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Abstract: The main aim of this study is to analyze from a bibliometric point of view the research
trend in spatial analysis for landscape changes using the records published in the Web of Science
database in the last twenty years. Several parameters such as documents published per year, sources
of documents, number of citations as well as VOSviewer software and GIS are used for the analysis of
different metrics such as the number of citations, co-authorship network, and keyword occurrences.
Analysis of the number of papers, their keywords, and authorships countries shows the research trend
in the specific topics of the spatial analysis for landscape changes and consequently can constitute a
benchmark for researchers who approach this research topic.
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1. Introduction

Spatial analysis saw a big improvement in the last few decades thanks to the parallel
growth of Information Computer Technologies (ICT), both from the hardware and from
the software development point of view. Since then, many research fields have been taking
advantage of the spatial analysis discipline. Between these, there are all the studies directly
concerned with human- and natural-induced landscape changes. Bibliometric analysis
of “hot” research topics is a growing tool for the investigation of emerging disciplines,
cooperations, publication impact, and new research trends [1]. In recent years, such an
approach has been adopted by several authors to quantitatively delineate the global trend
of different research topics or wider disciplines [2-6], highlighting the usefulness of the
method to study the past and future direction of research patterns. Moreover, the recent
availability of wider databases and innovative software of bibliometric analysis provides
new tools for the deeper visual and statistical analysis of temporal and geographic global
distribution in research trends [1]. In this work, we carry out a bibliometric analysis of
the emerging research topic of the spatial analysis of landscape changes with the aim to
investigate the topic’s research pattern in the last two decades and to guide researchers to
understand future trends.

Landscape changes are very important for the past, present, and future of the Earth
and consequently for human life; consequently, as it is shown in this paper, the study
of landscape changes through the help of spatial analysis has grown in recent decades
and become a hot topic. For this reason, there are many articles belonging to the Ecology,
Territorial Planning and Earth Science sectors. Just some examples of the themes afforded
in these areas are papers that use spatial analysis for understanding how landscape changes
impact species distribution over space and their interaction with environments [7,8], the
quantification of natural resources, such as water [9], forests [10-12], and, more in general,
of ecosystem services [13,14], and multi-temporal analysis of satellite images and maps as
a tool to reconstruct land-use changes and rates of geomorphological processes [15-17].
One of the most effective approaches to investigate natural landscape changes is the geo-
morphological one, which benefits from recent advances in the development of software
and algorithms of digital elevation model (DEM) comparison [18,19], image change detec-
tion [20,21], and landscape evolution models [22-25]. Moreover, sustainability is a big topic

Appl. Sci. 2021, 11, 10078. https://doi.org/10.3390/app112110078

https:/ /www.mdpi.com/journal/applsci


https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-7414-5083
https://orcid.org/0000-0002-3394-3705
https://doi.org/10.3390/app112110078
https://doi.org/10.3390/app112110078
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app112110078
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app112110078?type=check_update&version=2

Appl. Sci. 2021, 11, 10078

20f13

connected with this research line and there are many articles concerning it [26-28], together
with analysis connected to climate change [29-31] and pollution quantification [32-34].
However, there are other disciplines such as Archaeology or Historical studies [35-37], or
fire analysis [38—40], that are strictly connected to the wider topic of landscape changes.

From what has been said, it is now clear that to consider “spatial analysis for landscape
changes” (from here s.a.l.c.) implies covering a very broad area because there are many
topics and, at the same time, there are many types of spatial analysis that could be used
to investigate these changes, from more traditional methods [41] to more intelligent data
analysis [42].

Consequently, the main aim of this paper is to clarify topics, trends, and methods
that are connected to the research line of s.a.l.c. through a comprehensive and accurate
bibliometric analysis during the last twenty years.

2. Methodology
2.1. Bibliometric Search Engine, Tools, and Software Used for S.A.L.C. Analysis

To retrieve the scientific literature for this paper, we used the Web of Science database
(WoS). Among the most popular bibliographic databases of research papers such as Scopus,
WoS, and Google Scholar, we chose WoS because it represents the best compromise among
database completeness and cataloguing of higher rank journals [43].

This research was conducted by using the combination of s.a.l.c. keywords, written
between the quotation marks, in order to include at the same time all the four keywords
and by looking for them inside the title, abstract, and keywords of the scientific paper. Then,
the analysis excluded from the research all the WoS categories including the life science
disciplines, such as biotechnology, applied microbiology, immunology, oncology, etc.

