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Abstract: Video camera systems have been used over nearly three decades to monitor coastal

dynamics. They facilitate a high-frequency analysis of spatiotemporal shoreline mobility. Video

camera usage to measure beach intertidal profile evolution has not been standardized globally and

the capacity to obtain accurate results requires authentication using various techniques. Applications

are mostly site specific due to differences in installation. The present study examines the accuracy of

intertidal topographic data derived from a video camera system compared to data acquired with

unmanned aerial vehicle (UAV, or drone) surveys of a reflective beach. Using one year of 15-min

video data and one year of monthly UAV observations, the intertidal profile shows a good agreement.

Underestimations of intertidal profile elevations by the camera-based method are possibly linked to

the camera view angle, rectification and gaps in data. The resolution of the video-derived intertidal

topographic profiles confirmed, however, the suitability of the method in providing beach mobility

surveys matching those required for a quantitative analysis of nearshore changes. Beach slopes were

found to vary between 0.1 and 0.7, with a steep slope in May to July 2018 and a gentle slope in

December 2018. Large but short-scale beach variations occurred between August 2018 and October

2018 and corresponded to relatively high wave events. In one year, this dynamic beach lost 7 m. At this

rate, and as also observed at other beaches nearby, important coastal facilities and infrastructure will

be prone to erosion. The data suggest that a low-cost shore-based camera, particularly when used in

a network along the coast, can produce profile data for effective coastal management in West Africa

and elsewhere.

Keywords: intertidal morphology; shoreline change; beach profile; video camera; UAV; coastal

management; Dzita

1. Introduction

One general purpose of coastal geomorphological research relates to the development of methods

for the consistent estimation of medium-term (order of years) to long-term (decades) nearshore

morphology [1]. Preferably, with suitable hydrodynamic forcing and sediment data, these methods
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should permit prediction of the behavior of the shoreline and the nearshore topo-bathymetry over time.

Furthermore, the effectiveness of these methods would mostly be site specific due to differences in

wave and sediment conditions. If structural features or nourishment with sand were situated along the

shoreline [2], a more complex method would be required to compute the effectiveness and influences

of such modifications within the desired period of time.

Quality data are required for effective coastal evolution studies. For instance, from a laboratory

basin or wave flume tank [3], a physical model of a beach profile can be developed. Typically,

the prototype is merely scaled down geometrically, by multiplying all the dimensions by a given

fraction, in order to generate results in the model scale. Nonetheless, determining the complete values

conforming to the model outcomes is challenging, partly due to the difficulties of scaling from the

laboratory level to the real world, and partially because of the utilization of a wave climate different

from that occurring in nature. Beach morphological surveys along the coast of Ghana, West Africa

and other coastal areas of the world have always been accomplished through in-situ and topographic

measurements using real-time kinematic differential Global Positioning Systems (GPS) [4–6]. In relation

to both space and time, these surveys are intermittent, and the area covered is often small. Besides,

in-situ measurements are relatively expensive, and this, therefore, can have a limiting effect on the

frequency of surveys.

The dynamic nature of beaches requires high temporal resolution monitoring to appreciate the

physical processes that drive change in support of coastal management. This makes video monitoring

techniques [7–10] a more reliable option, with advances in the use of this technique over the last

decades. One of the products from the video technique, time-averaged images, gives the required

resolution to monitor features, such as the shoreline and nearshore intertidal bathymetry [11,12], among

others. The application of the video camera system is not standardized, and installation procedures are

generally site specific. Despite decades of implementation of the method, first in developed countries,

and then less developed countries, there are no standards regarding the altitudinal deployment

of camera systems, which are invariably mounted at different elevations (e.g., [13,14]). Based on

the elevation and orientation of the camera to the beach, there are variations between the camera

observation and the actual target. Currently, camera systems therefore need to be used alongside

additional tools in order to attain a high video potential.

