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TRA remains a subject of ongoing exploration and 
research. The main concern is the feasibility of using 
UAVs for TRA. A number of variables, such as post-
processing complexity, diverse landscapes, and sen-
sor capabilities, can affect their applicability. These 
variables vary greatly between nations, areas, users, 
and particular applications. Undertaking a systematic 
quantitative literature review holds substantial merit 
as it serves to concisely delineate the existing body of 
knowledge on UAV applications in TRA, thereby 
providing valuable guidance for future research 
endeavors.

To gain insight into the current state of UAV inte-
gration within TRA knowledge, this paper conducted 
a comprehensive review of the literature published on 
Scopus (Elsevier, Amsterdam, Netherlands). The 
PRISMA reporting framework, which highlights key 
steps such as data identification, evaluation, exclusion, 

INTRODUCTION
Tree Risk Assessment (TRA) has gained attention for 
its ability to mitigate risks, thereby prolonging a tree’s 
health, safety, and useful life. A standardized proce-
dure for assessing tree risk has been developed, 
encompassing a systematic process for identifying, 
analyzing, and determining tree risks. The most 
comprehensive and authoritative reference on this 
topic can be found in the “Tree Risk Assessment 
Manual,“ published by the International Society for 
Arboriculture (Dunster et al. 2017). The evolution of 
TRA involves a systematic analysis that includes the 
development of probing tools and detection methods 
to overcome the limitations of visual inspections (Li 
et al. 2022). However, there is a noticeable lack of com-
prehensive data regarding the application of Unmanned 
Aerial Vehicle (UAV) technology in the field of TRA. 
The extent to which UAV technology can enhance 

Abstract. Tree Risk Assessment (TRA) is a detailed tree risk management protocol evaluating both structural soundness and potential fail-
ure probabilities, resulting in a comprehensive hazard classification. The accuracy of TRA heavily depends on the proficiency of individual 
assessors, whose educational backgrounds, personal inclinations, and risk perspectives vary. This variability affects the perceived level of 
tree hazard and its implications. Hence, there is a need for improved assessment methodologies, with Unmanned Aerial Vehicle (UAV) tech-
nology offering significant potential in this context. A rigorous quantitative literature review of 27 peer-reviewed articles was conducted 
using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) methodology to determine the current status of 
UAV integration in TRA. This review documented temporal publication patterns and geographical and geological research details, present-
ing them alongside specific research focuses. The review concluded that research in this field is still nascent, with most studies emerging 
from China, the United States, and Iran. Research was predominantly conducted in mildly temperate climates, often in traditional research 
article formats. The primary focus areas included plant stress and plant pest/disease content, with some attention to plant threats, 3D tree 
modeling, ecosystem degradation, plant characteristics, and inaccessible zones. Thermal, multispectral, and LiDAR-equipped UAVs can 
identify issues fast, allowing for quicker resolution and lower costs. Identified knowledge gaps necessitating future research include (1) 
unclear terminology and a narrow understanding of UAV applications in TRA; and (2) a scarcity of research in warmer climate regions like 
South Africa and South America, which are equally valuable for study. 
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aircraft operated without a human pilot on board, and 
their applications span a wide range of fields, includ-
ing agriculture, environmental monitoring, infrastruc-
ture inspection, search and rescue, and filmmaking, 
among others. Equipped with advanced sensors and 
cameras, UAVs can capture high-resolution imagery, 
thermal data, and even LiDAR scans, enabling pre-
cise data acquisition from vantage points that were 
previously inaccessible or cost-prohibitive (Feng and 
Li 2019). This technology has not only increased 
operational efficiency but also reduced human risk in 
hazardous environments (Kas and Johnson 2019). 
Moreover, Zhang et al. (2018) explained UAVs are 
invaluable in disaster response and management, as 
they provide real-time situational awareness and aid 
in rapid assessment. As UAV technology continues to 
evolve and become more affordable, its potential for 
transformative applications across various sectors is 
only expanding, promising a future where aerial data 
collection is more accessible and effective than ever 
before.

MATERIALS AND METHODS
This systematic quantitative literature review adheres 
to a methodology endorsed by several notable authors, 
including Mariani et al. (2023), Parker and de Baro 
(2019), and Song et al. (2018), while also following 
the guidelines outlined in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines by Page et al. (2021). For addi-
tional details regarding our approach, supplementary 
information is available at https://prisma-statement.
org. By systematically searching and classifying per-
tinent data, these evaluations provide reliable and 
credible assessments of the current status of a research 
issue. Furthermore, the process for identifying, 
selecting, and classifying articles is described in full, 
which lowers the risk of bias in some narrative style 
evaluations.

