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Introduction

 Coastal areas are complex natural systems that are influenced by a variety of
factors, such as water movement, sedimentation, morphology, biology, and
human activity, at different spatial and temporal scales.

 According to recent United Nations reports, roughly 37% of the global
population resides within a 100 km radius of the coast (Lapietra et al., 2022).

« Extreme environmental conditions including storm surges, high winds, and
unusual tidal events exist in coastal regions.

» Coastal dune systems have been served as the first line of defense against the
extreme weather conditions (Gonzalez, 2019).

« These coastal dunes are mounds of sand that are formed by aeolian processes,
vegetation, and moisture (Abbate et al., 2019).



Introduction - Surveying of Coastal Dunes

» Surveying of coastal dunes - useful for monitoring impacts of sea-level rise,
climate variations, and morphological changes, and for mapping, coastal
research studies, and coastal management (Houser & Mathew, 2011).

* LiDAR dataset - for analysis of seasonal coastal erosion and accretion trend
(Klemas, 2011; O'Dea et al., 2019).

« Total station surveys - for monitoring morphological changes in small area of
a beach as recommended by Lee et al. (2013).

« Photogrammetric method - a reliable and affordable tool and used for
assessing the evolution of embryo dunes (Taddia et al., 2019).



Objectives

e Quantify the temporal trends of survey-derived elevation
models by applying and comparing three methods of data
acquisition techniques i.e., LIDAR, Photogrammetry and Total
Station.

e Examine the effects of wind and vegetation type on data
acquisition using LiDAR, photogrammetry and total station.



Project Location
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Figure 1: Project location, mitigation areas (MAs), and NOAA benchmark used for survey
analysis at Isla Blanca Beach Park, South Padre Island, Texas, USA (Alayibo, 2022)




Materials and Methods - Total Station Surveys

» Topographic surveys - conducted
using a Nikon NPL 322 model
Total Station instrument . " M, ‘l

 NOAA benchmark station is
located at an elevation of 1.427
m from the mean sea level with
the coordinates of 26° 04' 05" N
and 97° 09'20" W (NOAA, 2022)

Figure 2: Total Station set-up at Isla Blanca Beach Park, SPI, Texas, USA



Materials and Methods - Survey Detalils

- Data points was Lt rontidune M-S
collected at every
1-meter horizontal
interval on the toe
of the dune and
every 3-meter
horizontal interval
on top of the dune
to better help
understand the
dynamics of the _ , | | e, P
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Figure 3: Survey profiles in MA-4 used in surveylng dunes for volume
estimations. Front dune section highlighted in orange box (Alayibo, 2022)



Materials and Methods — LIDAR Data

* LIDAR datasets - from Image Hunter LidarExplorer website
( ) for the Fall of 2022 to the Spring of
2023.

 The availability of LIDAR data from this website offers a convenient and efficient
means of accessing reliable geospatial information within the specified time frame.

 These datasets would be purchased at a cost.

« Only 2018 datasets are available on the National Map, whichis the primary
repository for USGS base geospatial data. We need concurrent datasets.


https://imagehunter.apollomapping.com/

Materials and Methods — Data Comparison

« Root Mean Square Error (RMSE) (Equation 1) and Mean Absolute Difference
(MAD) (Equation 2) - to quantify the differences of the derived datasets
(Zimmerman et al., 2020)

Zi’v=1(zi(UAS DEM)™— ZI(total station))2
Root Mean Square Error (RMSE) = > (1)
. Zl'v—l |Zi(UAS DEM)™— ZI(total station)|
Mean Absolute Difference (MAD) = |—= v (2)
where:

o Zyas pem IS the elevation coordinate measure by LiDAR
o Zital station 1S the elevation coordinate measure by total station
o n is the total number of check points used for the comparison



Materials and Methods — UAV Surveys

oA Preplanned flight planis G s e e
created in the Pix4D™ B LG ETE e
Capture App that
encompass each survey
area at a time.

o The flight altitude is set to
50 m above ground level,
taking a picture every 2—4 s.

o The average spatial
resolution of the images is
set to 2.5 cm/pixel.
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Figure 4: PARROT ANAFI used for image capturing



Materials and Method — UAV Data Processing

A SfM algorithm is used to build a
high-precision 3D terrain model Establish Control Points
from the UAV images collected. » Image acquisition

* The workflow is divided into six e GCPs
steps (Bafon et al., 2019b):