The use of camera systems for monitoring beaches is relatively new in the West African region,

and, to our knowledge, has been implemented on only seven different beaches in four countries:

Benin [14,15] and Ghana [16,17], with recent deployments in Senegal and Cameroon. These camera

systems have served as important sources of data for monitoring coastal erosion [15,18]. However,

significant improvement is required for most of the products generated. The citation of the local sites is

to emphasize the use of Video Camera Systems (VCS) in the region and the need for a regional network

for coastal monitoring.

At the same time, small manned aerial vehicles (MAVs), and increasingly, unmanned aerial

vehicles (UAVs, also called drones), which also carry cameras, and which are more affordable and easier

to run, have become a popular option, with the main products being orthophotos and Digital Elevation

Models (DEMs) [19,20]. Aerial vehicles cover larger areas than site-located video cameras but may not

be able to provide the very fine temporal resolution accessible with the video technique (see Table 1

for a detailed comparison). Studies have shown that DEMs generated using data from these vehicles

are capable of producing vertical accuracies less than 10 cm [21], enabling access to fine-scale beach

morphological changes and bathymetry [22]. Orthophotos from these surveys can achieve very high

resolution, enabling the study of features, such as beach cusps, as well as the monitoring of intertidal

dynamics, among others [23–25]. This high level of resolution is not only good for most engineering

projects [26] but could also be used to correct video camera data. The video system implementation is

quite different from the UAV-based system for various reasons (Table 1). However, a complimentary

application of the two methods will take advantage of the high-frequency data turnout from video and

accurate DEMs and orthophotos from unmanned aerial vehicle (UAV).
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Table 1. Comparison of video camera (VCS) and UAV-based system.

Item VCS UAV

Longshore coverage <1 km >1 km
Temporal resolution Minutes Days

Elevation above ground Max 50 m Can exceed 120 m
Orientation to shoreline Oblique Dynamic
Intrinsic error analysis No GPS system In-built GPS system

Accuracy ≈ 1 m <10 cm
Cost <$1500 >$2000

Risk to user Safe Spinning blades
Remote use Not secured Secured

Power Connected to power grid Runs on batteries
Processing time Low (light image) High (dense map)

Rectification of images Automatic Manual

In this study, the main objective was to quantify beach topo-bathymetric evolution from a

video-camera technique and from data generated by UAV, and compare the performance and

complementarities of the two techniques. This information, which is highly relevant for local

policy initiatives, is discussed in the context of the improvement of coastal management strategies.

2. Study Area

Dzita beach is located on the eastern coast of Ghana. It is oriented west–east and is about 6 km

long. This sandy beach lies ca. 10 km to the east of the Volta river delta, which is one of the largest

deltas in West Africa. Adjacent beaches to Dzita beach, including Atorkor and Ada Foah, are both

protected with a combination of rock groins and revetments to combat strong erosion, despite the

proximity of the mouth of the Volta river, associated with one of the largest deltas in West Africa.

The continental shelf off Dzita is narrow (~25–35 km), limited by east–west offsetting by the Romanche

fracture zone, a left-lateral transform fault. The Volta delta developed in a large salient trap created by

left-lateral offsetting of the coast and continental shelf of Ghana, probably by the Romanche fracture

zone [27], a major fracture zone impinging on the Bight of Benin shelf [28]. The wave setting along

the coastline is the cyclone- and storm-free West Coast Swell Environment as defined by [29], and the

prevailing swells are moderate to high energy (H = 1.36 m), long period (T = 9.6 s) southwesterly swells

from the Atlantic [30]. Waves are highest during the boreal summer (June to October). Tides impacting

on the coast are semi-diurnal, with a mean range of around 1 m. The mean spring tidal range is about

1.95 m [27]. The longshore sediment drift on this coast is from west to east.