In October 2023, a comprehensive literature search 
was conducted, utilizing a vast repository of over 
2,000 Scopus databases. This search aimed to iden-
tify articles that featured the precise and exclusive 
term ‘Unmanned Aerial Vehicle in tree risk assess-
ment’ within their content, without imposing any 
restrictions based on the publication year. UAVs are a 
useful tool in forestry and agriculture for plant moni-
toring, which includes identifying nutritional deficits, 
infections, and crown defoliation. The study risk of 

and inclusion, is presented. This is a suggested report-
ing element for reviews and meta-analyses. Derived 
from these reviews, the focus centers predominantly 
on pertinent UAV attributes for TRA, with the aim of 
delivering findings that are both practically valuable 
and scientifically intriguing, ultimately enhancing 
tree risk management practices. The paper initiates 
by providing brief definitions of TRA practice and 
UAV technology. Following this, a thorough explana-
tion of the research methods employed is presented. 
The paper then proceeds to expound upon the find-
ings derived from the systematic review, offering an 
in-depth discussion. Finally, the paper concludes with 
valuable recommendations for guiding future research 
endeavors.

TREE RISK ASSESSMENT (TRA) PRACTICE 
AND UNMANNED AERIAL VEHICLE (UAV) 

TECHNOLOGY
Tree Risk Assessment (TRA) practice is an essential 
aspect of arboriculture and urban forestry manage-
ment, serving to ensure the safety of people and 
property in environments where trees are present. 
TRA involves a systematic evaluation of individual 
trees or groups of trees to determine their potential 
risk factors and hazards (Li et al. 2022). Arborists 
and tree care professionals utilize TRA to identify 
trees with structural defects, diseases, or environmen-
tal stressors that could lead to failure and pose a 
threat to safety. This assessment process often 
includes visual inspections, diagnostic tests, and con-
sideration of environmental conditions and tree health 
indicators (Koeser and Smiley 2017). Pradipta et al. 
(2018) explained effective TRA practice not only aids 
in preventing accidents and property damage but also 
supports informed decisions regarding tree mainte-
nance, preservation, or removal. It plays a crucial role 
in maintaining the delicate balance between conserv-
ing valuable trees and mitigating potential risks, con-
tributing to the overall health and safety of communities 
and the sustainable management of urban and natural 
tree populations. Traditional manual TRA procedures 
are laborious, costly, and prone to human error. UAVs 
present a promising substitute.

Unmanned Aerial Vehicle (UAV) technology, also 
commonly known as drones, has revolutionized var-
ious industries by offering a versatile platform for 
aerial data collection, surveillance, and remote sens-
ing. Stewart and Martin (2021) described UAVs as 
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Microsoft Excel (Microsoft, Redmond, WA, USA), is 
presented below. The collected metadata was orga-
nized into 4 distinct dataset categories: article 
descriptors (Table 1), geographical data (Table 2), 
article types (Table 3), and focus areas (Table 4). 
Abstracts were individually entered and assessed, 
with a comprehensive list of data markers, data col-
lection techniques, and an explanation of their pur-
poses provided in Tables 1 to 4.

The descriptors for the articles in Table 1 are rela-
tively uncomplicated; we obtained information from 
the individual articles and promptly entered it into the 
Microsoft Excel workbook. The geographical data in 
Table 2 relied on information provided by the article 
authors. In cases where the information was unavail-
able or unspecified, we denoted this with the codes 
NA (Not Applicable) and NS (Not Specified). Con-
cerning geographic data, countries and cities were 
entered as text when the information was available, 
facilitating clustering analysis. Additionally, climate 
classification was conducted using the Köppen cli-
mate classification model (Kottek et al. 2006). Simi-
larly, in cases where information was lacking to 
confirm a climate band, we denoted this with the codes 
NA (Not Applicable) and NS (Not Specified). Article 

bias evaluation in TRA review of UAV studies is ana-
lyzing each study’s design and methods to find any 
potential biases that can compromise the validity of 
the results. To make sure that the conclusions reached 
are credible, the risk of bias in studies is then exam-
ined to ascertain how these biases can affect the over-
all validity and reliability of the findings. Lastly, the 
evaluation method looks at reporting biases, search-
ing for any selective reporting or findings omission 
that can distort how the evidence on UAV applica-
tions in TRA is interpreted. This all-encompassing 
strategy guarantees a careful and objective assess-
ment of the available research. Articles covering this 
context were therefore chosen for review even though 
they don’t look at tree risk assessment. In accordance 
with the PRISMA methodology, a total of 27 articles 
were deemed eligible for inclusion in this review. The 
PRISMA flowchart, represented as Figure 1, pro-
vides additional insight into the meticulous inclusion 
and exclusion criteria applied during the selection 
process.

Metadata
The metadata, meticulously gathered from the analy-
sis of 27 articles and meticulously transcribed into 

Figure 1. The systematic literature review follows the Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines, ensuring 
a standardized and comprehensive approach to reporting and evaluating the included studies.
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Table 1. Descriptors for the articles.