Regarding the time of publication, two temporal ranges were considered.

The first range considers years from 2001 to 2020, in order to study the general
characteristics of scientific literature in the highlighted topic.

The second range considers the same period, from 2001 to 2020, but is divided into
four five-year intervals, in order to investigate the long-term literature trends.

To achieve this goal, the following tools were used: first, some tools present inside
WoS were used to extract some statistics and graphs; second, an open-source Geographic
Information System, QGIS (open source software, downloadable at the site https:/ /www.
qgis.org/it/site/, accessed on 10 October 2021), was used to analyze the geographic
distribution of selected works; third, for more specific diagrams, the VOSviewer software
was used. It is a free software [44] based on text-mining and it is useful to construct
bibliometric maps.

The bibliometric mapping discipline, also called science mapping, recently appeared
in order to look for relationships between documents, keywords, or authors [45,46], and
with the main aim to investigate the structure and the dynamics of a topic [1,47].

In the literature, other software programs exist for bibliometric mapping, such as
SCImat [48] or CiteSpace [49]. Some software reviews are present in [50,51]. We chose
VOSviewer for its simplicity, flexibility, and clearness of the results.

2.2. VOSviewver Diagrams

Concerning the use of VOSviewer, it offers many useful tools for bibliographic analysis.
In this paper, the following diagrams were used:

e  The keyword co-occurrence map. It is a distance graph showing the connection
between the keywords included in the selected bibliography. If the terms co-occur
inside the same phrases, a higher relevance score is assigned to them. Consequently,
terms that are linked and near each other in the map are more related. With the
co-occurrence map, it is then possible to analyze the main keywords that characterize
the state of the art in a domain field. With this type of analysis, VOSviewer returns the
graph showing links between key terms, which are also divided into clusters; these
clusters are in turn built up on the basis of the co-occurrences of terms inside the paper
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titles. Moreover, the number of occurrences and the total link strength are associated
with each term.

e  The co-authorship cluster map. In this diagram, the countries where the authors
belong are represented as nodes. A bigger node consequently means that more
authors come from that country. Lines instead represent the relationship between
co-authors coming from different countries.

e  The overlay map between keyword co-occurrences and the year when the papers of
the studied bibliography were mostly cited. As in the previous maps, nodes and their
sizes still represent the number of keyword occurrences, and the lines still represent
the strength of co-occurrences between terms, but in this case, the colors represent the
citation year.

e  Density visualization of the co-occurrences map. This type of graphic facilitates the
reading of hot-spots and cold-spots of the keyword with a higher or lower density of
co-occurrences [44].

3. Results
3.1. General Quantitative Results

The first result, obtained from the research in Web of Science, is the quantification of
the citations and publications existing in the research field s.a.l.c. A total of 8409 records
were found, with a minimum of 86 in 2001 and a maximum of 862 in 2020. Figure 1
shows a consistent increase both in the publication and in the citation number, except for
two light drops between years 2002-2003 and 2016-2017. There was also a little decrease in
2020. However, we have to remember that 2020 was an exceptional year because of the
COVID-19 pandemic, and this could influence the number and the topic of the worldwide
research papers.
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Figure 1. Diagram representing the number of citations and publications reported by Web of Science
from 2000 to 2020.

3.2. Result Heterogeneity

In the results obtained by Web of Science, the first aspect that emerges, as expected
and explained in the introduction, is the heterogeneity of categories. This aspect is clearly
highlighted in Figure 2, where the composition of the first ten categories is visualized in
a tree map. Visual inspection of the map highlights that the main categories working in
these sectors are environmental disciplines such as Environmental Sciences (in 1st place
with 2349 documents, corresponding to 27.6% of the total data), Ecology (2nd place, 2337,
27.4%), Multidisciplinary Geosciences (3rd place, 1323, 15.5%), and Physical Geography
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(4th place, 1236, 14.5%). Moreover, it is possible to discover a first trend, not directly asked
with the query conducted in the Web of Science database. In fact, categories such as Remote
Sensing (873, 10.2%) and the Imaging Science Photographic Technology categories (528,
6.2%) are, respectively, classified in 5th and 9th place, suggesting the first delineation of the
main techniques and approaches related to the s.a.l.c.
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Figure 2. Tree map of the first twenty Web of Science categories where the works about spatial analysis for landscape

archaeology are published.