Dzita beach has previously been reported to be eroding. Residents living close to the beach

not only complain about regular erosion but also storm surge flooding of their houses. Historically,

there has been moderate erosion at the frontage of the eastern beaches of Ghana, including Dzita

beach, due to the loss of littoral sediment into the Keta lagoon inlet [31,32]. A shortage of sand-sized

bedload supplied to the coast through the main Volta river channel downstream of the Akosombo

dam, built between 1961 and 1965, has been highlighted in a number of studies [32–34]. The authors

of [32] reported the following rates of shoreline retreat in Keta (Figure 1): 4 m/year 1923 and 1949;

6 m/year between 1959 and 1975; with a net increase after 1964 to between 8 and 10 m/year following

the construction of the Akosombo dam. The authors of [4] reported a rise in the mean erosion rate

downdrift of the sea defense system of Keta to 17.00 ± 0.3 m/year, following the construction of the

seven groin ripraps designed to block longshore transport. The authors of [34] emphasized the fast

erosion now affecting this part of the Volta delta coast.
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Figure 1. Location of the Dzita study site, with Ghana in the inset. Indicated in yellow is Tema, where

the tidal substation is located.

3. Materials and Methods

3.1. Camera Video Data Collection

A video camera with a 180◦ field of view was mounted on a 13-m-high pole (Figure 2a) erected on

the backshore of the beach in April 2018. The camera was mounted and inclined towards the beach at

an angle of about 20◦ to the north to allow imaging of the beach and the surf zone. The spatial coverage

of the camera was about 1 km in the across shore direction and 2 km in the alongshore direction,

and it was set to record during daylight hours at 2 Hz. The processed beach area on each image was

approximately 250 m wide.

Three different types of images were created every 15 min. These are snapshot (Figure 2b),

time exposure or timex (Figure 2c), and timestack (Figure 2d) images. The timex image is an average

of snapshot images [8] of each 15-min set of snapshots with a 7552 × 1416-pixel length. A timestack

image is obtained by stacking a single cross-shore profile for 15-min snapshots of a region of interest

to obtain an image. Note that the cross-shore length of the timestack image is different from the

cross-shore length of the instant and timex images because only a region of interest (that covers portions

of the beach and water) is captured to create the timestack. Timestack images are commonly used for

the purposes of wave parameter estimation due to the visible features of breaking waves. Over 11

months of 15-min image data were collected, though these included several data gaps due to camera

malfunction periods.
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Figure 2. Data from video camera and image characteristics: (a) camera installation; (b) instant image;

(c) timex image; (d) timestack; (e) Ground control points (GCPs) to be used for georeferencing shoreline

data from pixel to metric coordinates.

3.2. Orthophoto and DEM Generation from UAV Photogrammetry

Monthly beach UAV flights were carried out on 1 km of the beach using a DJI Phantom 4 Pro

drone through a period of one year. Flights were taken at an elevation of 70 m above ground level

overlooking the beach. Maximum flight speed was 5 m/s and the total number of transects on each

flight path was 30. Prior to the surveys, eight ground control points (GCPs), as seen in Figure 3 (lower

panel), were established on the beach and synchronized to the national grid using RTK-DGPS, and used

in rectifying the drone imagery [17]. The flights spanned from May 2018 to May 2019 with 10 flights,

and a flight per month except for July 2018 and February 2019 when technical problems led to flight

cancellations. Flight times, tides and wave height conditions during each day of flight are presented

in Table 2. The tidal range is higher than the wave height variation observed at the study site. It is

important to note that neap tides could occur at night and this could influence the tide value at the

time of flights as indicated in Table 2. An average of 215 images were taken during each flight time.

These images were manually filtered to remove blurred or overexposed ones, as well as those that

filmed the landing gear of the drone as a consequence of strong winds.
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Figure 3. Upper panel: An orthophoto built from 215 images showing three profile locations. 
Figure 3. Upper panel: An orthophoto built from 215 images showing three profile locations.

Topography is extracted from profile 1. Lower panel: GCP locations on the beach for each flight.

Table 2. UAV Flight times, tides and hydrodynamic conditions.