Data marker Data type Description

Article ID  Numeric Identification numbers, ranging from 1 to 27, were assigned to facilitate the 
cataloging of research throughout the review process.

Authors  Text Authors’ names as listed in the article.

Year  Date Year of publication.

Title  Text Title of article.

Journal title  Text Journal title of publication.

Volume/issue/pages  Numeric Article’s volume, issue, and page numbers as listed in the publication.

Table 2. Geographical data for the articles. NA (not applicable); NS (not specified).

Data marker Data type Description

Location for macro publication  Categorical
1 = Malaysia

2 = International (countries other than Malaysia)
3 = Global (having a wide-ranging focus that doesn’t specify particular countries)

Country  Text The country of publication as indicated in the article.

Region/state  Text
Publication region/state as it appeared in the article.

NA = Not applicable
NS = Not specified

City/town  Text
The city or town of publication as mentioned in the article.

NA = Not applicable
NS = Not specified

Climate category  Categorical

1 = Equatorial
2 = Arid

3 = Mediterranean
4 = Temperate

5 = Snow
6 = Polar

NA = Not applicable
NS = Not specified

Table 3. Article type.

Article type Data type Description

Review article  Categorical 1 = Yes
0 = No

Research article  Categorical 1 = Yes
0 = No

Case study  Categorical 1 = Yes
0 = No
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RESULTS
Research Effort
As detailed in the methods section, an electronic lit-
erature search was conducted in October 2023. Follow-
ing the screening and eligibility assessment phases, a 
total of 27 articles were found to meet the criteria and 
were consequently included in this review. The anal-
ysis of these articles revealed the emergence of sev-
eral trends, prompting further investigation.

Concerning ‘UAV and TRA’ the study reveals a 
notable evolution in research efforts and changes in 
publication rates. The majority of articles focus on 
the identification of deterioration and deficiencies in 
trees, which is in line with TRA’s objectives, even 
though they do not explicitly address the scope of 
TRA, which includes the supervision of forests and 
agricultural crops. The search methodology employed 
did not impose any restrictions on publication years, 
with the earliest article dating back to 2016. During 
the period from 2016 to 2021, the annual publication 
rates remained relatively modest, with no year sur-
passing 3 publications. However, in 2022, there was a 
noticeable increase in annual publication rates, and 
this trend continued with 14 publications in 2023. For 
a visual representation of these findings, please refer to 
Figure 2 below, which illustrates both the annual pub-
lication rates and the cumulative total of publications.

types in Table 3 were classified into 3 primary cate-
gories: review articles, research articles, and/or case 
studies. Articles that fell into multiple categories were 
appropriately documented. The focus areas outlined 
in Table 4 were identified within the articles and cate-
gorized into 8 possible groups: Plant Pest and Diseases, 
Plant Stress, Plant Threats, 3D Tree Modeling, Eco-
system Degradation, Plant Characteristics, Unreach-
able Zone, and Other. Articles covering multiple focus 
areas were appropriately documented.

Data Analyses
This review utilized a variety of techniques for ana-
lyzing the collected data from the articles, including 
visual, graphical, and numerical methods. Figures 
presenting data proportions were accompanied by 
95% confidence error bars to aid in assessing result 
variations. Given that all sample sizes exceeded the 
minimum threshold of 10, nonoverlapping error bars 
or overlapping by less than half of the total error bar 
length were considered as evidence of a statistically 
significant difference between data points. Addition-
ally, a Chi-Squared test (χ²) was employed to assess 
the goodness of fit for all proportion data sets as a 
secondary measure. Lastly, Pearson’s Coefficient of 
Correlation was applied to analyze binary data, and 
the significance of all correlations was confirmed 
using the t-Test.

Table 4. Focus areas for the articles.

Focus areas Data type Description

Plant pest and diseases Categorical 1 = Yes
0 = No

Plant stress  Categorical 1 = Yes
0 = No

Plant threats  Categorical 1 = Yes
0 = No

3D tree modeling  Categorical 1 = Yes
0 = No

Ecosystem degradation  Categorical 1 = Yes
0 = No

Plant characteristics  Categorical 1 = Yes
0 = No

Unreachable zone  Categorical 1 = Yes
0 = No

Other  Categorical 1 = Yes
0 = No
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P = 8.89E–10) when classified by climate zones using 
the Köppen system (Kottek et al. 2006). Less than 
10% of the research originated from other categories, 
with the majority (75%) coming from mild temperate 
zones.

Figure 3 displays the data regarding publication 
rates within climate categories, illustrating the rela-
tionships between these categories and including 
error bars that represent the ± 95% confidence inter-
vals for the analyzed articles (n = 27).

