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Introduction 

 

 Most of the planet Earth is covered by water, 71% of total planet surface to be exact, and 

most of these waters surround all the landmasses making up the rest of the surface (Martínez et 

al., 2007). This leads to a huge amount of coastline where these two meet. It is a very important 

ecosystem for many species of birds, crustaceans, turtles, and many others including humans. It 

is of the utmost importance to protect this environment, which when it is healthy is of such 

importance to humans (Figure 1). Humans have favored the coast for numerous reasons since 

time immemorial and studies have shown that they are the most favored location for humans to 

“…live permanently, for leisure, recreational activities, or tourism” (Martínez et al., 2007). This 

should justify the increasing studies on an area that is threatened by climate change and human 

activity (McGranahan et al., 2007). Some of these coastal communities rely principally on their 

surrounding coastal resources and these threats are a major concern. Rincón is a municipality in 

extreme western Puerto Rico with some of the most beautiful hills, ocean views, and beaches on 

the island, which fuel their primary economic driver tourism (Municipal website, 

http://rincon.gov.pr/, accessed November, 2019). The beaches of this municipality have suffered 

from severe erosion over the past 70 years (Thieler et al., 2007). The study site, Rincon Public 

Beach, is one of these severely eroded beaches whose shoreline has receded over 50m in the past 

70 years, and whose rate of erosion has accelerated over the past 12 years to well over 1m per 

year of shoreline recession (Thieler et al., 2007). Being able to quickly and effectively study 

changes in beach morphology would be a great tool to have to monitor the beach on different 

time scales and before and after major events. Aerial and satellite light detection and ranging 

(LiDAR) images are very useful for producing digital elevation maps (DEMs) of the beach 

morphology that are used for coastal monitoring, but they have their weaknesses. Another useful 

tool that is being used lately is unmanned aerial vehicles (UAVs or drones) taking images that 

are then processed thru photogrammetry to make DEM maps, and these are very easily and cost-

effectively deployed but also have their limitations. The purpose of this study is to compare these 

two tools and to analyze what their best and most effective use is for monitoring change of beach 

morphology.  

 



Scientific Question 

 

 What are the benefits and disadvantages of using UAS photogrammetry and aerial 

LiDAR to evaluate beach morphology and change over time? 

 

Objectives 

 

- To compare the strengths and weaknesses of either method, and the possibility of their 

combined use for coastal studies 

- To develop an efficient process to turn LiDAR data and orthomosaics into useful Digital 

Elevation Models (DEMs) that help the analysis of changing beach morphology in the short and 

medium-term (months-years) 

 

Methodology 

 

- Obtain high-resolution aerial LiDAR images of the study area collected by plane for the United 

States Geological Survey (USGS) using two long-range airborne LiDAR laser scanners (RIEGL 

LMS-Q680i, and RIEGL LMS-Q780) when they mapped the whole island in 2015 from a 

database created for these images (ftp://rockyftp.cr.usgs.gov/vdelivery/Datasets/Staged/ 

Elevation/LPC/Projects/USGS_LPC_PR_PuertoRico_2015_LAS_2018/laz/)  

- Unzip the images with a freeware program called laszip 

- Fly a drone (DJI Mavic Pro with a 12.35 megapixel camera) over Rincón Public Beach taking 

over 500 images at 2 second intervals from different locations over the beach and different 

angles to the beach (Figure 2) 

- Load randomly selected 164 images (164 because of time constraints) of the ones taken into a 

program called Agisoft 

- In Agisoft one scrolls through each image and uses a tool that ‘masks’, or ‘tells’ the program to 

ignore a certain area of an image because things will move and that has a negative effect on its 

functioning when overlaying the images to produce a sparse pointcloud of the area using 

photogrammetry (Figure 3) 



- This sparse pointcloud is then examined to eliminate points that have been produced that are in 

areas of non-interest or noticeably incorrect, then it is re-processed to create a dense pointcloud 

(Figure 4) 

- This dense pointcloud is then re-processed to create a DEM map (Figure 5) 

- The LiDAR images are uploaded into ArcMap where they are used to create a DEM elevation 

map 

- The DEM from the drone images is also uploaded into ArcMap 

- Using ArcMap tools both DEMs are compared (Figures 6, 7) 

 

Results and Discussion 

 

 Both DEMs were very capable of mapping beach morphology. Due to time constraints of 

the semester, statistics were not produced but a qualitative comparison showed their clear 

capability for mapping with significant accuracy. Strengths and weaknesses of both methods 

were also clear. Photogrammetric quality is dependent on the lack of movement of the objects 

present in the image, which was the reason for the substantial masking that is necessary 

particularly at a public beach with people, animals, and vehicles. This limitation creates a very 

particular limitation when studying a beach with any amount of wave energy because it will 

cause significant error at the swash zone and seaward of the swash zone. LiDAR did not suffer 

from this limitation, although the clarity of the water might be a factor which in this case did not 

negatively affect observation of the swash zone but could at another time or place. The weakness 

of aerial LiDAR is the cost and the ease of deployment. Flying a plane over the area is very 

expensive and time consuming. That said, for large extents of coast airborne LiDAR from a 

plane is far more efficient than the large number of drone flights that would be necessary to 

cover the same area. The drone’s strengths would be its very effective, easy and low-cost 

deployment which permits many more studies being possible at low cost and with short notice 

and/or regularity but of a limited area and not to study shoreline change.  

 

 

 

 



 

Conclusions 

 

 For a limited area and changes in beach morphology drone-based photogrammetry is very 

capable and very useful, but it is far less effective when studying large sections of coast or 

changes in the position of the shoreline. On the other hand, airborne LiDAR is also very effective 

and is a far better option to study changes in shoreline location and to study large sections of 

coast as long as there are enough monetary resources and availability to do so. 

 

Recommendations 

 

 Given the availability at this moment of drone-based LiDAR surveying, the best possible 

method for studying coasts would be drone-based photogrammetry combined with drone-based 

LiDAR surveying as long as the extent of the coast is not too large. If there are no time 

constraints drones would probably always be more cost-effective than plane-based aerial LiDAR 

surveying, but for studies of large extents of coast within time constraints and with enough 

monetary resources plane-based airborne LiDAR surveying would probably be the best method.  
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Figures 

Figure 1. Representation of Coastal Ecosystem Service (http://nca2014.globalchange.gov/ 

report/regions/coasts/graphics/coastal-ecosystem-services) 

 



 

 

Figure 2. Drone image from Rincon Public Beach with Dr. Stephen Hughes and Miguel Loubriel 

(red arrow) in the middle. 

 

 

 

 

 

 



 

 

Figure 3. Cars and people who needed to be ‘masked’ to process images into pointclouds. 

 

 

 

 

 

 

 



 

Figure 4. Sparse pointcloud created in Agisoft software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 5. Dense pointcloud created with Agisoft software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 6. DEM of Rincon Public Beach from drone photogrammetry showing profile line and 

elevation graph. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 7. DEM of Rincon Public Beach from airborne LiDAR showing profile line and elevation 

graph. 
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