Date of Survey Tide at Time of Flight Max. Tide (m) Min. Tide (m) Max. Hs (m) Min. Hs (m)

29/05/2018 0.40 1.39 0.10 2.20 1.92
28/06/2018 0.77 1.32 0.09 1.85 1.68
07/08/2018 1.29 1.30 0.26 2.40 2.21
07/09/2018 1.07 1.39 0.12 2.00 1.68
04/10/2018 1.20 1.26 0.37 1.32 1.17
08/11/2018 0.19 1.59 0.16 1.52 1.42
11/12/2018 0.29 1.38 0.28 1.72 1.60
07/01/2019 0.27 1.45 0.21 1.65 1.45
01/03/2019 0.77 1.16 0.51 1.22 0.98

Three-dimensional (3-D) scene reconstruction was performed using the method of

structure-from-motion (SfM) [35] and multi-view stereo (MVS) algorithms [36] and implemented

in Agisoft Photoscan software [37]. The SfM analysis involves image realignment [38], where

matching features that are resilient to changes in image scaling and rotation and partially invariant to

illumination conditions and the camera viewpoint are identified in each image [24]. Subsequently, the

identified features are bundle adjusted to reconstruct a 3-D sparse point cloud. The resulting sparse

cloud is then densified through clustering using multi-view stereopsis [35,39] and used to build an

orthophoto (Figure 3) and a digital elevation model (DEM). The DEM is classified to extract, as much

as possible, only bare ground, and excludes artificial objects on the beach (including fishing boats and

buildings). A standard DEM of difference (DoD) approach was used to assess intertidal morphological

variations [40]. The DoD was generated by subtracting the earlier DEM from a newer DEM given as:

∆DEM = k2 − k1, (1)

where ‘∆DEM’ is the DoD, k2 is the recent DEM, and k1 is the older DEM.

The profiles of the beach were extracted from the lower foreshore to the berm crest (Figure 3).

The profile evolution from the berm crest to the lower foreshore was estimated for each month to reveal
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the total beach profile variation. To estimate the horizontal shoreline mobility, alongshore shoreline

locations were manually digitized from each of the orthophotos in ARCGIS. The high watermark

(HWM) [41] was adopted as the shoreline proxy for the shoreline position in order to be consistent with

the marker used for shoreline analyses in the region [4–6,17]. The variations of the monthly shoreline

locations were then determined.

4. Results

4.1. VCS Shorelines, Hydrodynamic, and Tide Data

A single profile was extracted from each timex image between pixel points P1 (3402, 38) and P2

(3298, 1315). These profiles were then stacked to form another timestack as presented in Figure 4.

The authors of [13] have shown that beach sand displays high red coloration (R) and low green (G)

pigments, thus yielding a high ratio of R to G, while water pixels display strong green-channel values

than low red values nearshore and yield a low ratio of R to G. In Figure 4, the ratio of R to G is

computed for all pixels. These low and high ratio values of R to G mark water and beach across shore,

based on some bimodal distribution [13]. The local minimum of this distribution curve represents the

transition between water and beach, that is, the shoreline. In other words, the shoreline is represented

by the time-averaged waterline where the ratio is unity. In Figure 4, the automatically delineated

shoreline location is shown (black line) based on the ratios. These data were converted to metric values

by geo-referencing with six GCPs collected around the stack pixel location [13]. To improve accuracy,

where the ratio is below 0.98 or greater than 1.1, no shoreline was extracted.

 

Figure 4. Time stack image from timex images. The black line represents the shoreline location. The

arrow points towards the sea from the beach.

Figure 5 shows the hydrodynamic and shoreline data covering the study period. Monthly

shoreline locations extracted from VCS ranged from 0 to 15 m (Figure 5a) while hourly shoreline

locations reached a maximum value of 40 m off the camera location. Shoreline positions show recession

in the austral winter (June to October) and advance in the boreal summer (October to March). Similarly,

monthly shorelines extracted from UAV show recession of up to about 9 m and accretion of up to

about 15 m over the period. Hourly significant wave heights (Figure 5b) and peak wave periods

(Figure 5c) were extracted from ERA5 [42] for the shoreline location of Ghana. Hindcast wave data,

including offshore significant wave height, Hs, direction, and peak period, Tp, were obtained from

ERA5 global reanalysis [43] between latitudes 1.5◦ n and 7◦ n and longitudes 1◦ W and 2◦ E. ERA5 is

the fifth-generation atmospheric reanalyses of the global climate produced by the European Centre

for Medium-Range Weather Forecasts, which has added different characteristics to a previous model,

ERA-Interim. The ERA5 data released so far cover the period from January 1 1979 to near real time.
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The ERA5 that is being developed through the Copernicus Climate Change Service (C3S) has improved

the spatio-temporal resolution to hourly time intervals and the horizontal resolution to 31 km, with 137

levels up to 0.01 hPa. A number of gridded variables are available under ERA5, but for this current

paper, we used Hs and (Tp) for the period of May 2018 to May 2019. Data are open access and free to

download for all uses.

resolution to 31 km with 137 levels up to 0.01 hPa. 

