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Abstract: The use of unmanned aerial vehicles (UAVs) in many fields of expertise has increased over 

recent years. As such, UAVs used for monitoring coastline changes are also becoming more frequent, 

more practical, and more effective, whether for conducting academic work or for business and ad-

ministrative activities. This study thus addresses the use of unmanned aerial vehicles (UAVs) for 

monitoring changing coastlines, in particular morphological coastal changes caused by rising sea 

levels, reductions in sediment load, or changes produced by engineering infrastructure. For this 

objective, a bibliometric analysis was conducted on the basis of 160 research articles published in 

the last 20 years, using the Web of Science database. The analysis shows that the countries leading 

the way in researching coastline changes with UAVs are the United States, France, South Korea, and 

Spain. In addition, this study provides data on the most influential publications and authors on this 

topic and on research trends. It further highlights the value addition made by UAVs to monitoring 

coastline changes. 
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1. Introduction 

1.1. The Importance of Coastal Monitoring 

The coastal zone is the interface between the land and water [1] and its position is 

very dynamic. It changes frequently due to multiple factors, which are also responsible 

for different coastal processes, namely the specificities of waves, the characteristics of sed-

iments, the shape of beaches, inter alia [2]. In addition to natural processes, there are also 

human factors that can cause erosion or accretion, such as the construction of dams and 

reservoirs, dredging, mining, and water and sand extraction [3,4]. 

Over the years, the coastal population has grown considerably, with a concentration 

of large social and economic centres in these areas. Most of this growth has been very 

rapid and poorly planned, subjecting these regions to a great deal of urban and industrial 

pressure [5]. 

In relation to coastal vulnerability, coastal accretion results in less vulnerable coast-

lines thanks to sediment deposition on the beaches. On the other hand, eroding coastlines 

are more vulnerable due to the loss of materials on the beaches. Furthermore, healthy 

coastlines are paramount to maintaining ecosystems [6–8] and quality of life along the 

coast [9,10], as they provide protection from storms and for endangered habitats of many 

animal and plant species. A coastline in a poor state is regarded as a social and economic 

threat for millions of people who live and work there. 

Consequently, monitoring morphological coastline changes is very important as it 

helps to identify the nature and dynamics of the processes that cause such changes and to 

assess and monitor risk areas to help protect people and property [2]. 
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1.2. Coastal Monitoring Methods 

Over time, coastal monitoring methodologies have changed in line with the techno-

logical advances that have emerged. Coastal monitoring methods involving conventional 

techniques, such as classical surveying and topography equipment, beach profile analysis, 

and tide analysis, are mostly costly and labour-intensive [11]. At present, remote sensing 

is one of the most successful and effective methods for coastal mapping. Satellite images 

are a good solution for analysing larger areas [12] due to their extensive coverage capabil-

ity. However, the use of satellite images offers some challenges, either because many im-

ages cannot be used because they are filled with clouds or the spatial resolution is very 

low. On the other hand, higher quality satellite images (with higher spatial resolution) are 

very expensive [13]. Another increasingly used method is laser mapping, e.g., LiDAR. The 

results of this method are of excellent quality due to the very high resolution of the data 

obtained and, compared to UAV photogrammetry, are as good or even better, although 

its main drawback is the high cost of the equipment [14]. Another method of remote sens-

ing is aerial mapping and photogrammetry using UAVs. Unmanned aerial vehicles (also 

currently referred to as unoccupied or uncrewed) are quite versatile tools, and the fact 

that there are different types of UAVs, with different characteristics, makes them adapt 

quite effectively to different working environments, which, in the case of coastal areas, are 

quite irregular. 

1.3. Increasing Use of UAVs and Their Advantages 

Thanks to their characteristics, UAVs are visibly the most effective, practical, and 

cost-effective method and are increasingly used in many fields of knowledge. In recent 

years, the use of UAVs as tools for 2D and 3D mapping, topography, and measurements 

has experienced significant development [15–17] and their potential for coastal studies 

grew thanks to the high spatial resolution of the images produced [18,19]. The key ad-

vantages of UAVs relate to the low purchase and use costs (compared to other tools); the 

possibility to quickly plan and prepare flights in the field with the help of GPS-supported 

control points; the fact that most UAVs transmit images in real time, which allows for 

repeating the work in case of failure or error; and the low safety risks in case of accident, 

because the flight equipment is very light [20]. 

Consequently, we used quantitative and bibliometric methods to analyse the state-

of-the-art of research on the use of UAVs to monitor coastline changes. Bibliometric anal-

ysis is particularly needed given that the knowledge on the use of UAVs for coastal mon-

itoring is scattered and fragmented. This study contributes to the extant literature in this 

scientific area, as it concerns constantly evolving technology, with growing potential for 

coastal monitoring. The success of this bibliometric analysis depends, of course, on clari-

fying the main research topics in the literature on which this study is based. As previously 

mentioned, this technology is constantly evolving. Therefore, it is important to under-

stand the path mapped out, the current intellectual structure, and what is to come, which 

assist in determining the studies and relevant issues on the potential of UAVs to monitor 

coastline changes. 

