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ABSTRACT:

Coastlines are fundamentally unique features. Their behavioural patterns are predominantly subjects of numerous environmental and
engineering studies. With the magnitude of the effects of coastal flooding and erosion, there is a need for accurate techniques for data
capture and data processing. With an emphasis on the zero-cost open source GIS software, there is no existing evaluative procedure
for demonstrating the analytical capabilities of large-scale UAV-based outputs for microscale analysis for small changes on the
beach such as sediment movement, erosion/accretion of individual features. There were four different drone surveys in the study area
to determine microscale change over time. A three-stage analysis procedure helps in determining the overview of the coastline and
highlights the region(s) of optimum change requiring further spatial analysis with micro-scale change detection. Results obtained
show the analytical capabilities of large-scale UAV-based outputs for relatively small but detailed analysis using the open-source
QQGIS. Results obtained show that spatial analyses of the zoomed areas at different viewpoints and scales improve the confidence
level of the hillshading and contour of that particular section on the coastline. The UAV photogrammetry and the three-stage analysis
procedure can detect a 1cm change on the beach using the free and open-source QGIS software. It shows the profile modelling of the
coastal inundations for both pre and post-flooding events at sub-centimetre intervals can be obtained from QGIS modelling, data

computation, analysis, and visualization.

1. INTRODUCTION

Beach Modelling and Monitoring are crucial and inevitable
(Eboigbe, 2021; Anandabaskaran and Vijayakumar, 2017) and
require immediate, reliable, and cost-effective monitoring
techniques (Ahmed et al, 2018). Ocean currents result in
regular upwelling and downwelling, thereby resulting in
frequent coastal flooding and erosion (Eboigbe, 2021;
Samanta and Paul, 2016; Ringim et al, 2016; Bio et al, 2015;
Chaaban et al, 2012). Shoreline management plans for the
South Wales coastline in the UK are typically challenged by
the availability of funds for both data capture and data
analysis. Apart from the high cost of data accurate data, such
as LiDAR, aerial images, and other high and very-high-
resolution images (Eboigbe, 2021; Banks et al, 2017; Casella
et al, 2014 and Braga et al, 2013), there is also the challenge
with acquiring high-cost proprietary software for data
processing and analysing (Awange and Kiema, 2018). Regular
beach monitoring should include adaptable methodologies for
data capture and analysis in terms of frequency and cost
(Eboigbe and Kidner, 2020). A long and short-term beach
monitoring infrastructure is possible on the availability of
regular coastal processes and evolutions (Chang et al, 2018
and Turner et al, 2016).

The beach or shore stretches from the low-tide shoreline to the
coastline and includes the foreshore and the backshore
(Eboigbe, 2021; Scarelli et al, 2017 and Longhitano, 2015).
The beach consists of silt, sand, pebbles, shells, gravel, rocks,
and cobbles (Kwarteng et al, 2016). Periodic changes in the
low tide and high tide shorelines will help understand the sea
wave pattern for resource planning and emergency (Caudle et
al, 2019; Rouse et al, 2019; Scarelli et al, 2017; Robinet et al,
2016). The movement of sediment and deposits on the berm

and dunes are key factors in understanding several
geomorphological processes (Eboigbe, 2021; Naylor et al, 2017,
Goncalves and Henriques, 2015). Research by Eboigbe (2021)
shows that the tidal wave will result in sediments and/or wash-
over (Mulhern et al, 2017). An effective Coastal zone
management infrastructure will include therefore the spatial
relationship and variability between the nearshore, the shore,
and the coast (Joevivek et al, 2018 and Papakonstantinou et al,
2016). Beach transects are periodically represented relative to
distances from assigned tidal heights at very accurate and
precise X. y, z coordinates (Casella et al, 2016; Theuerkauf and
Rodriguez, 2012).

The cartographic and analytical capabilities of the QGIS which
includes the beach information infrastructure is well explained
in Lemenkova (2020), Eboigbe (2017) and Eboigbe (2021).
When compared with the proprietary ArcGIS, the QGIS has the
fuctionalities for advanced geospatial analysis and modelling of
the beach (Casella et al, 2016). This study, therefore,
demonstrates the use of low-cost and large-scale (localised)
methodologies for analysing the coastline using a three tier
stage analysis. The aim is to detect a change to up to lcm on a
large-fine scale from low-cost UAV photogrammetry and the
QGIS for spatial analysis.