 

Figure 5. (a) Alongshore-averaged shoreline positions (Y); (b) significant wave height (Hs); (c) peak

period (Tp); (d) 15-min tide values (water levels) with daily tide range overlain. Shaded areas represent

the variation/standard deviation of data.

In addition, astronomical tides (Figure 5d) were obtained from the WXtide32 prediction

program [44]. The WXTide32 program predicts tides from 1970 through to 2037, for more than

9500 tide gauge stations worldwide. In Ghana, the main tide station is located at Takoradi, which is

over 300 km west of Dzita. Therefore, because there is no tide gauge at Dzita and in order to reduce

lags in the tide variation, the tidal subordinate/substation at Tema (marked in Figure 1), which is about

80 km from Dzita, was used as the reference point. Tide data were downloaded at 15-min intervals i.e.,

at the same interval as video shoreline data (Figure 5a). Tidal amplitudes extracted from the WXTide32

program vary from 0 to 1.7 m (Figure 5d) while the mean tide range during this period is 1.1 m.

4.2. UAV Data

DEMs and orthophotos generated from UAV data covered approximately 1 km long alongshore,

and fully covered the same part of the ca. 80 m wide open beach in the cross-shore direction in each

campaign. The VCS camera was located in the center of the covered section. The DEM resolution

was 7.5 cm for most campaigns, and 12 cm for April, May, and June 2019. Maximum (minimum)

uncertainties in the height (Z) and position (combined XY) were 18.9 (0.8) and 45.9 (6.9) cm respectively,

as calculated from the Photoscan standard protocol (for ground control points). During all campaigns,

fore-shore (intertidal) slope and beach berm are prominently visible in the data.
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4.3. Comparative Shoreline Locations from VCS and UAV Data

Alongshore-averaged shoreline locations (Y) extracted from the UAV orthophotos over the 1 km

of the surveyed area and VCS timex images are presented in Figure 6a. Lower shoreline locations

represent a recession of the shoreline. Larger values are farther seaward, representing significant

beach accretion. In the VCS data, the intertidal shoreline locations vary from 4 to 12 m (Figure 6) over

all the months. Similarly, monthly shoreline locations extracted from UAV show variations ranging

between 7 and 17 m over the period. The lower shoreline locations represent recession of the shoreline.

The correlation coefficient, r, is 0.73 between monthly VCS shoreline locations and UAV shoreline

locations (Figure 6b). The UAV shorelines correlate with the VCS shoreline positions, with an R2 of 0.50.

A slight deviation from the 1:1 line was observed. The VCS shoreline locations are overestimated during

shoreline recession and underestimated during shoreline advance. A shoreline length difference of

about 3.5 m is observed throughout the period of study between the two methods. This is probably due

to the resolution in the VCS data estimation. Both VCS and UAV data are influenced by wave-induced

set up but the total error in the VCS data also includes resolution based on rectification, water level

variation and camera height. The cross-shore resolution (or error) after rectification was estimated as

1.5 m due to camera location while the overall horizontal error induced by tidal variation is 1.75 m.

This additional error of about of 3 m prevails through all the months for UAV vs. VCS shoreline

locations (Y).