3.3. Spatial Distribution of S.A.L.C.

S.al.c. literature authorship is spatially distributed all around the world, even if a
preliminary analysis of the results indicates a relevant prevalence of European-related
papers coming from 129 different countries. Figure 3 shows the frequency of documents
found for each country and classified in deciles. The first five countries interested in the
research area are the United States of America (with 2765 documents, 32.9%), China (1205,
14.3%), Germany (888, 10.0%), the United Kingdom (836, 10.0%), and Canada (628, 7.5%). It
is worth noting that the countries that seem not involved in the research topics and present
zero articles or very few articles (1 or 2) are prevalently located in the African continent.

It is also interesting to look at the co-authorship map between countries (Figure 4),
and the four main geographical clusters found that are those with the following rank: (1st)
the USA, (2nd) China, (3rd) Germany, and (4th) the Netherlands.

3.4. Co-Occurrence Map of Keywords of the Whole Period

Concerning the co-occurrence map calculated in the period between 2016 and 2020,
four main clusters were found. The prevailing keywords of these clusters are the following
(the number of the cluster is just nominal, not ordinal):

e C(luster 1 (Figure 5a, red cluster, a total of 40 items): the keyword with the most
occurrences is climate change (1323). Here, secondary terms, besides the word climate
(349), express the different aspects of landscape connected to climate change, from
vegetation (573) to soil (146) and its erosion (97).

e  Cluster 2 (Figure 5a, green cluster, a total of 69 items): the “head” or main terms are
biodiversity (769 occurrences), pattern (896), and conservation (778), while minor
terms are diversity (428), ecology (330), fragmentation (367), landscape ecology (152),
habitat (231), connectivity (190), and landscape connectivity (86). It is interesting
to note that the keyword “spatial autocorrelation” (94) was inserted in this cluster
instead of the “method” cluster (the Cluster 3), even if, of course, the link with it
remains through keywords GIS, land-use change, remote sensing, and, most of all,
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urbanization, which is strictly linked with topics such as the protection or conservation
of biodiversity.

e  Cluster 3 (Figure 5a, blue cluster, a total of 62 items): here it is possible to highlight
two sub-clusters. The first one is prevalently a methodological one, with the main
terms GIS (502) and remote sensing (427). The second one is more related to the urban
and planning application fields, represented by the main words land-use change (666)
and urbanization (431). Terms linked to both are representative of the types of analysis
conducted and the instrument used, such as classification (359), the different names
of remote sensors, change detection (104), spatial metrics (44), and simulation (165).
Moreover, other secondary terms explain where these methods are applied: for urban
growth studies (117) and urban expansion (79).

e  Cluster 4 (Figure 5a, light green cluster, a total of 40 items): the main word is landscape
(1172), while secondary terms are management (560), impact (629), ecosystem services
(362), indicators (170), and vulnerability (112). As it is also possible to see from the
other minor terms, it is a cluster more oriented to the evaluation of landscape resources,
sustainability, and resilience.
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Figure 3. Spatial distribution of the countries of article authorship (a) in the World and (b) in
Europe. World background taken from @ naturalearthdata.com. The graph was extracted using
QGIS software.
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Figure 4. Co-authorship cluster map. Graph obtained by VOSviewer software.
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Figure 5. (a) Co-occurrence map (period: 2001-2020); (b) overlay visualization between key terms and their citation year.
Graphs made with VOSviewer software.

By “main word”, we meant words with the major frequencies clustered by the software.

Together with the co-occurrence map, we extracted a map where the overlay between
terms and the citation year is shown (Figure 5b): it shows the most cited keywords over the
years. In the legend, in particular, the years between 2012 and 2016 are highlighted because
this is the temporal range with the largest number of citations. In particular, the most
recently cited keywords since 2016 are climate change and ecosystem service, while “older”
ones (and actually, they are still consolidated in the literature) are GIS and remote sensing.

3.5. Density Map for Interval of 5 Years

In order to investigate the trend in s.a.l.c. research topics on a shorter-term period,
we extracted the density map of keywords for four different intervals of 5 years. The
interpretation of the maps (Figure 6) could become clearer with the help of data and
histograms reported in Figure 7, where occurrence frequencies of the keywords are reported
and schematized. Visual inspection of the maps suggests that the two common keywords
in the top five list are “landscape” and “pattern”. These two words are clearly connected
to the main topic of this research. Instead, we can see, for the first two temporal blocks
(2001-2005 and 2006-2010), that the other keywords are “model” and “GIS”, which are
related to the methodological aspects of the research. These two terms, in particular, have a
great increase in the second time block (i.e., from 2006 to 2010). Here, the keyword “climate
change” also appears. The latter becomes more significant in the third block (2011-2015)
and also increases in the 20162020 interval. The keyword “climate change” is further
reinforced by the last keyword of the top five list, respectively, in 2011-2015, with the
terms “biodiversity” and “conservation”, and in 20162020, with the terms “impact” and,
again, “conservation”.