2. STUDY AREA

Penarth lies within the Vale of Glamorgan. It is approximately
6.4 kilometres from the Cardiff city centre. It is bounded by the
Severn Estuary on the north shore and the Cardiff Bay at the far
south. Penarth has the second largest coastal global tidal range
and is predominately characterized by frequent coastal flooding
and erosion (Eboigbe, 2021; Eboigbe and Kidner, 2020).
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The sea level rise at the Penarth impacts greatly to changes
along the coast and causes damage to the sea defences.
Regular flooding along the Penarth coast causes movements
on small pebbles, debris, increase/decrease on sandy materials,
and even shifts on large, interlocked boulders (figure below)
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Figue — Changes on the Penarth Beach Regul
Displaces the Beach Materials

3. METHODOLOGY

This research focuses on the suitability for survey-grade data
capture (e.g. centimetre or sub-centimetre accuracy) to be able
to model and analyse small changes in coastal environments
(e.g. beach volumetric change) (Eboigbe, 2021; Eboigbe and
Kidner, 2020). The mapping of the Penarth coastline stretches
from the south end of the pier towards the northern side
capturing the cliff embankments (see Figure 2). For each of
the surveys, the average stretch of the coastline surveyed is an
average of 80 acres. Four surveys one in 2015 and 2016 and
two in 2020 help to accurately determine the rate of accretion
and erosion on the stretch of the coastline being monitored.

3.1 A Three (3) Stage Analyses Procedure

An improvement to existing monitoring techniques is the
establishment of a three-stage monitoring technique.

Figure 3 — The Three_Stage Analysis Procedure

Stage 1 is on a small scale. It gives an overview of the coastline
in detail with the help of accurate and high-resolution
orthomosaics and digital models. Stage 2 in medium-scale focus
on the areas where changes have occurred. Stage 3 is the large
scale which can detect change for up to 1 cm.

3.1.1 Small Scale Overview and Digitizing of Aerial
Photograph

With thanks to Derek Elliott of the Aerial Photography Unit of
the National Assembly of Wales, an archive of historic
photography of the Penarth area (figure 4) has been supplied
and analysed concerning changes of the shoreline through time
(i.e. since WWII) (Eboigbe, 2021). It is evident that coastal
processes have had an effect on this shoreline and that erosion
has occurred. The photographs have been digitised, and
subsequently geo-referenced to Ordnance Survey mapping to be
able to represent these datasets in a Geographical Information
System (GIS) for comparisons with other aerial surveys. The
small-scale (high altitude) nature of many of these images
allows for a visual comparison, but not for an accurate
qualitative and quantitative analysis.

Figure 4 — Vertical Aerial Photograph of Penarth shoreline
(10" June 1960) (with thanks to the National Assembly of
Wales).

3.1.2 Medium Scale Overview and Spatial Analysis on UAV
Images

The digitized AOI is then surveyed from a fully autonomous
UAV flight mission using vertical take-off and landing

(Eboigbe,  2021;  Papakonstantinou et al, 2016).
Photogrammetrically, automatic flight control is essential for
radiometrically and geometrically precise orthomosaics
(Hernandez-Lopez et al, 2013). It also helps to optimize the
flight duration (Chiabrando et al, 2017). Due to the
topographical nature of the coastlines, the automatic flight
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mission from a pre-planned flight plan is required to achieve a
higher degree of overlap between images (Chiabrando et al,
2017; Harwin and Lucieer, 2012). It also helps to overcome
influences from the external coastal environment such as
wind, humidity, sea spray, and other coastal area conditions
that could affect UAV performance (Guisado-Pintado et al,
2019).

Figure S — Trajectory Showing the Flight Path Pattern of
the Penarth Survey in 2015 together with the
corresponding Orthomosaic.

As all digital images are on the same coordinate systems,
spatial manipulations are possible in the open-source Quantum
GIS (QGIS). The very high-resolution digital model as derived
from the UAVs surveys enhances the computation of volume
by determining the areas of cuts and fill as explained in figures
6 and 7 below. Results obtained from this stage then
determines the stage 3.