2. Materials and Methods 

The present research study conducts a bibliometric analysis to explore the use of 

UAVs for monitoring coastline changes. Such quantitative analysis provides data on the 

intellectual structure of the knowledge domain and the status quo, hot topics, and future 

research directions that can be followed on this topic [21–23]. Bibliometric analysis exam-

ines the existing literature through large data sets to find hidden patterns of written com-

munication and the evolution of the area of knowledge by applying statistical and math-

ematical methods [24,25]. Bibliometric analysis brings new knowledge to light supported 

by the strength of the quantitative data from this type of analysis [26]. By using bibliomet-

rics, this study aspires to better understand the patterns and foci of existing research [27]. 
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The analysis comprises five steps: study design, data collection and selection, data 

analysis, data visualisation, and interpretation [28–31]. 

2.1. Data Selection and Screening 

The bibliographic information about the published literature was sourced from the 

Web of Science (WoS). We chose this database because it is very comprehensive and offers 

a broad coverage of academic work produced globally in a wide range of knowledge ar-

eas, besides harbouring a large collection of thousands of indexed journals. 

To pick the documents of interest for this study, we had to select the words with 

relevance to the topic in question. That covered the largest number of published papers, 

considering some assumptions, such as the fact that a concept may have different termi-

nologies. For example, drones are also called unmanned aerial vehicles, remotely piloted 

air vehicles, or even unmanned airborne systems (Table 1). 

Table 1. Keywords criteria for search on the Web of Science database. 

Search Operators Keyword Query 

OR 

drone* 

“unmanned aerial vehicle*” 

“uav” 

“unmanned aircraft system*” 

“uas” 

“remotely piloted aircraft*” 

“rpa*” 

“structure from motion” 

“photogrammetry” 

“digital photogrammetry” 

“aerial photogrammetry” 

AND  

OR 

“beach erosion”  

“coastline chang*” 

“shoreline chang*” 

“coast* erosion” 

“shoreline monitoring” 

“coast* survey*” 

“beach dune*” 

“shoreline erosion” 

“topograph* monitoring” 

NOT “satellite” 

NOT “satellite imagery” 

Original formula: (drone* OR “unmanned aerial vehicle*” OR “uav” OR “unmanned aircraft sys-

tem*” OR “uas” OR “remotely piloted aircraft*” OR “rpa*” OR “structure from motion” OR “pho-

togrammetry” OR “digital photogrammetry” OR “aerial photogrammetry”) AND (“beach erosion” 

OR “coastline chang*” OR “shoreline chang*” OR “coast* erosion” OR “shoreline monitoring” OR 

“coast* survey*” OR “beach dune*” OR “shoreline erosion” OR “topograph* monitoring”) NOT 

“satellite” NOT “satellite imagery”. 

The asterisk “*” allows the search engine to search for the same word in different 

conjugations; for example, “coast* survey*” can be “coastal survey” or “coastal survey-

ing”. These criteria were applied to the Topic field, which only searches for words in the 

Title, Abstract, Author Keywords, and Keywords Plus. The search was conducted in No-

vember 2022 and yielded 181 results. 

Next, additional criteria were used to filter some data to obtain a more realistic data 

set that was fit for purpose. For this reason, the terms “satellite” and “satellite imagery”, 

which are strongly related to coastal change monitoring, were also excluded. Had these 
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terms not been set aside, the search would have resulted in 237 publications, or, in other 

words, 56 more publications. 

The first filter applied was the time interval of the publications—the search was re-

stricted to publications from 2002 to 2022. This timeline makes sense, because the study 

addresses a method that uses relatively recent technology and thus must focus on a more 

updated bibliography. 

The second filter concerns the type of publication and, in this case, Article, Proceedings 

Paper, and Early Access were selected. 

The third filter in this research corresponds to the citation topics. Citation topics are 

citation clusters that are prompted by algorithms developed by CWTS, Leiden. These ci-

tation topics are divided into 3 hierarchical levels: Macro-Topics (10); Meso-Topics (326); 

and Micro-Topics (2444). In this study, the citation topics were filtered at the hierarchical 

level of Meso-Topics. The following Meso-Topics were excluded from the 15 drawn from 

the previously filtered documents: 

- 3.2 Marine Biology; 

- 3.60 Herbicides, Pesticides & Ground Poisoning; 

- 4.116 Robotics; 

- 4.17 Computer Vision & Graphics; 

- 4.46 Distributed & Real Time Computing; 

- 8.283 Archaeometry; 

- 8.93 Archaeology. 

This filter resulted in 160 publications, which will provide the bibliographic frame-

work for this bibliometric analysis. These are a relatively small number of publications 

compared to other bibliometric analyses [32,33]. However, this study focuses on a very 

specific topic and, as such, the search was also quite concrete and restricted. 

2.2. Data Analysis 

These documents were subsequently analysed using bibliometric analysis tech-

niques—performance analysis and scientific mapping. A descriptive analysis of perfor-

mance was carried out using the bibliometrix package [34] by R Studio software (version 

2023.09.0+463) to examine different research field evaluation indicators, as it has proven 

to be an effective and flexible tool for analysing and visualising bibliographic data [35–

37]. 