Finally, Figure 7 shows the number of occurrences and the related histograms of the
keywords already cited in Section 3.4, which considers the most important terms for each
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cluster found in the total period between 2001 and 2020. This is performed to observe the
trend of main keywords (in bold, Figure 7) and some of the secondary keywords.
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Figure 7. Occurrences and related histograms for the main keywords observed in the 2001-2020
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3.6. Types of Spatial Analysis

Although spatial analysis is a relatively broad term adopted for different and wide
research disciplines, an analysis of keywords can be useful to extract information about
the main methods and approaches used in s.a.l.c research. To this aim, data were cleaned
manually and only keywords concerning methods were left in the analysis. Moreover, key-
words with a broader meaning such as “spatial analysis”, “remote sensing”, or “geospatial
analysis” were excluded.

A synoptic scheme of such an analysis is reported in Figure 8, where one can observe
the overlay between the co-occurrences map and its overlay with the publication year.
Table 1 shows the first 50 keywords, in order of importance for their occurrences: the two
top keywords represent, respectively, the traditional method used to analyze a landscape
and one of the more innovative methods. In fact, the keyword “classification” (359 occ.)
can be correlated to the results of the landscape analysis, whereas the second one (i.e.,
“simulation”, 205 occ.) has a strong connection with the approaches adopted for the valida-
tion of the results or landscape modeling. Other relevant keywords are the tools used by
spatial analysis, such as “indicators” (170 occ.) and “metrics” (156 occ.), or more innovative
and specific methods such as “cellular automaton” (113 occ.), “change detection” (104
occ.), “spatial autocorrelation” (103 occ.), “gradient analysis” (84 occ.), “species distribu-
tion model” (82 occ.), and “regression” (80 occ.). Among them, “cellular automation” is
maybe the most innovative, since has been recently introduced and represents a spatially
distributed evolution of artificial intelligence algorithms. Finally, in 10th place, we find
the term “(DEM, 72 occ.)”, which represents the basic elements of most of the landscape
analysis approaches. Additional information about research trends in the s.a.l.c. topic
can be inferred from the temporal variation of the keyword occurrences: for example, the
prevalence of keywords such as DEM, statistical analysis, data analysis, or regression in
the 2012-2013 period (blue tones in Figure 8) seems to suggest research approaches mainly
based on visual inspection and basic statistical analysis, while the appearance of peculiar
terms in 2016 such as random forest, Markov chain, machine learning, or cellular automata
clearly indicates a transition toward the automatic or semi-automatic classification of
landscape changes.

support vector machines

exploratory data analysis

surface reflectance
® gap agalysis vegatation analysis

time.seri@g analysis *
urban-rural gradient

vegetation index » fierana .

ject-based image analysis

- <
clusteranalysis
e wend analysis . gggats

.. Patchanalysis »
land cover{gléssification 4 indicators w
deep \earnm‘g e r,’mysns patrergimetrics

multiple fagression classificati

& /& metrics TR
b, o %

" random forést=/2! PgeeE ‘Hilage@palysis R el
v L

habitat mapping Smarkov chain

4 -
map probgk ‘cellﬂlar automata analytic hierarchy process

decision-analysis
P ecision-analysi

visualization™ ca-markov

L
partial least-squares machine learning

digital soil mapping

¢ r‘ergm‘km‘

- foeist o ool som multicriteria decision-analysi
o g 255 Smwon Wateshed "
e interR@IaTen. e oatial at rrelatjon X marix
redundancy analysls o gwr 1 ® graph theory
spatial predictign ™) & @ by ; ”
adads Y species diggribution model
o—2TWiIng » spatial statigfical analysis
canonical corrégpondentce-analy forest inventofy and analysis
infergnce landscapg@imodeling ¥ survivalianalysis
farest vegetation simulator
pollen@nalysis W ircloglalkmpde(fig agent-basgd modeling
s landscapgsimulation
scenarioanalysis  vulnerability analysis
boosted regression tree L