Categorization of Articles
Articles were categorized into one or more of the fol-
lowing types: review article, research article, and 
case study. There is a statistically significant differ-
ence (χ2 = 2.33; P < 0.31; df = 2) in the reporting 
approaches among these 3 categories (Figure 4). The 

The review process, after screening and eligibility 
checks, encompassed 27 articles sourced from a total 
of 16 distinct journals. Out of the 27 articles, the top 3 
frequently appearing journals, namely Remote Sens-
ing (6 articles), Forests (4 articles), and Drones (3 
articles), collectively accounted for 48.1% of the total 
(n = 13).

Geographical Research Distribution
Research efforts were focused in China, which 
accounted for 30% of the publications, followed by 
the United States and Iran, each with 10% of the pub-
lications, according to data from 20 peer-reviewed 
studies. There were 7 articles lacking a location, while 
10 featured co-authors who were researchers from 
different nations. The publication rates across climatic 
categories showed a significant difference (χ² = 48.13; 
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Figure 2. The annual publication rates of articles incorporating ‘Unmanned Aerial Vehicles in tree risk assessment’ without any restrictions 
on publication years (n = 27).

Figure 3. Reporting the publication rates of climate categories, including the ± 95% confidence intervals for the proportions.
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d)	 3D Tree Modeling = 4
e)	 Ecosystem Degradation = 5
f)	 Plant Characteristics = 6
g)	 Unreachable Zone = 7
h)	 Other = 8

The articles included in the review exhibited a 
wide range of focus areas, and it was determined that 
there was a significant statistical difference (χ2 = 22.98; 
P < 0.002; df = 7) in the recorded focus areas. The 
analyzed papers (totaling 27) predominantly empha-
sized 2 main focus areas: Plant Stress (with 10 papers, 
constituting 37.0%) and Plant Pest and Diseases aspects 
(with 6 papers, comprising 22.2%). The prevalence of 
5 key focus areas exhibits a balanced distribution in 
the literature. Specifically, Plant Characteristics takes 
the lead with 3 papers, constituting 11.1% of the 

majority of articles (n = 12; 44.4%) were classified as 
research articles. Review articles (n = 7; 26.0%) and 
case studies (n = 8; 29.6%) were also prevalent.

Article Focus Areas
In a manner similar to the categorization of articles, 
the focus area(s) were noted for each article. The 
nominated categories were Plant Pest and Diseases, 
Plant Stress, Plant Threats, 3D Tree Modeling, Eco-
system Degradation, Plant Characteristics, Unreach-
able Zone, and Other as illustrated in Figure 5.

To simplify reporting, each focus area was given a 
numerical designation:

a)	 Plant Pest and Diseases = 1
b)	 Plant Stress = 2
c)	 Plant Threats = 3

Figure 4. Reporting the publication rates, along with ± 95% confidence intervals, for the proportions of article types within categories.

Figure 5. Reporting the rates of focus area distribution among publications, including ± 95% confidence intervals for the proportions.
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publication rates for ‘UAV in TRA’ have been steadily 
increasing, especially in the past 3 years. If this 
upward trend in research interest and publication 
continues, it is assumed to contribute to a better 
understanding and stronger foundation for UAV in 
TRA research and implementation. This, in turn, 
may enhance the perceived value and adoption of 
UAV in TRA. Monitoring future temporal trends 
will be necessary to make definitive claims about the 
sustained progress in this field.

Yazicioglu and Borat (2020) have proposed the 
importance of taking into account the various inter-
changeable terminologies associated with UAV in 
TRA in different contexts, as well as the deliberate 
nuances in how the term is used. This caution is nec-
essary to ensure that genuine research efforts are not 
obscured. This notion could help explain the rela-
tively low number of UAV in TRA related publica-
tions. Additionally, our search methodology required 
that the term ‘Unmanned Aerial Vehicle and Tree 
Risk Assessment’ be explicitly mentioned in the arti-
cle’s title for inclusion in the review. This criterion 
might imply that there could be a larger body of 
research, along with potentially different publication 
rates and trends, related to UAV in TRA that did not 
explicitly feature the term ‘Unmanned Aerial Vehicle 
and Tree Risk Assessment’ in their titles.

As detailed in the Results section, the 27 articles 
included in this review were sourced from a diverse 
range of journals (totaling 16), with slightly over half 
originating from just 3 specific journals. These top 3 
journals were Remote Sensing (with 6 articles and an 
impact factor of 4.2 [2023]), Forests (with 4 articles 
and an impact factor of 2.4 [2023]), and Drones (with 

research. Following closely are considerations related 
to Plant Threats, with 2 papers making up 7.4%, and 
3D Tree Modeling, also represented by 2 papers and 
accounting for 7.4%. Ecosystem Degradation and the 
Unreachable Zone each contribute significantly, with 
one paper each, making up 3.7% of the scholarly dis-
course in both cases. The category labeled as ‘Other’ 
had a prevalence of 2 (7.4%).