VOSviewer (https://www.vosviewer.com/) was employed for network visualisation 

[38] in the studies conducted by Chen et al. [39] and Jumansyah et al. [40], demonstrating 

its effectiveness in this type of analysis. VOSviewer uses networks built on bibliometric 

information. This type of tool facilitates the identification of knowledge gaps and oppor-

tunities for collaboration. The outputs generated by VOSviewer consist of mental maps 

representing networks. The elements are represented as nodes, denoting institutions or 

keywords, while the relationships between them are depicted as lines, representing con-

nections. These connections indicate the frequency or strength of the relationships be-

tween these elements. These networks offer valuable insights: (i) they shed light on the 

structure of the scientific community, enabling the identification of research groups, cen-

tres of excellence, and emerging themes and (ii) they facilitate the visualization of connec-

tions across different research areas. 

3. Results and Discussion 

The evolution of publications in the current literature on the use of UAVs for moni-

toring coastline changes was analysed. Figure 1 shows the timeline of the research. 
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Figure 1. Annual distribution of publications. Source: Web of Science. 

The number of publications has grown remarkably since 2018. Before 2018, annual 

publications had peaked in 2016 at 10. There are 47 publications between 2002 and 2017 

in the WoS database, accounting for about 30% of the literature base of this study. The 

remaining 70% are publications between 2018 and 2022. For this reason, the analysis was 

divided into two periods. The first period, between 2002 and 2017, which we call the de-

velopment phase, had relatively few published articles. The second period, from 2018 to 

2022, corresponds to the growth phase. The increase in publications was exponential dur-

ing these years, confirming that researchers were evermore committed to using UAVs for 

coastline monitoring [41,42]. Annual publications reached a peak in 2020 and have been 

decreasing ever since. As monitoring coastline changes with UAVs involves field work 

carried out in real time, the COVID-19 pandemic limited field work and may be the reason 

for fewer papers being published in 2021 and 2022. 

3.1. Keyword Analysis 

The authors’ choice of keywords significantly impacts the way the article is repre-

sented and disseminated in scientific communities. Keywords identify the key research 

topics and determine the potential for an article to succeed or fail [43,44]. Keyword anal-

ysis concerns the compilation of the keywords of all related publications in a given scien-

tific area and is a tool for highlighting broader research trends. 

As previously mentioned, keyword analysis in this study was also carried out in two 

different periods of time (2002–2017 and 2018–2022). By doing so, it was clear that the 

information was more complete, which allowed us to ascertain the most popular topics in 

each period, as presented in Table 2. 

Table 2. List of most frequently used keywords. Source: Web of Science. 

Rank 2002–2017 Occurrences 2018–2022 Occurrences 

1 photogrammetry 14 coastal erosion 26 

2 coastal erosion 9 uav 23 

3 lidar 5 lidar 14 

4 monitoring 8 structure from motion 11 

5 uav 5 photogrammetry 9 

6 beach erosion 4 shoreline 9 

7 coastal 3 erosion 8 

8 coastal management 3 dune 7 



Drones 2023, 7, 629 6 of 19 
 

9 gps 3 remote sensing 7 

10 sediment transport 3 dsas 6 

Some inconsistencies in this analysis were eliminated by mixing keywords, for exam-

ple “uav” and “unmanned aerial vehicle” or “lidar” and “laser scanning”, which have the 

same meaning. 

Table 2 shows that the keyword “coastal erosion” was frequently used in both peri-

ods of the analysis, hinting at the importance of this geomorphological phenomenon in 

scientific studies. The analysis also underlines the emergence of a new concept: “structure 

from motion”. This concept refers to a photogrammetric technique for creating 3D struc-

tures from 2D image sequences that may be coupled [45]. The fact that this concept became 

very popular since 2018 explains why the keyword “photogrammetry” appeared less fre-

quently in the last period. 

Another conclusion that can be drawn from this analysis is related to the growing 

use of the keyword “lidar”. This technology has aroused growing interest among scientific 

researchers due to its ability to produce results with high spatial resolution and relative 

ease [46,47]. Monitoring studies, of the coastline or otherwise, using LiDAR tools have 

increased slightly. Since these tools can be coupled with drones, the two terms are closely 

connected, thus highlighting yet another advantage of using UAVs—the ability to carry 

different equipment that is more effective and adaptable to each study objective. 

This analysis traces the use of the keyword “dsas” from 2018 to 2022. DSAS (Digital 

Shoreline Analysis System) is a plugin developed by USGS in the early 1990s [48] that 

enables the quantitative assessment of shoreline changes over time using spatial data. 

However, it was an obsolete tool that was developed over the years, and only boasted a 

strong presence from 2016 onwards. Nowadays, due to improvements added to the 

plugin, it can be used for other applications [49]. 

Figure 2 illustrates the keyword network using VOSviewer and the keyword clusters. 
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Figure 2. Knowledge clusters in the use of UAVs for monitoring coastline changes. Source: 

VOSViewer. 