 

Figure 6. (a) Monthly alongshore-averaged shoreline location Y extracted in the study period for both

UAV and VCS; (b) correlation between UAV Y data and VCS Y data.
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4.4. Erosion Rates

The data show that the months of September to October 2019, as in Figure 5a, were characterized

by larger erosion than the other months in the year. Using the data presented in Figure 5a, the

rates of shoreline change were estimated from the VCS data from May 2018 to March 2019. The

shoreline recession attained a maximum daily value of 25 m during the observation period while

the beach advance reached 12 m. Erosion rates were estimated from the VCS shoreline location

by using the end point rates where the changes in shoreline between consecutive periods (month

to month) were computed. Anticipated coastal erosion can be estimated over some definite time

in various ways (e.g., end point rate and linear regression), but this is always subject to ambiguity

because of measurement errors, and shortages in the models used to assess historical shoreline position

data. The end point rate method uses only two data points—the difference between the earliest and

most recent shoreline positions—to yield the change rate [45]. The shorelines used here were that

of consecutive months. Shoreline change (∆Y) rates for VCS shorelines range from –3 m/month to

7 m/month (Figure 7).

—
—

(∆Y –

∆Y 

 

Figure 7. Correlation between the shoreline positional changes (∆Y) of VCS and the UAV for 

–

Figure 7. Correlation between the shoreline positional changes (∆Y) of VCS and the UAV for

each consecutive monthly measurement. Negative values mean erosion while positive values

represent accretion.

Figure 7 presents a scatter plot of the shoreline change rates per month estimated using the end

point rate method [45]. The correlation coefficient, r, between the shoreline change rates per month

for the VCS and UAV results (Figure 7) is 0.55, which is moderately satisfactory. The ∆Y for VCS are

always overestimated. Deviation from the 1:1 line was observed. The slope (=0.31) indicates that the

regression line is gentler than the 1:1 ideal regression line. Overall, the estimates for the VCS shoreline

change rates is in the same range as the UAV, but high deviations are observed during erosive periods

than during accretion periods.
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On the other hand, the monthly shoreline analysis from the UAV data show that erosion dominated

the entire shoreline (Figure 8), with rates reaching as high as 1 to 4 m over the study year at some

locations on the beach. The highest shoreline erosion was observed during the May–August, 2018

period. The May–August, 2018 period corresponds to the high wave-energy season at this beach.

The rates of erosion are observed to decrease afterwards with some accretions, except for the period

December 2018–March 2019. In addition, Figure 8 shows that the rates were generally lower downdrift

(eastward), which is consistent with the sediment transport direction. The rates of cross-shore shoreline

change estimated from the UAV data are provided in Table 3. Erosion or accretion values were

computed based on two-dimensional horizontal oscillation of the shoreline position between two

consecutive months while volume changes relate to the quantity of sediment loss from the foreshore or

intertidal zone. The results suggest that the shoreline could experience larger erosion over a full month

while sediment that is being eroded is deposited as a low-tide berm due to longshore drift or cross-shore

currents [17]. This is what is indicated in the first row of Table 3. The recession of the shoreline

could be related to overtopping of the low-tide berm by breaking waves while in essence sediment

is accumulating on the lower foreshore. This was not evident in one period only; it was observed

in May–August 2018 and December 2018–March 2019, periods during which the shoreline did not

experience accretion, yet sediment accumulation was observed on the foreshore surface. The erosion

rates calculated over three-month intervals ranged from 1 to about 8 m. Despite intermittent accretion

of the beach, from May 2018 to May 2019, the shoreline was characterized by erosion to the tune of

about 7 m over the year. Sediment volume losses (Table 3) reached a peak between the months of

August and October 2018 whereas the highest deposition/accretion was observed between December

2018 and March 2019.

–

–

– –

 

–
–

–
–
–

Figure 8. Alongshore shoreline change rates derived from UAV data overlain on an orthophoto. Thick

horizontal arrows indicate the drift direction from west to east along the beach.

Table 3. Shoreline change rates and sediment volume variations over the study period from the

UAV data.

Period
Shoreline

Retreat (m)
Shoreline

Accretion (m)
Volume Loss
(×1000 m3)

Volume Gain
(×1000 m3)

Beach Slope

May 2018–Aug 2018 8.27 0.00 0.89 5.80 0.30
Aug 2018–Oct 2018 2.17 5.80 26.85 1.69 0.50
Oct 2018–Dec 2018 1.00 4.45 3.58 5.50 0.10
Dec 2018–Mar 2019 6.73 0.00 0.68 25.88 0.13
Mar 2019–May 2019 2.35 1.58 0.62 9.81 0.20

NET (Full year changes) 7.16 0.38 0.17 11.97 0.25
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4.5. Beach Volume Changes

The DEM of difference (DoD) between some of the months during the study period is presented

in Figure 9. The figure highlights sand redistribution from the berm crest to the lower foreshore.