Figure 6 — 2015 DSM with 2016 Orthomasaic. On top is
the 2015 DSM showing the areas of cut and fill and the
2016 Orthomosaic below. The red segments on the DSM
are the areas of materials loss and the blue segment are the
areas of material gains.

Figure 7 — 2016 DSM with 2015 Orthomasaic. On top is the
2016 DSM showing the areas of cut and fill and the 2015
Orthomosaic below. The red segments on the DSM are the
areas of material loss and the blue segment are the areas of
material gains.

3.1.3 Large Scale Overview and Further Spatial Analysis on
UAYV Images

The QGIS extract by mask algorithm extracts the entire cells
(including the Z dimension) of the input raster as outlined by
the defining mask (Pathan and Agnihotri, 2019; Chamat and
Anupriya, 2018). In QGIS, this facility extracts the area of
interest in stage 2 of the 3-stage analysis.

Fgure 8 —2015 Penarth Orthomasaic below with Cropped
Area on top. The crop area will be further analysed to
determine the stage 3.

For stage 3, the digital images will be re-processed for up to
lem accuracy or by using the extract by polygon tool depending
on the accuracy of the initial digital model.

Subsets of the different models are clipped to a common area of
the beach for more detailed analysis (Figure 10). Unlike
LiDAR, the UAV models generate very high-resolution RGB
imagery or point clouds for visual inspection of the surfaces to
help understand the differences between surveys.
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Figure 9a Penarth UAV 3D Photogrammetric Model
31%July, 2020.
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Figure 9b Penarth UAV 3D Photogrammetric Model 2nd
August, 2020.
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Figure 10 — UAV Orthomosaics of the 2015, 2016 and 2020
Clipped Datasets.

2015 © 2016 2020
Figure 11 — UAV Hill-Shaded Relief Models of the 2015,
2016 and 2020 Clipped Datasets.

Noteably, the erosion and accretion maps can be generated for
the differences between 2020 and 2016 (Figure 11), 2020 and
2015 (Figure 12) and 2016 and 2015 (Figure 13). A better
understanding of the results can be accompanied with a visual
presentation of the orthomosaics (Eboigbe, 2021).

2020-2016

2016

Figure 12 — Erosion/Accretion Map for the UAV Derived
Models Between 2020 and 2016.

2020-2015

2020

2015

Figure 13 - Erosion & Accretion Map fr te UAYV Derived
Models Between 2020 and 2015

Overall, the map suggests that there is a net loss between the
two surveys, but the average loss across the whole of the AOI is
about 8cms (as the colour scale is quite small, i.e. any loss is
recorded in pink). The Inset maps illustrate a close up view of
the area south of one of the outlet casings (cf. groyne) which
illustrates intermittent gains and losses in sediment. In general,
areas north of this casing have experienced the greatest losses,
whilst areas south of this have recorded sediment gains.

2016-2015

2015 |

Figure 14 Erosion and Accretion Ma for the UAV Derived
Models Between 2016 and 2015.
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Again, the map demonstrates a net loss of sediment north of
the outlet casing and a net loss south of this. The inset map
illustrates an area of net loss, but the orthomosaic shows an
increase in shingle and stone. However, whilst that may be the
case, the underlying sand levels are significantly lower than in
2015. The analysis of Penarth beach using these datasets
shows some interesting trends and morphological changes on
the foreshore.

4. DISCUSSION OF RESULTS

4.1 Large Scale Analysis of UAV Datasets for Penarth

Consider the two UAV orthomosaics (Fig. 15) captured 48
hours apart. What’s changed?

Figre 15 - UAV Orthomosaic or Penarth - Top: 31% Jl
2020 Bottom: 2" August 2020.

Figure 15 above illustrates two UAV orthomosaics captured
on Friday July 31% 2020 and Sunday August 2" 2020 (48
hours apart). These solely focus on a zoomed-in section of the
datasets of Figure 9a and 9b above respectively. The high tide
prior to the first survey was at 10.08m, with subsequent tides
at 10.24m, 10.45m, 10.82m, and 10.93m before the second
survey. Weather over the 48 hours was very calm, light
southerly winds of less than 10mph, and generally warm
(maximum of 30 degrees Centigrade on July 31%).