1) Add images

SFM bundle adjustment

e Sparse point cloud

2) Align photos * Dense point cloud
3) Place markers
4) Optimize camera alignment Multiview stereopsis

e DEM

5) Build dense point cloud . Ortho-image

6) Generate DEM
Figure 5: SfM workflow




Weather Station used for Wind Data Collection

« It provides reliable readings
as weather conditions are
continuously transmitted to -
cloud storage with the TEE | ooy ey —
Ambient Weather Network. =l §| P

« The in-situ wind data will be
cross checked with prevailing
wind conditions obtained
from NOAA monitoring
station (station 8779749)
located close to the study
area at Brazos Santiago
Pass, SPI, Texas.

- SRS

Figure 6: KestrelMet 6000 Weather station



Vegetation Assessment

» Carried out at all
established UAV
checkpoints .

« 1 m x 1 m quadrats
sampling method.
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Figure 7: MA-6 Stakes location used for control points and vegetation
assessment
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Preliminary Results - 3D Models at MA-6

« The 3D models - generated
using SURFER software
from total station data
collected from the field.

* A dataset comprising over
180 data points was
gathered to construct these
detailed models.

A sequence of 3D surfaces -
capture a key portion of
foredune and landward
transgressive dunes.

g20- == March 2022
------ March 2023

Figure 8: Overlayed MA-6 Digital elevation models



Preliminary Results - 3D Models at MA-4

* The data points were
interpolated to create the
surface representation
using algorithms such as
Kriging.
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Figure 9: Overlayed MA-4 Digital elevation models
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Cross-shore Profiles — MA-6

 The profiles were obtained MA-6
using the SURFER
software, by making a
cross section of the
elevation data in the
middle of the dune.

» The profile demonstrates i
no change in foredune 127 T March 2023
morphology but landward | | | |
shows consistent lowering 0 3
of parabolic dune Distance

deflation. Figure 10: MA-6 2D Cross-shore profile generated with SURFER
software using total station survey data
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Cross-shore Profiles — MA-4

« The distance denoted in MA
the x-axis representsthe ~— March 2022
horizontal measurement ,-/h.,: o — June 2022
along the perpendicular ~ §* " / =
line of the cross-shore " \ / \
profile. . I4 I x\/
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Orthomosaic Generated using Drone Data

A total of 400 images were used to -\ 1R A ey N\ \
create the Digital Surface Model (DSM) s @ s, ' 43
and orthomosaic (Figure 12).

The processing time, including
computational tasks and adjustments,
took about 24 hours.

The resulting datasets had a consistent
pixel resolution of 0.407 cm after
accounting for the mosaicking and
orthorectification.

An assessment of the orthomosaic
revealed a seamless integration of the
images, resulting in accurate
representation of the visual information
in the orthomosaic.

R ) 1

Figure 12: MA-4 orthomosaic generated with PIX4DMAPPER
software using drone data
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3 Ground Control Points Figure 13: MA-6 UAV survey error statistics generated @ | Error Statistics
with PIX4DMAPPER software using drone data Generated using
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@ cround control Points Figure 14: MA-4 UAV survey error statistics generated
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MA-4 UAV Survey
Error Statistics
Positive values indicate
that the elevations of
points on the DSM
surface are higher
than the
corresponding
elevations of total
station points, while
negative values
indicate the opposite,
where the elevations
of DSM points are
lower than the
corresponding total
station points. 2



MA-6 DSM Generated using UAV Data

« The color differences in the
DSM (Digital Surface Model)
represent variations in
elevation across the surface.
They provide a quick and
intuitive way to identify areas
of interest and potential
elevation variations in the
landscape.
Red represent higher elevation,
while green depict lower
elevation
The band are represented in ft.
Figure 15: MA-6 DSM

generated with
PIX4DMAPPER software

P High : 24,8471

Low: 3.24613 using drone data




Preliminary Conclusions

« The survey data collected here will capture broader landscape dynamics of
an active dune characterized by foredune.

« A more dynamic and resilient biogeomorphic system can be achieved
through coastal dune restoration projects.

* Preliminary findings suggest that the use of UAVs, LIiDAR, and total station
surveys offer distinct advantages in monitoring coastal restoration.

« UAV surveys prove effective in capturing high-resolution imagery, while
total station surveys provide precise elevation measurements, especially in
areas with dense vegetation.
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