There is no significant difference between May 2018 and June 2018 (Figure 9), months characterized by

moderate wave forcing [16]. From August to October 2018, about 26,850 m3 of sediment was eroded

compared to only 1690 m3 of deposition. Figure 9 shows a significant accumulation on the lower

foreshore from August to September 2018, possibly reflecting the translocation of sand eroded from the

berm crest. From October to December 2018, deposition (3600 m3) and erosion (5500 m3) were more or

less balanced on both the lower foreshore and berm crest (Figure 9). Figure 9 shows that by March 2019,

there had been significant sediment accumulation, with the sand distributed over the entire beach.

 

Figure 9. Sediment deposition on the intertidal beach from seasonal DEM of Difference (DoD) for four

intervals from May 2018 to March 2019.

4.6. Intertidal Profile Characteristics from VCS and UAV Data

Using several shoreline locations of consecutive video camera images from each month, beach

profiles and slopes were determined using linear interpolation and regression of the tide elevations

and shoreline locations along a selected intertidal cross-shore distance. On each video image, the

shoreline location is rectified to Cartesian coordinates with RTK-GPS GCPs, and water level elevations

are extracted at the same time at 15-min intervals. The VCS beach profile at each time is computed by

linear interpolation of cross-shore location, corresponding tide value, and regular cross-shore distance

with increments at 0.25 m. Full cross-shore distance is defined here as the horizontal distance between

the highest water line (high tide) and lowest water line (lowest tide). In this study, a maximum

cross-shore distance of 40 m was obtained with respect to the high-water line for all the images. Beach

slopes were estimated by regressing the tide elevation with the cross-shore shoreline location.

Beach profiles have been determined using various methods [1,20,22,23]; however, this study is

one of the first to combine two complementary methods in order to estimate beach profile variations.

The intertidal profiles extracted from the UAV DEMs vs. profiles estimated from VCS are plotted

in Figure 10. Individual months from May 2018 to March 2019 are presented. There is an obvious

discrepancy in magnitudes of the elevations where profile elevations of the UAV are larger than

those of the VCS. The difference in profile elevations between the VCS and UAV suggests that the

former is incapable of accurately determining profile elevations. The differences between the two

techniques have been outlined in Table 1; the deviations in results are probably due to the tide variation,

wave-induced set up, camera oblique view, and view resolution of the VCS. During the rectification
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of VCS data, the elevation, z, coordinate in the ground control points (GCPs) is considered constant,

and denoted zero, and this could affect the horizontal shoreline distance, which is subsequently used to

retrieve the profile elevations. The error associated with the VCS profile elevations due to the shoreline

locations (Y) in Figure 6 and the beach slopes in Table 3 as estimated in this study ranges from 1.4 m to

4.6 m. This is revealed in the discrepancies between UAV vs. VCS profiles. Topography derived from

UAV photogrammetry is commonly associated with small errors in relative height [23,25]. The average

error estimated on DGPS GCPs is approximately 0.25 m. Using the reporting tool in the processing

software of photoscan to propagate errors (UAV altitude, image overlap, number of GCPs, etc.) in

this study, the uncertainties in the topographic height (z) generated are 0.19 (0.008) m for maximum

(minimum), respectively. This is consistent with [25] who found that DJI Phantom 4 gives substantially

more accurate model values with a root-mean-square vertical error of 0.05 m. This is small compared to

the values obtained for VCS uncertainties. In addition, UAV profiles are directly measured from DEM

while VCS profiles are indirectly extracted from a combination of procedures. All profile elevations

from UAV range between 0 and 5 m, whereas profiles obtained from VCS range from 0 to 1 m. Further,