The answer to the above question “what’s changed?” is
presented below in Figure 16 as an erosion / accretion map. A

visual inspection of Figure 15 above might have noticed that the
tree trunk close to the cliff face north of the groyne had moved
in a southerly direction (and somebody had placed some UAV
surveying equipment on the beach!). Otherwise, it is difficult to
ascertain much in the way of physical changes. However,
Figure 16 suggests that some other changes have occurred.
Hopefully, it is noticeable that the movement of the tree trunk is
recorded as a red blob in its previous location (i.e. a loss) and a
blue blob (i.e. a gain) in its new position.

¥ . "

Figure 16 — Erosion / Accretion Map for the two Surveys of
Figure 15 (48 hours apart).

The cliff face is represented in blue (a gain), but should not be
taken as accurate, since surveying a near vertical structure from
a sensor being flown 120 metres above the beach and parallel to
it, will only capture a small proportion of points on the cliff
surface (Eboigbe 2021. Similarly, the large bush in the bottom
left of the maps/images appears both blue and red as some
points will be captured differently in the two surveys, i.e. it’s
not a well-defined object for photogrammetry — nor is any
vegetation for that matter. The features close to the cliff face
including the tree trunk are illustrated below in Figures 17 and
18.

However, the foreshore should be captured accurately in both
surveys, so the predominant pinks and reds suggest that there
has been a small loss in sediment over the 48-hour period. The
colour scale is defined in centimetres, but nonetheless, the
casterly area of this map space suggests that there is a loss in the
foreshore of up to 5 cms. Similarly, the area of greatest change
in Figure 16 is the red patch just below the groyne. This is
worthy of greater examination in Figures 19 and 20.
Essentially, the difference map (erosion/accretion) calculation is
suggesting that there has been a significant change in sediment
in this vicinity, but not immediately clear from the orthomosaics
themselves.

On closer inspection, it is worth examining the concrete support
(or step) perpendicular to the groyne. In the second figure of 19
the corresponding step on the south side of the groyne is partly
exposed (as proven by the red patch in the difference map at this
location). Sediment has been moved to expose this step. Of
more interest is the larger red blob. From the orthomosaics in
Figure 19, it is not instantly clear what has changed or to what
extent. By looking at the shaded relief map for the
corresponding UAV DSMs (see Figure 20) it is easier to see the
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volume of sediment on this part of the foreshore. In the top
figure, the sediment appears as a slight mound, which in the
second survey has disappeared (or been dispersed).

The amount of sediment loss can be examined further using
other traditional analytical tools such as digital contouring and
profiling (Figures 21 and 22). Both datasets are contoured in
Figure 21, so the differences can be examined more easily

g 5

Figure 17 - Zoomed section of the beach near

than using the erosion/accretion (difference) map. In the
location of the larger red blob, there is a three-contour
difference (of 5 cms each = 15 cms difference) while
northwards of the groyne there is evidence of a longshore drift
of S5cms of sediment. These are further visualised as cross-
sections either side of the groyne in Figure 22.

atpral 4

to the cliff face ihlighting the movement of the tree trunk and the

corresponding erosion/accretion map. (Left: Survey 1; Middle: Survey 2: Right: Difference Map).

Figur 18 - Zoomed Stioof the Beach Neart the CIiff Face

gh]igting the M\ovement of the Tree Trunk (1); the

movement of a slab of rock (2) which is identified as a loss (slight pink) in the difference map; and some displacement of the
very fine stones/scree at the base of the cliff (3). (Left: Survey 1; Middle: Survey 2: Right: Difference Map).
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Figure 20 - TOP: Hillshade of DSM 31% July 2020,

MIDDLE: Hillshade of DSM 2" August 2020, BOTTOM:
Figure 19 - Close-up View of the Area around the Groyne. Erosion (Red) / Accretion (Blue) Over the 48-Hour Period.
(Survey 1, 2 and Difference Map respectively).
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Flgure 21 - Erosion (Red Areas) / Accretion (Blue Areas) over the 48-Hour Period between 31/07/2020 and 02/08/2020. The
Red Contours denote the first survey and the blue contours denote the second survey (contours are at Scm intervals).
Northeast of the groyne, the pink area denotes a typical sediment loss of Scms, probably due to longshore drift; while south of
the groyne there are bands of erosion and accretion, i.e. the groyne has disrupted the prevailing longshore drift. The area of
most erosion (red patch) exhibits a 3-contour interval or 15cms loss of sediment and pebbles.
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Figure 22a - Location of Two Profile Cross Sections (Profile
1 and Profile 2: North and South of the Groyne).
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Figure 22b - Profile 1 Cross Section illustrates the red line
(1% survey) is approximately Scms above the blue line (2™
survey 48 hours later) after 20 metres.
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Figure 22c¢ - Profile 2 Cross Section illustrates the
intermittent crossing of the red line (1% survey) and blue
line 2" survey 48 hours later) indicating areas of both
erosion and accretion. The big difference at 20m indicates a
loss in elevation (erosion) between 15 and 20cms.