Analysis of Trends in Focus Areas
Apart from the specified focus areas discussed in the 
section Categorization of Articles above, we conducted 
an analysis to uncover underlying trends within these 
focus area records (Table 5). We delved into the pos-
sibility of elevated correlations arising from double 
negatives being treated similarly to double positives 
in the Discussion section. We identified 6 correla-
tions between focus areas that were statistically sig-
nificant (with a P-value of < 0.005) and confirmed 
through t-test analysis: Plant Threats and Plant Pest/
Diseases (P = 0.943); Plant Threats and Plant Stress 
(P = 0.980); 3D Tree Modeling and Plant Pest/Dis-
eases (P = 0.943); 3D Tree Modeling and Plant Stress 
(P = 0.980); Plant Characteristics and Plant Pest/Dis-
eases (P = 0.943); and Plant Characteristics and Plant 
Stress (P = 0.980).

DISCUSSION
Research Effort
The first article containing ‘UAV in TRA’ in the elec-
tronic database search, with no restrictions on publi-
cation year, was found in 2016. Since then, the rate of 
publications related to ‘UAV in TRA’ has been rela-
tively modest. However, there are indications that 
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Table 5. Correlation coefficients used to assess trends among the article focus areas within the testing group.

  Plant pest/
diseases Plant stress Plant 

threats
3D tree 

modeling
Ecosystem 

degradation
Plant 

characteristics
Unreachable 

zone
Plant pest and diseases  1.000

Plant stress  0.963 1.000

Plant threats  0.943 0.980 1.000

3D tree modeling  0.943 0.980 1.000 1.000

Ecosystem degradation  –0.343 –0.356 –0.250 –0.250 1.000

Plant characteristics  0.943 0.980 1.000 1.000 –0.250 1.000

Unreachable zone  –0.343 –0.134 –0.250 –0.250 –0.250 –0.250 1.000
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offering creative ways to identify and attend to the 
unique requirements of trees under these harsh cir-
cumstances. Lin et al. (2023) showed that in less than 
half a working day, a UAV fitted with an integrated 
camera with 6 imaging sensors (1600 × 1300 pixels) 
mounted on a Phantom 4 Multispectral (P4M)(DJI, 
Shenzhen, China) could gather data on the height of 
796 trees over an area of about 6.5 hectares. Conven-
tional methods cannot achieve this level of efficiency 
and coverage.

Moreover, the technology found in UAVs can solve 
the problem of restricted access that conventional 
tree assessments face, which arises from extreme cli-
mates like extremely high or low temperatures and 
risky to high wind speed. Weather-resistant UAVs, 
like the DJI M200 series, offer better flight perfor-
mance than regular UAVs, as Gao et al. (2021) and 
Kumar et al. (2021) point out. In order to prevent 
compass calibration errors, these cutting-edge UAVs 
have built-in Wi-Fi chips that guarantee continuous 
connectivity in all weather conditions, including rain, 
snow, and strong winds. They also have self-heating 
batteries that allow them to operate in cold weather. 
Kulhavy et al. (2016) provided evidence to support 
this claim, showing that the weather-resistant Parrot 
AR.Drone 2.0 (Parrot, Paris, France) functions well 
in TRA context. In order to match the limits of human 
capacity, UAVs are therefore widely researched and 
used in mildly temperate regions.

Article Type
Research is conducted and published for various rea-
sons and serves multiple purposes. In this review, 3 
primary types of articles that are considered highly 
relevant due to their capacity to provide insight into 
research trends are identified and explained as follows:

1.	A review article is an article created with the 
purpose of thoroughly evaluating the existing 
body of literature within a particular field or 
according to predetermined search criteria. 
Such articles are typically presented in the for-
mat of literature reviews, systematic reviews, 
or meta-analyses.

2.	A case study is an article that centers on a par-
ticular location or subject. Typically, these arti-
cles offer newly discovered data regarding the 
specific case study topic.

3.	A research article is sometimes called an origi-
nal research article and typically entails the 

3 articles and an impact factor of 4.4 [2023]). The 
PRISMA-based search approach showed that there 
were very few studies on UAVs in TRA. Despite the 
small number of reviewed studies, their thoroughness, 
breadth, and quality offer a solid basis for producing 
insightful findings. The analysis might prioritize 
quality over quantity by concentrating on a small 
number of studies, guaranteeing a thorough investi-
gation of the techniques used. In certain situations, 
such as UAV technology, where the available research 
may still be in its infancy, this method works very 
well. Additionally, a more nuanced knowledge of 
how UAV technology contributes to improved evalu-
ation methodologies is made possible by a smaller 
dataset, which offers insights that are directly related 
to the goals of the study. This strongly underscores 
the prevalence of technology and the environmental 
perspective within these publications. Furthermore, 
it implies that although UAV in TRA research inter-
sects with various disciplines, judging by publication 
discipline and journal selection, it is most promi-
nently associated with the environmental field. The 
extensive variety of journals that have published arti-
cles featuring ‘UAV and TRA’ in their titles confirms 
that UAV in TRA research has a broad scope and 
likely carries far-reaching research implications.

