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Abstract: The presence of trees brings several health benefits to urban populations. However, wind
damage is an important cause of falling trees, causing considerable damages. This study involved a
bibliometric review on the use of Internet of Things technologies for monitoring trees. A research
protocol was designed and implemented, involving a thorough search of the Scopus database.
After applying the exclusion criteria and content filters, the abstracts and titles of the resulting
313 documents were analyzed. Two analyses were performed; (i) an analysis of the evolution of the
area based on the study metadata; (ii) a cluster analysis of the words present in the abstracts and titles
of the identified documents. The first analysis showed: (i) the current growth of this area of research;
(ii) that the most important fields of study were agricultural, biological, environmental, and terrestrial
and planetary sciences; (iii) that the most relevant journal was Ecology and Forest Management. The
second analysis resulted in the identification of three clusters: (i) wind impact; (ii) variables and
experiments; (iii) forest management. The main gap observed was that few studies have used IoT
technologies as tools for preventive or corrective actions related to wind and storm impacts on trees
and forests.
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1. Introduction

There are several advantages to the afforestation of cities. Some of those advantages
are: (i) reductions of more than 90% in terms of sun incidence, consequently reducing
temperature and light exposure [1]; (ii) absorption of carbon dioxide [2]; (iii) filtration of
particulate matter (which may cause lung diseases) [2]; (iv) oxygen release [2]. These aspects
help to improve a city’s air quality. Inadequate maintenance of urban trees can result in
trees falling, damaging property and people [3], both in rural and urban areas [4]. In urban
areas, fallen trees can bring the urban infrastructure to a standstill, limiting the access and
use of buildings, streets, pipelines, and public transportation, among others, and can expose
lives and properties to several risks [3,5]. The monitoring of trees using Internet of Things
(IoT) technologies can assist in analyzing and predicting the risk of falling trees in urban
environments, making it possible to collect and store useful data in real time using wireless
sensor networks [6]. The concept of IoT can be described as the combination of sensors,
actuators, and network devices in a unique relationship and environment. These objects are
considered intelligent and can store and transmit essential information to improve decision-
making [7]. IoT technologies allow the connection between intelligent objects and people,
collecting and transmitting information anywhere, anytime, and through any medium [8].
This study aims to conduct a bibliometric review on the use of IoT technologies to monitor
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the impacts of wind on trees and forests. The main studies, keywords, journals, and events
will be identified. We will also identify and describe the main keyword clusters and how
they are associated in the relevant knowledge domains.

2. Methodology

This article uses the bibliometric review methodology [9], following the study by
Silva [10]. The methodology used was composed of six steps: (1) Keyword identification,
based on an in-depth literature review and the study by [11]. The keywords used were:
trees, forest, wind, windthrow, windstorms, drag, IoT, accelerometer, and anemometer.
(2) Database selection and research strategy, using the Scopus database [12]. (3) Definition
of the research protocol and exclusion criteria. The following filters were used: language
(English), subject areas (agriculture, among others), and period (2010 to 2020). (4) Evalua-
tion of the resulting works, based on the titles, keywords, and abstracts. (5) Quantitative
analysis and identification of the most important works, events, journals, and the evolution
of the use of IoT for the monitoring of trees and forests. (6) Clustering and data visualiza-
tion, identifying the main keywords in each cluster. For the cluster analysis, we used the
VosViewer software [13].