Only keywords shown at least five times were used for this analysis. Each cluster 

represents the keywords that were most frequently used together. In the keyword net-

work, the width of the line represents the strength of the link between each keyword with 

other keywords. Thus, the keywords with the strongest links are “coastal erosion” with 

“structure from motion” and “coastal erosion” with “terrestrial laser scanning”. The size 

of the circles in the keyword network represents the frequency with which each keyword 

was used. The variation in the use of keywords over the years is also visible in the key-

word network, as the title at the bottom right suggests. The years of most intense biblio-

graphic output in this scientific area are also the years when the keywords were most 

frequent. 

3.2. Influential Authors 

In this section, we ascertained the most influential authors. To this end, the most cited 

authors and those with the most prominent publications were analysed. 

The 160 publications included in this bibliometric analysis represent 607 authors. 

Once more, these authors were analysed over two periods of time (2002–2017 and 2018–

2022). This division allowed us to track the most influential authors in these two periods 

when scientific production was quite different in quantitative terms. This analysis allows 

us to point out key authors among few publications and key authors among many publi-

cations. 

Table 3 highlights the 10 authors with most references in the two periods of analysis. 

Table 3. Most cited authors between 2002 and 2017 and 2018 and 2022. Source: Web of Science. 

Rank 2002–2017 Citations Publications 2018–2022 Citations Occurrences 

1 Steve Harwin 414 1 David Rosebery 104 26 

2 Arko Lucieer 414 1 Quentin Laport-Fauret 101 23 

3 José A. Gonçalves 334 1 Stephane Bujan 99 14 

4 Renato Henriques 334 1 Vincent Marieu 87 11 

5 James Brasington 331 1 Gil Gonçalves 84 9 

6 Joe Langham 331 1 Bruno Castelle 80 9 

7 Barbara Rumsby 331 1 Umberto Andriolo 78 8 

8 Christopher D. Drummond 232 1 Filipa Bessa 78 7 

9 Mitchell D. Harley 232 1 Derek W. Jackson 60 7 

10 Ian Turner 232 1 David Rogers 60 6 

The most cited authors who published between 2002 and 2017 have more citations 

but fewer publications compared to the most cited authors who published between 2018 

and 2022. This shows that scientific publications in this field of research grew exponen-

tially since 2018, consequently distributing citations across more publications and more 
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authors. Until 2017, the rate of publications was relatively low, so few publications had a 

high number of citations. 

Of the 607 authors, only 18 published three or more papers, and, among these 18 

authors, only 2 have more than 100 citations. Consequently, these are the top authors con-

cerning the use of UAVs for monitoring coastline changes. These figures show that authors 

do not publish very often on this topic. 

3.3. Citation Analysis 

Citation analysis involves studying the impact of the papers. Although prone to some 

errors of analysis (i.e., citation bias, self-citation), it is probably the most traditional 

method used in bibliometrics as an approximate measure of scientific quality, particularly 

in the case of individual researchers, and the rankings of universities and institutions 

[50,51]. 

The citations also reflect the importance and strength of the papers’ contributions to 

the literature on a specific topic [52]. Citation analysis was carried out herein to identify 

the most influential studies on monitoring shoreline changes using UAVs. Table 4 lists the 

10 papers with the most citations for the periods 2002–2017 and 2018–2022. 

Table 4. Most cited documents. Source: Web of Science. 

Rank 2002–2017 2018–2022 

 Document Reference Citations Document Citations Reference 

1 Harwin and Lucieer (2012) [53] 414 Laporte-Fauret et al. (2019) 80 [54] 

2 Gonçalves and Henriques (2015) [20] 334 Gonçalves et al. (2020) 55 [55] 

3 Brasington et al. (2003) [56] 331 Lin et al. (2019) 51 [57] 

4 Turner et al. (2016) [18] 232 Guisado-Pintado et al. (2019) 49 [58] 

5 Lantuit and Pollard (2008) [59] 216 Ruessink et al. (2018) 49 [60] 

6 Forbes et al. (2004) [61] 156 Le Mauff et al. (2018) 46 [62] 

7 Fletcher et al. (2003) [63] 150 Westoby et al. (2018) 45 [64] 

8 Papakonstantinou et al. (2016) [42] 74 Warrick et al. (2019) 35 [65] 

9 Thornton et al. (2006) [66] 56 Gonçalves et al. (2018) 35 [67] 

10 Norcross et al. (2002) [68] 55 Pikelj et al. (2018) 27 [69] 

The articles by Harwin and Lucieer [53] and Gonçalves and Henriques [20] were the 

most cited among those published from 2002 to 2017, with 414 and 334 citations, respec-

tively. 

Harwin and Lucieer [53] assessed the accuracy of the point clouds generated on the 

basis of the field survey points. The authors used the TerraLuma UAV with an RTK GPS 

to acquire Ground Control Points (GCP) across the South Australian coastline. In this 

study, the distribution and number of GCPs varied in order to determine the best method. 