Distribution of Research
Excluding publications that lacked information on 
their country of origin and those with authors from 
multiple countries, we conducted an analysis of the 
location (city and country) of publication and its asso-
ciated climate information. The primary countries 
with significant publication activity included China, 
the United States, and Iran. It came as no surprise 
that China led in terms of the number of publications 
(6). However, it was somewhat unexpected that Iran 
publication rates were tied for second place with the 
United States (2 each). Situated in the ‘Mild Temper-
ate’ zone, these nations share distinct climatic condi-
tions, including extremes in temperature, heat waves, 
droughts, and aridity. Roussos (2024) claims that when 
compared to trees in other climates, these areas pres-
ent more substantial growth challenges for trees. This 
situation emphasizes how urgently innovative 
approaches and instruments are needed to manage 
and lessen the harmful effects of these extreme envi-
ronmental conditions on tree health. As a result, UAV 
technology emerges as a particularly viable option, 
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in order to achieve efficient plant management in 
TRA settings. The focus on UAV applications in TRA, 
in summary, is in line with anticipated priorities and 
emphasizes the need for cutting edge methods in risk 
management and plant health monitoring.

Correlations Among Article Focus Areas
Plant threats, plant stress, plant characteristics, and 
plant pests and diseases are the focus areas that are 
correlated. These relationships highlight important 
areas for future research and practical applications in 
urban tree management, especially when paired with 
the capabilities of UAVs. The potential for improved 
monitoring, detection, and data collection becomes 
clear when UAV technology is incorporated into these 
focus areas. UAVs can offer vital information about 
the health, structural integrity, and environmental 
conditions of trees by taking high-resolution photos 
and data, which can be utilized in the context of TRA.

Pests and diseases are examples of plant threats 
that frequently occur in tandem with increased plant 
stress, which shows up as observable alterations in 
plant characteristics. With their sophisticated sen-
sors, UAVs are able to keep a close eye on these alter-
ations and spot stress markers such as shifted leaf 
color, decreased growth, and modifications to the 
canopy’s structure. Plant stress and threats have a lin-
ear relationship, which means that cities can use UAVs 
to quickly assess large regions, gather real-time data, 
and help mitigate threats through early detection to 
prioritize areas of concern.

Understanding plant dynamics and managing 
stresses, pests, and diseases require the use of 3D tree 
modeling. UAVs can help with the monitoring and 
analysis of these factors by producing intricate 3D 
models of plant structures. Researchers and urban 
areas can identify minute alterations in the structure 
and health of plants by employing UAVs to create 
accurate models, which could stop the spread of pests 
and diseases.

Particularly when plants are subjected to stress or 
pest invasions, traits like growth habits and leaf 
structure are important markers of a plant’s health. 
UAVs equipped with multispectral imaging sensors 
and high-resolution cameras can effectively monitor 
these properties over an extended period of time. The 
ability to detect changes brought on by illness or 
stress early on thanks to this real-time data collection 
presents chances for focused interventions.

investigation of a research question, hypothe-
sis, or objective.

Various academic fields may exhibit varying pat-
terns in the proportions of article types they publish. 
These patterns can be influenced by factors like the 
research field’s focus, the prevailing demand for spe-
cific article types, and the stage of development of the 
research area.

In this review, as indicated by the results, a sub-
stantial majority of articles were categorized as 
Research Articles. This could be considered an appro-
priate reflection of a developing field. In the context 
of a relatively new and emerging area of research, a 
notable proportion of articles primarily focused on, 
or at least incorporated, some form of review. This 
can be attributed in part to the comprehensive nature 
of the concept, as well as the ongoing efforts to define 
it and its various facets in the broader context of the 
UAV in TRA concept.

Article Focus Areas
The articles under review mainly focused on plant stress 
and plant pests/diseases as the 2 main areas of UAV 
applications in precision TRA. In addition to promot-
ing new methods to improve plant health management 
and lower risks, authors addressing plant stress con-
centrated on enhancing current UAV guidelines or 
frameworks. Monitoring, analysis, and early disease 
detection are critical functions of a number of sensor 
technologies, such as RGB cameras, LiDAR sensors, 
and multispectral and hyperspectral sensors (Dash et 
al. 2018; Zhang et al. 2023). Notably, digital elevation 
model data was provided by LiDAR and hyperspectral 
sensors during the preprocessing of hyperspectral 
data (Kouadio et al. 2023). The information obtained 
from both RGB and hyperspectral sensors was then 
used to identify the symptoms of plant diseases.