ecological risk assessment 2012 2013 2014 2015 2016

Figure 8. Overlay map for the types of spatial analysis more occurrent in s.a.l.c. research topic. Made
with VOSviewer.
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Table 1. First 100 keywords with the highest number of occurrences.
Keyword Occ! Keyword Occ.
01 classification 359 26 agent-based modeling 34
02 simulation 205 27 statistical analysis 34
03 indicators 170 28 autocorrelation 33
04 metrics 156 29 aerial photography 32
05 cellular automata 113 30 pattern analysis 32
06 change detection 104 31 tool 32
07 spatial autocorrelation 103 32 hot spot analysis 31
08 gradient analysis 84 33 leaf index 31
09 species distribution model 82 34 geographlcal}y weighted 30
regression
10 regression 80 35 machine learning 29
11 DEM 72 36 segmentation 29
12 map 71 37 network analysis 28
13 density 70 38 inference 27
14 logistic regression 67 39 cluster analysis 26
15 random forest 65 40 distribution model 26
16 sensitivity analysis 62 41 intensity 25
17 vegetation index 60 42 fractal 24
18 geostatistics 51 43 neural network 23
19 image analysis 45 44 r-package 23
20 spectral mixture analysis 44 45 spatial statistical analysis 23
21 land cover classification 40 46 fragstats 22
22 graph theory 37 47 photogrammetry 22
23 Markov chain 36 48 spatial prediction 22
24 object-based classification 36 49 time series analysis 22
25 pca 35 50 swat 21

1 Occurrences.

4. Discussion and Concluding Remarks

In this paper, a detailed bibliometric investigation of the research trend in spatial
analysis for landscape changes using the records published in the Web of Science database
in the last twenty years was carried out. Such an approach has been widely used to drive
scientists that need to understand the hot topic of a research field or territory (see, for
example, [2-4,52-54]).

Our analysis was conducted with the help of three different software packages: the
analysis utility offered by WoS, a GIS software (QGIS), and a specific software for biblio-
metric mapping, VOSviewer. The results highlight that the topic has received increasing
attention in the last two decades. As a matter of fact, we observed a constant and expo-
nential increase in the number of papers and citations since 2000. Such an increase can be
partly ascribed to: (i) the growing availability of high-resolution DEMs and remote sensing
images; (ii) automatic tools or algorithms of landscape classification and the analysis of
land-use changes.

Our results also suggest that the research topic is multidisciplinary, ranging from
different disciplines such as Environmental Sciences, Earth Sciences, and Ecology, and it is
mainly conducted by Chinese, European, and North American research groups. Moreover,
on the basis of the statistical analysis of keyword occurrences, it is possible to reconstruct
the following main research patterns:

e  The literature concerning climate change and the different aspects connected to it,
such as the changes in vegetation and soil, grows in particular in the second decade.
In spite of this, in the twenty years considered here, we observe the largest pattern in
keywords and the highest number of citations;

e  The more representative disciplinary areas are urban and territorial planning and
ecology. There are two bigger keyword clusters, respectively, headed by land-use
changes and biodiversity, conservation and patterns. Additionally, this area shows an
increase in occurrences in all the analyzed periods;
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e A third interesting research pattern shows that the two previously cited fields (i.e.,
urban and territorial planning and ecology) are not considered only as two separated
sectors, but there is a correct trial to integrate them with management, impact estima-
tion, and, most of all, with the diffusion of ecosystem services. Such a trend can be
mainly observed in recent years;

e  Analysis of the frequency distribution of keywords and their temporal trend seems to
reveal a modification in the research focus: in particular, the prevalence of keywords
such as “Remote Sensing”, GIS, and “Land Use” in the early 20th century suggests
a methodological approach mainly based on visual inspection or basic GIS analysis
of DEMs and satellite images. The spreading of terms such as “classification” or
“simulation” and the appearance of keywords such as “cellular automation”, “artificial
neural network”, or “random forest” indicate a clear modification of the research
methods, which evolve toward computer-based automation or unsupervised detection
of landscape patterns and changes;

e Considering the availability of algorithms and tools useful for fast and accurate
analysis of landscape changes in larger areas, we argue that the disciplines/research
fields such as geomorphology and the digital reconstruction of historical landscapes
could have a relevant growth in the next few years. For example, similar topics can
benefit from the growing availability of landscape evolution models [25,55,56] and
tools for the visual analysis and reconstruction of historical landscapes [57,58].

To achieve a deeper understanding of the research trend, each map in a wide research
field such as s.a.l.c. would request a widening of the analysis and the reading of results in
the different clusters and thematic areas identified. This would provide enough material
for many other future studies in order to identify an internal state of the art and trends of
those subsectors.
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