When the GCP targets are well positioned, i.e., they are large (greater than 10 cm in diam-

eter) and have a visibly different colour from the surrounding landscape, the results are 

more accurate. Assessing the accuracy of the point clouds was an essential step to show 

that drones can be used for environmental monitoring, namely the geomorphological 

changes in the Earth’s surface. In particular, the study of coastal erosion requires 3D point 

clouds with decimetric accuracy, and the authors claim that geomorphological changes 

cannot be monitored using traditional aerial surveying or satellite sensing. The authors 

also found some limitations of this method, namely lower accuracy of the point clouds in 

areas where dense vegetation or homogeneous texture hindered penetration. 

The authors found that by flying at an altitude of 50 metres and with an overlap of 

70% to 90%, they were able to obtain a point cloud with 2.5 cm to 4 cm accuracy. This 

paper is extremely important, because it provides meaningful insight on the method to be 

applied in drone mapping for obtaining data with a high accuracy. This paper by Harwin 

and Lucieer [53] presents a methodology with wide applicability in several scientific areas 
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that use aerial mapping (i.e., mining, farming, habitat mapping, etc.), which explains the 

high number of citations in this publication. 

The second most cited publication by Gonçalves and Henriques [20] addresses the 

use of UAVs for mapping and monitoring sand dunes and beaches. A very light, fixed-

wing drone (SwingletCam) was used in this study. Agisoft Metashape 1.7 software helped 

to align the images, extract the point clouds, build the digital surface model and produce 

orthophotos. As in the most cited paper [53], for this trial GCPs were mapped with a dif-

ferential GPS receiver for higher positional accuracy. This study was carried out in two 

sensitive areas of the northwest coast of Portugal. This methodology allowed the authors 

to obtain DTMs with a vertical accuracy of about 3.5 cm to 5 cm, very similar to the reso-

lution of the orthorectified image (3.2–4.5 cm). Gonçalves and Henriques [20] concluded 

that unmanned aerial vehicles can replace many of the conventional flights, with the ad-

vantage of low data acquisition costs, without any loss in the quality of topographic data 

and aerial images. Similarly to the paper previously analysed, these authors also under-

score some limitations of the use of drones in coastal areas, mainly due to adverse weather 

conditions that are often an obstacle to carrying out aerial surveys. Stronger winds, for 

example, mean that deadlines must be extended, which creates pressure on financial and 

human resources. This paper is widely cited due to the high level of detail in the way it 

describes the methodology used and explains and justifies the results obtained. Conse-

quently, it served as a basis for many subsequent works. 

In the second period of analysis (2018–2022), the article with the most references was 

by Laporte-Fauret et al. [54]. Its authors proposed a low-cost and replicable approach for 

monitoring changes in the morphology of coastal dunes, which, combined with a simple, 

effective, and permanent installation of GCPs, can be applied to routine mapping for mon-

itoring the morphological changes in dunes, particularly after each storm. To this end, 

Laporte-Fauret et al. [54] used DJI Phantom 4 to remotely detect 4 km of coastline, which 

translated into 1 km2. The results produced a digital terrain model with a vertical error of 

0.5 m. The authors note that by using automatic flight plans it is possible to replicate ex-

actly the same flight lines in multiple surveys with high temporal resolution. This paper 

analyses the detailed morphological evolution over a 6-month period in winter, and the 

results show a coastline that is constantly changing according to sea conditions and wind 

processes. 

3.4. Co-Citations Analysis 

According to Gmur [70], document co-citation analysis offers a means of identifying 

similar publications and groups them together. A careful analysis of a cluster may reveal 

a common field of research among the publications. To identify related thematic areas and 

the intellectual patterns of the publications, the co-citation of literature on the use of 

drones for coastal change monitoring was searched. Small [71] thus recommended co-ci-

tation analysis for studying the most influential research in a scientific field. In order to 

limit the cluster to the most significant papers [24], we decided on a co-citation threshold 

of 10, which means that at least two papers must have been cited together in 10 or more 

different publications. The clusters were also forged with a minimum size of 1 and with-

out any method for merging smaller clusters with larger ones. This resulted in six clusters 

based on the similarities between the studies and their intellectual structure. Table 5 shows 

the breakdown of publications by cluster. 
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Table 5. Clustering of influential publications on coastline change monitoring with drones. Source: 

Web of Science. 

Cluster Broad Theme References 

1 
Sand dune morphodynamics; high-resolution surveys; optimizing GCPs; use of low-cost drones for 

beach monitoring 
[18,20,42,54,72–78] 

2 
Comparison of results with LiDAR; 3D reconstruction; structure-from-motion techniques; error 

minimization 
[53,79–85] 

3 Coastal mapping; shoreline detection; digitization and correction of old aerial photographs [86–88] 

4 New equipment and drones; state-of-the-art overview [89–91] 

CLUSTER 1—This cluster includes 11 publications, only two of which were prior to 

2015. They focus on the following key topics: the morphodynamics of sand dunes, the 

optimisation of the use of Ground Control Points, and high-resolution surveys conducted 

using low-cost drones. 