Furthermore, UAV Low-Altitude Remote Sensing 
(UAV-LARS) is advised since TRA entails thorough 
evaluations at the level of individual trees (Zhao et al. 
2023). When it comes to giving precise and accurate 
data for tree risk management, these technologies are 
essential. Their capacity to identify and evaluate pest 
and disease conditions as well as plant stress from low 
altitudes improves decision-making and intervention 
tactics, leading to more successful management results.

Ultimately, the emphasis of the reviewed articles 
highlights how crucial it is to continue developing 
UAV guidelines and investigating novel technologies 
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In this review, the majority of UAV in TRA 
research originated from China, the United States, 
and Iran, accounting for approximately 50% of the 
research output. Additionally, most of this research was 
conducted in cities falling within the ‘Mild Temper-
ate’ and ‘Dry’ climate classification band. This situa-
tion introduces a bias that restricts the generalizability 
of assumptions and insights on a global scale. This 
geographical bias is likely one of the most significant 
research gaps in the field, given that climate signifi-
cantly influences or exacerbates environmental chal-
lenges. It is advisable that researchers from South 
African and South American regions explore the 
applicability, relevance, and feasibility of UAV for TRA 
in their local contexts. Such research efforts could 
help bridge the gap in uneven geographical distribu-
tion and alleviate associated knowledge limitations.

Plant stress and disease problems are the main 
areas of interest for UAV research in TRA. Econom-
ically, plant stress and diseases are especially crucial 
since they can result in large losses because of the 
higher expenses associated with removing or mitigat-
ing dangerous trees. UAVs using cutting-edge sensors, 
such as thermal, multispectral, and LiDAR imaging, 
can assist in managing and identifying these issues, 
which lowers costs by allowing for prompt actions. 
The tree managers could all benefit from TRA 
research’s increased use of UAV technology, which 
could provide a more all-encompassing approach to 
tree risk management. Given that UAV in TRA rep-
resents an extensive network of assets, it is believed 
that a significant portion of its value has yet to be 
fully explored. It is hypothesized that in the collective 
effort to address growing environmental challenges, 
UAV in TRA could serve as a cost-effective solution 
across a wide array of applications.
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Gefährdung durch Bäume und deren Auswirkungen aus. Daher 
besteht ein Bedarf an verbesserten Beurteilungsmethoden, 
wobei die Technologie der unbemannten Luftfahrzeuge (UAV) 
in diesem Zusammenhang ein erhebliches Potenzial bietet. Um 
den aktuellen Stand der UAV-Integration in der TRA zu ermit-
teln, wurde eine strenge quantitative Literaturauswertung von 
27 von Experten begutachteten Artikeln unter Anwendung der 
PRISMA-Methodik (Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis) durchgeführt. In dieser Über-
sichtsarbeit wurden zeitliche Veröffentlichungsmuster sowie 
geografische und geologische Forschungsdetails dokumentiert 
und neben spezifischen Forschungsschwerpunkten dargestellt. 
Die Überprüfung ergab, dass die Forschung auf diesem Gebiet 
noch im Entstehen begriffen ist, wobei die meisten Studien aus 
China, den Vereinigten Staaten und dem Iran stammen. Die 
Forschung wurde überwiegend in mild-gemäßigten Klimazo-
nen durchgeführt, oft in Form von traditionellen Forschungsar-
tikeln. Zu den Hauptschwerpunkten gehörten Pflanzenstress 
und der Gehalt an Pflanzenschädlingen und -krankheiten, mit 
einem gewissen Augenmerk auf Pflanzenbedrohungen, 
3D-Baummodellierung, Schädigung von Ökosystemen, Pflan-
zenmerkmale und unzugängliche Gebiete. Mit Wärmebild-, 
Multispektral- und LiDAR-Drohnen ausgerüstete UAVs können 
Probleme schnell erkennen, was eine schnellere Lösung und 
geringere Kosten ermöglicht. Zu den festgestellten Wissenslü-
cken, die künftige Forschung erforderlich machen, gehören (1) 
eine unklare Terminologie und ein begrenztes Verständnis von 
UAV-Anwendungen in der TRA und (2) ein Mangel an For-
schung in wärmeren Klimaregionen wie Südafrika und Süd-
amerika, die für Studien ebenso wertvoll sind.