These analyses show that even though the two surveys were
undertaken just 48 hours apart on a very calm weekend of
warm, sunny weather with very light winds, the effect of the
tides on Penarth beach have had a significant volumetric
change of sediment on the beach. This analysis has also
demonstrated that UAV photogrammetric models can clearly
map, model and identify these changes on the foreshore. All of
this modelling was undertaken using free and open-source
software.

One other area of further mention is the issue of modelling
changes in the cliff face from aerial (vertical) imagery from
drones. In Figure 17 and 18 it was suggested that some
changes in the cliff face had been identified in the volumetric
analysis. Vertical photography will identify the outlier points
(or protruding features) of the cliff face, but clearly not the
recesses of the cliffs. However, these outliers may have some
value in identifying changes to the cliff face, as there will be
far fewer points captured in these 3D models, but are clear
indicators of change (erosion). Figure 25 explores this further
by considering the contours of the cliff face between the two
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surveys, rather than just the erosion/accretion map. The
original orthomosaics of the two surveys are presented
alongside their corresponding contour maps at Scm intervals.
The dense packing of the contours reveals the shape of the

cliff surface, in much the same way as the hillshaded maps
revealed the sediment displacement on the beach itself. By
comparing these contour maps, more definition is given to the

= " 3 e Pt = - P A j
Figure 23 - 3D Digital Orthomosaic for Cliff Analysis. From
left to right: 3D Orthomosaic of 31/07/2020; 3D Orthomosaic
of 02/08/2010; 5cm CIliff Contours of 31/07/2020; 5cm ClLiff
Contours of 02/08/2020; Difference Map between 31/07/2020
and 02/08/2020 where the dark pink/orange colours indicate
areas of cliff / scree loss which appears to correspond with the
difference in shape of the red and blue contours.

5. CONCLUSION

The results obtained in this chapter show the close-range UAV
photogrammetry and the three-stage analysis procedure can
detect a lem change on the beach using the free and open-
source QGIS software (Eboigbe, 2021). The cost implication
would be less than £350 at the first instance of purchasing the
drone and less than £50 (transportation to the site) for other
surveys. This procedure has not dismissed the use of the
traditional LiDAR or aerial images for beach modelling and
monitoring but rather improved on the use of LiDAR, aerial
images together with the close-range digital photogrammetry
for higher resolution images and accurate spatial and spectral
resolution (Eboigbe 2021). The spatial analyses of the zoomed
area of Figures 16 -20 at the different viewpoints and scales
improve the confidence level of the hillshading and contour of
that particular section (Eboigbe, 2021). Spatial analysis of the
beach at different scales provides a repetitive beach topography
measurement quality (Casella et al, 2020). On its own, it is not
possible to obtain the LiDAR datasets at such different scales
and with such spectral accuracy. All analyses performed were
using the open-source QGIS shows the reliability of the free-
to-use GIS software. Figures 10 - 14, 16 — 25 shows that QGIS
is excellent in creating accurate 3D models and maps for
coastal morphology and visualization. Elevation profiles have
been created from the elevation profile plugins. For more
interactive and advanced spatial analysis, 3D maps can be
created from python based plugins (Eboigbe, 2017). The
procedure are enumerated in carrying out the spatial analysis in
the QGIS,

shape of the cliff which is not easily discernible from the
orthophotos themselves. The difference map supports these
areas of change on the cliff surface. This result is an
interesting by-product of such a microscale analysis of very
high-resolution data.

G
therefore, becomes a standard for beach monitoring. The

contribution to knowledge, therefore, is that technically there is
the LiDAR and aerial images at the regional scale, open source
QGIS with improved methodology ‘the three-stage analysis’
for accurate spatial analysis and low-cost viability for coastal
monitoring
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