On the morphodynamics of sand dunes, Patrick Hesp [75] provides an overview of 

the formation, geomorphology, and evolution of sand dunes in a range of conditions. This 

publication describes how the advance or retreat of the sea, wind conditions, the amount 

and type of vegetation, and sediment transport rates impact the structure of dunes. This 

cluster includes yet another publication on the morphodynamics of the dune system. The 

key lesson learnt from this publication is that, although systematic, it is almost impossible 

to predict the natural conditions of dune systems [72]. In the cluster, some of the most 

cited references in articles in the WoS database also address the sub-topic of high-resolu-

tion surveys. The authors state that the use of drones is a method well suited to research 

groups intending to monitor coastline changes, as they deliver results with high resolution 

and accuracy levels, reaching centimetre values [55,77]. Furthermore, these authors con-

sider that, since it is a low-cost method, it is also an opportunity for developing countries 

lacking in data. This cluster also refers to some authors who, in their publications, apply 

methodologies related to the use of drones and coastal monitoring. Also noteworthy are 

the authors who present new distribution and operating techniques for optimising GCPs 

in order to obtain more accurate topography data [18,20,74,76,77]. 

CLUSTER 2—This cluster includes eight publications. The main sub-theme is the SfM 

(structure-from-motion) technique. According to some authors, the SfM technique allows 

for point cloud data to be obtained with centimetre-level precision through aerial surveys 

using drones. The SfM technique is mostly used for 3D modelling. However, if the target 

is the land surface, this technique may not be used, as it does not have the capability to 

penetrate vegetation [53,85]. Some authors with papers included in this cluster have used 

their studies to compare the results of aerial surveys using drones with those of LiDAR 

surveying. These authors consider that there are advantages and disadvantages to both 

approaches. As far as light is concerned, LiDAR fails where woodland is abundant or in 

caves and there is not enough sunlight. In some cases, the investment in such an expensive 

tool as LiDAR is thus not practical or cost-efficient. The authors assume that this may be 

the main strength of drone surveys: the fact that the drone is an affordable way to obtain 

results of high quality and scientific accuracy. On the other hand, in favourable environ-

ments, LiDAR can deliver more accurate and precise results [79,80]. 

CLUSTER 3—The three most cited publications in this cluster discuss coastal map-

ping techniques, digitization and correction of old aerial photographs, and techniques for 

shoreline detection, among other topics. Concerning coastline detection, the authors iden-

tified some methods for tracking shorelines based on scientific criteria, e.g., aerial photo-

graphs, coastlines using GPS, remote sensing, multispectral images, LiDAR, and micro-

wave sensors [86]. 

CLUSTER 4—In this cluster, three publications explore new equipment and drones 

and discuss the state of the art in the use of drones for coastal change monitoring. On the 

state of the art of this scientific approach, a publication in this cluster addresses several 

methods previously used to monitor the coastline via aerial surveys: fixed-wing drones, 
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rotary-wing drones, air balloons, and kites. The author highlights the multiple capabilities 

of drones, especially rotary-wing drones, in various scientific areas. The author refers to 

drones as a tool that is easy to come by, easy to fly and use, cheap, and practical for data 

acquisition, among others advantages [89]. 

3.5. Country and Academic Institution Analysis 

Through this analysis, we sought to map the geographic distribution of researchers 

(and their academic institutions) who fostered the use of drones for monitoring shoreline 

changes. The diversity of countries and academic institutions is remarkable. In the first 

period of analysis, the United States of America (USA), France, the United Kingdom, 

Greece, and Italy are the five top countries with the highest number of publications in this 

field of research between 2002 and 2017, as shown in Table 6. 

Table 6. Top 10 most productive countries. Source: Web of Science. 

Rank 2002–2017 2018–2022 

 Countries Publications Citations Countries Publications Citations 

1 USA 30 414 USA 66 120 

2 France 20 43 France 51 189 

3 United Kingdom 19 381 South Korea 40 21 

4 Greece 9 94 Spain 35 130 

5 Italy 9 3 Italy 27 28 

6 Turkey 9 10 Portugal 24 119 

7 Australia 8 648 Australia 22 57 

8 Canada 8 372 Brazil 19 11 

9 South Korea 8 25 Japan 19 21 

10 Romania 7 0 United Kingdom 17 61 

However, taking a closer look at the number of citations of publications in this same 

period, we see that some countries with fewer publications have more citations than coun-

tries with more publications. This may reflect the quality of research in some countries 

such as Australia, the USA, and Canada, which are suffering from coastal erosion [92]. 

In the second period of analysis (2018–2022), the USA and France are still leaders in 

the research area in terms of the number of publications. Countries such as South Korea, 

Spain, Italy, and Portugal have published exponentially more papers in the WoS database. 

However, we must highlight Portugal and Spain as the countries with the highest average 

number of citations per paper from 2018 to 2022. 

Since most researchers are linked to a university, it is also important to look into the 

universities that have contributed the most and the best to the knowledge on using drones 

for coastal surveying. 

The analysis carried out using the Biblioshiny package of R-Studio’s bibliometrix li-

brary shows that the University of Coimbra (Portugal) published the most papers (14) in 

the WoS database between 2002 and 2022, followed by the Université de Bordeaux 

(France) and the Universidad de Cádiz (Spain), both with 11 papers published. Table 7 

provides the top 15 universities worldwide in terms of number of published papers. 

