) and Multi-Endmember Spectral Mixture Analysis (17).
Spectral indices were also frequently utilised in this study, particularly vegetation indices
such as Leaf Area Index (174) and Normalized Difference Vegetation Index (145).

Nonetheless, this figure identified no topics associated with monitoring, deforestation,
tropical forests, carbon emission, and developing countries. This indicates that there is less
research related to those topics. The previous study [68] mentioned that deforestation is
mostly in tropical developing countries. Monitoring deforestation in tropical forests is cru-
cial to addressing carbon emissions and climate change [69]. The UNFCCC (2010) [70] also
has prompted developing countries to assess land use, land-use change, and forestry activi-
ties, particularly those associated with the drivers of deforestation and forest degradation,
to determine their potential contribution to climate change mitigation.

4. Limitation of Study

This study is limited to the Web of Science and Scopus databases. Consequently, it
is possible to conduct a bibliometric review using other databases in future research. It
should also be noted that no search query is perfect; thus, false positive and negative results
should be expected. Despite these limitations, the current research contributes to the body
of knowledge by describing current research trends on the fractional cover of the forest.
Additionally, this research contributes by utilising the bibliometric method to increase our
understanding of the literature for fractional cover of forest.

5. Conclusions

The finding of this review paper indicated that bibliometric analysis aids researchers
in their search for publications relevant to the studies they intend to conduct by using
keywords from databases. Bibliometric analysis assists researchers in determining the
current and significant trends of the study, the most prolific and prominent authors and
countries’ publications, and the frequency with which the fractional cover of the forest
algorithms is discussed in the literature. Additionally, the Bibliometrix R package is a
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very user-friendly software that can be utilised when carrying out bibliometric analysis,
especially in merging citation databases.

The results indicate that the USA and China are the most active countries in the study
of fractional cover of forest algorithms. In 1984, the first publication on the fractional cover
of forest was published. The number of publications increased slightly between then and
2002, However, the number of publications has increased in subsequent years. A total of
955 documents were retrieved related to the fractional cover of forest from 69 countries, and
most publications were in English. The keywords “vegetation”, “forestry”, “remote sensing”
and “model” were among the top ten most frequently used in collected publications. This
study indicates there is still a shortage of research related to deforestation, tropical forest,
carbon emission, and developing countries.

This analysis has identified fewer studies on tropical forests and fewer authors from
developing countries engaged in studies on the fractional cover of the forest algorithms.
Developing countries like Brazil, Indonesia, Peru, Colombia, Laos, and Myanmar have
a plethora of tropical forests, which we are all familiar with. The tropical forest is one
of the world’s largest biomes. It contains enormous amounts of biodiversity and carbon
stocks and has the highest rates of ongoing habitat conversion of any forest. The findings
suggest that more studies should be conducted on the fractional cover of forests algorithms
in tropical forests from developing countries.
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