Resumen. La Evaluación de Riesgo de Árboles (TRA) es un 
protocolo detallado de gestión del riesgo de árboles que evalúa 
tanto la solidez estructural como las probabilidades de fallo, lo 
que resulta en una clasificación integral de riesgos. La precisión 
de la TRA depende en gran medida de la competencia de cada 
evaluador, cuya formación académica, inclinaciones personales 
y perspectivas de riesgo varían. Esta variabilidad afecta al nivel 
percibido de peligro de los árboles y sus implicaciones. Por lo 
tanto, existe la necesidad de mejorar las metodologías de evalu-
ación, y la tecnología de vehículos aéreos no tripulados (UAV) 
ofrece un potencial significativo en este contexto. Se realizó una 
rigurosa revisión bibliográfica cuantitativa de 27 artículos revis-
ados ​​por pares utilizando la metodología Elementos Preferen-
ciales de Reporte para Revisiones Sistemáticas y Meta-Análisis 
(PRISMA) para determinar el estado actual de la integración de 
UAV en la TRA. Esta revisión documentó los patrones tempora-
les de publicación y los detalles de la investigación geográfica y 
geológica, presentándolos junto con los enfoques de investi-
gación específicos. La revisión concluyó que la investigación en 
este campo aún es incipiente, y la mayoría de los estudios provi-
enen de China, Estados Unidos e Irán. La investigación se real-
izó predominantemente en climas templados suaves, a menudo 
en formatos de artículos de investigación tradicionales. Las 
áreas de enfoque principales incluyeron el estrés vegetal y el 
contenido de plagas/enfermedades, con especial atención a las 
amenazas vegetales, el modelado 3D de árboles, la degradación 
de ecosistemas, las características de las plantas y las zonas 
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Résumé. L’évaluation des risques liés aux arbres (ERA) est un 
protocole détaillé de gestion des risques associés aux arbres qui 
évalue à la fois la solidité de la structure et les probabilités d’une 
défaillance potentielle, permettant d’obtenir une classification 
détaillée des risques. La justesse de l’ERA dépend fortement de 
la compétence des évaluateurs individuels, dont la formation 
professionnelle, les opinions personnelles et l’anticipation des 
risques varient. Cette variabilité affecte la perception du niveau 
de dangerosité des arbres et ses implications. Il est donc néces-
saire d’améliorer les méthodes d’évaluation et la technologie des 
drones offre un potentiel significatif dans ce contexte. Une anal-
yse quantitative rigoureuse de 27 articles évalués par des pairs a 
été réalisée selon la méthodologie PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis) afin de 
déterminer l’état actuel de l’intégration des drones dans l’ERA. 
Cette revue a permis de documenter les schémas de publication 
temporels et les détails de recherche géographique et géologique 
puis de les présenter en parallèle avec des axes de recherche 
spécifiques. L’étude a conclu que la recherche dans ce domaine 
est encore embryonnaire, la plupart des études provenant de la 
Chine, des États-Unis et de l’Iran. Les recherches ont été princi-
palement menées dans des climats légèrement tempérés, souvent 
dans des formats d’articles de recherche traditionnels. Les prin-
cipaux axes d’intérêt sont le stress des végétaux ainsi que du 
contenu sur les parasites/maladies des plantes, les menaces aux 
végétaux, la modélisation des arbres en 3D, la dégradation des 
écosystèmes, les caractéristiques des plantes et les zones inac-
cessibles. Les drones thermiques, multispectraux et équipés de 
LiDAR peuvent identifier rapidement les problèmes, ce qui per-
met une résolution plus rapide à des coûts moindres. Les lacunes 
identifiées en matière de connaissances nécessitant des 
recherches ultérieures incluent (1) une terminologie peu claire et 
une compréhension étroite des applications de drones dans 
l’ERA; et (2) une pénurie de recherches pour les régions au cli-
mat plus chaud comme l’Afrique du Sud et l’Amérique du Sud, 
qui sont tout aussi précieuses pour la recherche.

Zusammenfassung. Die Baumrisikobewertung (Tree Risk 
Assessment, TRA) ist ein detailliertes Protokoll für das Risiko-
management von Bäumen, das sowohl die strukturelle Solidität 
als auch die potenzielle Ausfallwahrscheinlichkeit bewertet und 
zu einer umfassenden Gefährdungsklassifizierung führt. Die 
Genauigkeit der TRA hängt stark von den Fähigkeiten der ein-
zelnen Bewerter ab, deren Ausbildungshintergrund, persönliche 
Neigungen und Risikoperspektiven variieren. Diese Unter-
schiede wirken sich auf das wahrgenommene Ausmaß der 
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inaccesibles. Los UAV térmicos, multiespectrales y equipados 
con LiDAR pueden identificar problemas rápidamente, lo que 
permite una resolución más rápida y menores costos. Las lagu-
nas de conocimiento identificadas que requieren investigación 
futura incluyen (1) la terminología poco clara y una compren-
sión limitada de las aplicaciones de los UAV en la agricultura 
sostenible; y (2) la escasez de investigación en regiones de clima 
más cálido como Sudáfrica y Sudamérica, que son igualmente 
valiosas para el estudio.
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