Table 7. Top 15 most productive institutions. Source: Web of Science. 

Rank 2002–2022 

 Institutions Country Articles 

1 Universidade de Coimbra Portugal 14 

2 Université de Bordeaux France 11 

3 Universidad de Cádiz Spain 11 

4 Northumbria University United Kingdom 10 

5 Universidad de Santiago de Compostela Spain 10 

6 Deakin University Australia 7 
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7 Université de Bretagne Occidentale France 7 

8 Kangwon National University South Korea 6 

9 Purdue University United States 6 

10 University of Cape Coast Ghana 6 

11 Universidade Federal do Rio Grande do Sul Brazil 6 

12 University of Windsor Canada 6 

13 Norsk Institutt for Kulturminneforskning Norway 5 

14 Seoul National University South Korea 5 

15 Universidad de Extremadura Spain 5 

3.6. Article’s Sources Analysis 

The selection of articles presented in this study includes a wide range of journals. As 

described in Tables 8 and 9, the Journal of Coastal Research has published the most papers 

on the use of drones for coastal monitoring since 2002. However, it does not have the 

highest number of citations. Between 2002 and 2017, Geomorphology was the journal with 

the most citations, i.e., 547 citations in only two articles. From 2018 to 2022, the number of 

publications in this scientific area grew exponentially. 

Table 8. Top 10 journals between 2002 and 2017. Source: Web of Science. 

Rank 2002–2022 

 Journals Publications Citations 

1 Journal of Coastal Research 6 243 

2 Marine Geology 4 295 

3 Fresenius Environmental Bulletin 2 27 

4 Geomorphology 2 547 

5 ISPRS Journal of Photogrammetry and Remote Sensing 2 388 

6 Remote Sensing 2 430 

7 ICCSCE 2013 1 16 

8 Acta Montanistica Slovaca 1 3 

9 ISPRS International Journal of Geo-Information 1 74 

10 Coastal Engineering 1 232 

Table 9. Top 10 journals between 2018 and 2022. Source: Web of Science. 

Rank 2018–2022 

 Journals Publications Citations 

1 Journal of Coastal Research 13 52 

2 Remote Sensing 10 126 

3 Earth Surface Processes and Landforms 7 45 

4 Geomorphology 5 111 

5 Science of the Total Environment 5 113 

6 Water 4 39 

7 Coastal Engineering 3 54 

8 Drones 3 29 

9 Journal of Marine Science and Engineering 3 90 

10 International Journal of Remote Sensing 2 41 

Analysing Tables 7 and 8, it can be seen that the number of articles published in most 

of these journals more than doubled. Between 2018 and 2022, the journal with the most 

articles was Journal of Coastal Research (13 articles), followed by Remote Sensing and Earth 

Surface Processes and Landforms (10 and 7 articles, respectively). Regarding the number of 

citations, Remote Sensing was visibly the journal with the most citations (126), followed by 

Science of the Total Environment, with 113 citations in five articles. 
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3.7. Limitations and Potentials of UAVs for Coastal Monitoring 

The current study conducted a comprehensive analysis of the intellectual structure 

of research on the use of drones for coastal change surveying, resulting in new insight for 

future research. A careful review of the selected articles and the use of citation and co-

citation analysis techniques allowed us to point out the research topics with the highest 

impact. In turn, this helped us conclude that drones must be used more efficiently in order 

to take more advantage of this technology for faster and more accurate and economical 

surveys. Thus, the current study found that this technology has some barriers that prevent 

the most effective use of drones. Such barriers are described in Table 10. 

Table 10. Barriers to the use of UAVs in coastal monitoring. 

Barrier Description 

Implementation costs This may be the case for researchers or institutions with limited financial means [93]. 

Labour knowledge and expertise 
In most cases, experienced pilots and skilled people are needed to fly the drones in haz-

ardous situations or adverse conditions [94,95]. 

Engine power and flight duration Drones cannot be operated for long hours or cover broad areas [96,97]. 

Stability, reliability, and manoeuvrability Drones are not stable in adverse weather conditions [96,97]. 

Payload limitations and sensor quality 
Due to their weight, drones cannot carry heavy loads, making it difficult to attach cam-

eras and sensors [98]. 

Regulation Drones can pose a threat to public safety, so rules are being tightened [99,100]. 

In addition to the limitations, the authors of the reviewed documents identified ad-

vantages of using UAVs to monitor coastal change over other methods and other technol-

ogies (Table 11). 

Table 11. Advantages in the use of UAVs compared to other methods. 

Barrier Description 

Mobility and accessibility 

UAVs are highly mobile and can be easily transported to remote or hard-to-reach coastal areas. 

This makes it possible to monitor coastal sites that may be inaccessible by terrestrial methods 

[79,82]. 

Cost effectiveness 

Compared to manned aircraft or satellite imagery, UAVs are relatively more affordable in terms 

of acquisition and operating costs. This allows organizations with limited budgets to carry out 

regular monitoring [20,54]. 

High spatial resolution 

UAVs can capture high-resolution images, allowing the detection of minute details in coastal 

landscapes, such as small-scale erosion, changes in vegetation, and sedimentation patterns 

[15,20]. 