3. Results and Discussions

Before the application of the exclusion criteria and filters, the keywords search resulted
in 1031 documents. Then, the content filters were applied, resulting in 440 documents.
The exclusion criteria were then applied to eliminate non-relevant papers, resulting in
313 documents. These were then analyzed. Figure 1 illustrates the growth in the number of
published studies throughout the years in this final dataset.
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It can be observed in Figure 1 that the number of relevant published studies has in-
creased considerably since 2015. This demonstrates an increasing interest by the academic
community in studying the impacts of wind on trees and forests. The institutions, founda-
tions, and countries with the most cited documents were from developed nations, such as
the United States and countries in the European Union. Two areas of study prevailed in
the surveyed documents, namely agricultural and biological sciences and environmental
science, both linked to the rural and urban environments. Based on the analysis of the main
sources of the studies in the final dataset, it is important to note that: (i) journals presented
a considerably higher number of citations; (ii) the most relevant journal was Forest Ecology
and Management; (iii) the most relevant conference was the 6th Intl Conf. on Internet of
Things: Systems, Mgmt., and Security (IOTSMS). These observations are essential for
researchers, pointing out relevant journals and conferences that should be considered
for identifying or publishing research in the researched domain. A cluster analysis was
then conducted. The following hyperparameters were considered: (i) the clustering was
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conducted on the titles and abstracts of the relevant works; (ii) only words that appeared
more than fifteen times in the text corpus were considered. These hyperparameters were
selected based on a series of experiments with different values and configurations. The
final cluster analysis identified 37 keywords, divided into three clusters. Figure 2 illustrates
the clusters identified and their related keywords. In the three clusters, the researchers
were looking for ways to identify and reduce the damage caused by wind in the trees and
forests, focusing on the rural environment.
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The first cluster was called "wind impact". This cluster represented (i) the impacts
of wind and storms on forests and trees and (ii) how the wind, in its various forms, leads
to tree rupture. This cluster’s main keywords are shown in Figure 2. The majority of the
studies were related to the rural environment. The second cluster was called "variables
and experiments". This cluster represented several experiments carried out in the field and
laboratories to estimate the impacts of wind and storms on trees and forests. Additionally,
it also considered the modeling of tree species and their behavior when impacted by
wind and storms. Its main keywords are shown in Figure 2. The third cluster was called
"Forest management". It was related to the different strategies and methodologies used for
managing the damage caused by wind and storms in forests. Therefore, its focus was on
dealing with the events after they have happened, mitigating their impacts. Additionally,
a number of papers dealt with risk analysis, using this approach to evaluate tree rupture
problems. The main keywords are shown in Figure 2.

It is vital to note that we found few studies in cities and urban environments. However,
the results obtained for rural environments and the models used for monitoring the impacts
using IoT technologies could be adapted to the urban environments. Nevertheless, this
would demand an assessment of the different models and technology. The study by [14] is
one of the most relevant ones related to the use of the IoT paradigm and its technologies for
monitoring trees and forests, focusing on the detection of forest fires. However, it can also
be adapted to monitor the impacts of wind and storms on forests. The main limitations
observed in the present study were: (i) the lack of studies considering trees and forests
typical of the southern hemisphere; (ii) the lack of studies using IoT technologies to monitor
the impacts of wind and storms on trees and forests.

4. Conclusions and Future Works

There are numerous benefits to having trees and forests in urban and rural areas. How-
ever, the impacts of inadequate maintenance may lead to trees falling, causing enormous
asset and personal damages. In order to tackle this issue, the main studies in the literature



Eng. Proc. 2021, 9, 16 4 of 4

that used IoT technology to monitor trees in urban and rural areas were identified in this
study. It was observed that the number of relevant studies has been increasing considerably
since 2015, showing the relevance of the topic. The cluster analysis showed that three main
clusters exist, related to: (i) wind impacts; (ii) experimentation in laboratories and fields;
(ii) forest management, considering risk mitigation and analysis. These were analyzed, as
well as their main keywords. It was observed that most studies have focused on developed
countries’ species and rural environments. Additionally, only a few studies have used
the IoT paradigm and the related technologies to deal with this problem. Future studies
should: (i) consider the impacts of wind and storms on trees and forests typical of the
southern hemisphere; (ii) adapt the current monitoring methodologies and models for the
urban environment; (iii) explore the use of IoT technologies to monitor the impacts of wind
and storms on trees and forests in real time.
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