Agility and flexibility 

UAVs can be quickly mobilised and reconfigured for different types of sensors such as RGB or 

multispectral cameras, and LiDAR depending on monitoring needs. This provides significant 

flexibility [62,90]. 

Real-time monitoring 
Data captured by UAVs can be processed and analysed in real time or immediately after the 

flight, enabling a rapid response to unforeseen coastal events such as storms [14,18]. 

Safety 
Operating UAVs is generally safer than sending people into potentially dangerous areas, such 

as unstable cliffs or erosive beaches. This reduces the risk for the monitoring team [41,101]. 

Digital data storage 

Data captured by UAVs are stored digitally rather than physically, making them easier to share, 

analyse, and archive in the long term. This is especially useful for long-term studies and histori-

cal comparisons [16,64]. 

Integration with other advanced 

technologies 

Due to georeferencing capabilities, data collected by UAVs can be easily integrated into geo-

graphic information systems (GIS) and processed with advanced techniques such as machine 

learning and spatial analysis [64,102]. 

In fact, the advantages identified by different authors show the potential of these in-

struments for collecting data with high quality and resolution in very diverse operating 

conditions and when applied to different areas of research, as well as their high potential 

for interoperability with many other technologies and systems. The UAV industry is also 
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expanding and the growth in this sector and the prospect of sales show that there is a 

growing market for this type of technology [103]. 

Consequently, future research on drones should address these barriers by conduct-

ing empirical research to find alternatives and/or solutions for coastal surveying with 

drones. However, the range of advantages they offer will be a huge incentive to overcome 

the few existing obstacles, given the investment being made by the industry, offering so-

lutions for a wide range of possible application areas and at a constantly decreasing cost. 

A final consideration related to this work is that it has some limitations. Firstly, it is 

important to note that the findings were determined right from the start through the 

choice of terms used to select the documents on which this work was based. It is extremely 

difficult to choose the perfect term from several that identify and concern the use of drones 

for monitoring coastline changes. In addition, by choosing the Web of Science database 

other databases, such as Scopus, were automatically excluded. These two situations were 

confirmed in Section 3.4. Co-Citation Analysis, where we address the articles that match 

the research carried out for this work but that are not part of the cluster of articles analysed 

herein. This is due to the fact that the keywords in some of these publications are different 

to those that were applied in this study, or because they are documents indexed in other 

databases, such as Scopus. Consequently, some documents are not included in this study, 

which may lead to some distancing from the reality of monitoring coastline changes using 

a drone. Potential bibliometric analyses could consider other databases, or other terms, or 

even other types of documents, such as conference papers, chapters, and books. 

Despite these limitations, all 160 papers that served as the basis for this work were 

reviewed in order to exclude potentially unsuitable documents; thus, the research ques-

tions were answered with the appropriate scientific consistency. Therefore, the current 

bibliometric review helps bring to light the ties between publications and explores the 

intellectual structure of the research field. Furthermore, it traces the links between the dif-

ferent aspects of the literature, such as keywords, authors, affiliations, and countries. 

4. Conclusions 

The current study summarised and reviewed the existing literature on the use of 

UAVs for monitoring shoreline changes, although it was based on a small sample of pub-

lications, due to the specific nature of the topic covered in this study, which may have had 

some influence on the obtained results. Using bibliometric techniques, we sought to en-

hance knowledge of the intellectual structure of research on the use of drones in coastal 

change monitoring. In short, this analysis provides significant input by identifying and 

discussing the most frequent keywords, most cited authors and publications, and the jour-

nals, institutions, and countries with the most contributions to this topic. This analysis 

also provides suggestions for future research. Consequently, the following are our main 

conclusions: 

- Overall, the literature has grown rapidly and attracted great attention from research-

ers in recent years, as the number of publications since 2017 suggests. It is believed 

that this topic is at its highest level in terms of innovation. However, it is important 

to highlight the advent of a new technology strongly linked to the use of drones for 

coastal monitoring: LiDAR [102]. 

- This review found that the literature has evolved from the development of new 

coastal change monitoring methods using UAVs to suggestions for minimising errors 

and optimising results, and later to the incorporation of sensors and other technolo-

gies in drones (multispectral cameras, infrared, LiDAR, etc.) 

- Research on the use of drones for coastal change surveying is mainly related to the 

topographic/geomorphological monitoring of coastal areas in conjunction with 3D 

mapping. Some of the most influential studies in these areas of knowledge include 

[20,42,53,58,104]. These studies have developed key contributions for the use of 

drones for coastal change surveying. 
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- The current bibliometric analysis allows us to conclude that, regarding the method-

ology, most of the publications reviewed were based on real-life case studies, which 

allows us to infer that the use of drones for monitoring shoreline changes is feasible 

and delivers sound, qualitative, and quantitative results. 

- Although there are still some limitations to their use in coastal change research (as 

well as in other areas of research), the potential of these technologies, the advantages 

they offer over other methodologies, and the interest revealed by the scientific com-

munity (as well as the investment being made by industry) reinforce their importance 

and guarantee their increasingly intensive and widespread use. 
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