VCS sets of data are sensitive to profile location; by changing the profile direction or location the

correlation with UAV becomes better. As observed in Figure 10, the relation between the two profiles is

consistent. This relation is stronger than profiles taken away from the camera location, despite the fact

that UAV data were taken at single tide values (at low tides) with a minimal error. UAV data at very

low tides ensures wide profile detection because the method fails in the water column. The challenge

is, however, that low tides do occur sometimes in the night and UAV data may be obtained at mid-tide

during the day (Table 2); furthermore, sometimes, technical issues would result in the missing of low

tide windows. Our data are moderately correlated between monthly profiles of the UAV and the VCS

data on the berm crest in relation to the alongshore-averaged shoreline locations while the correlation

is low further away in the lower part of the intertidal profile. No relation was observed in January

2019 between the VCS and UAV. The difference between the two sets of profiles is estimated with a

root mean square error of 0.8 m.

On a daily basis, the data indicate a VCS profile variation of between 0.2 and 1.5 m, but there is a

considerable decrease in elevation after the averaging into monthly profiles. Beach slopes estimated

from the VCS system showed that except for August and September 2018 when beach profiles were the

steepest, with slopes of 0.6 and 0.8, respectively, slopes generally varied between 0 and 0.3. The gentle

period of the beach was observed from December 2018 to February 2019, with beach slopes of 0.07,

0.07, and 0.18, respectively. The beach slopes estimated from the UAV DEM profiles range from 0.1

(5.8◦) to 0.36 (19◦). The average beach slope determined for VCS and UAV is 0.20 (11.3◦). These slope

values are characteristic of the highly-reflective West African beaches [46,47] with a highly contrasting

rainfall regime, especially in the dry season months when the beach water table is low and the wave

regime mild. West Africa has, on average, steep slopes, which can be attributed to the swell dominated

wave climate along the coast [48]. In addition, the beach slopes were detected for the intertidal zone

that has continuous dynamics. The beach slopes observed here are consistent with other beaches in the

Bight of Benin, e.g., slope values at Grand-Popo [15,47].

The averaged profile evolution of the VCS and UAV systems during the entire study period

portray a VCS and UAV profile intersection on a cross-shoreline location of about 6 m (Figure 11). It is of

interest to note that at this location, the upper limits of the standard deviation switched, becoming the

lower limits indicating the presence of a beach feature such as the accumulation of sand into a sandbar.

The data shows a significant overestimation by the VCS in the nearshore, and underestimation seaward.
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Figure 10. Beach profile elevations h from UAV (solid lines) and VCS (dotted line): (a) May 2018; (b)

June 2018; (c) August 2018; (d) September 2018; (e) October 2018; (f) November 2018; (g) December

2018; (h) January 2019; and (i) March 2018.

 

Figure 11. Averaged cross-shore beach profile elevations h for VCS and UAV data. Shaded regions

represent the monthly standard deviations.

5. Discussion

Several survey methods can be used for the quantification of nearshore intertidal topography

and bathymetry, including echosounder, Light Detection and Ranging (LiDAR) surveys, satellites,

and UAV and VCS systems. The video camera systems have the ability to capture a large number of

incident waves with multiple frames per second. Due to the duration of the VCS and UAV, errors are

limited to tens of centimeters [49]. One of the high-resolution satellite images, Sentinel1, and more

recently Sentinel2, is characterized by a spatial and temporal resolution of about 10-20 m and 5 days,
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respectively. Given that all the shoreline locations in the current paper are less than 20 m, they are

lower than the satellite data resolution, thus they are poor for all the shoreline location detection.

Wave conditions may not be the predominant controlling factor along this beach [16]; however,

Figure 5 shows the shoreline variation is inversely related to the hydrodynamic conditions. The data

show that increasing wave heights from June to October 2018 correspond to low magnitudes of

shoreline location, which signifies that the shoreline retreats more landward in the austral winter.

It is evident that the data extracted from the VCS technique moderately represent beach conditions.

These data also reveal the beach advances in the austral summer when low wave conditions prevail.

This prevalence of low waves is consistent with conditions along most equatorial to south Atlantic

coasts [50], in contrast to coasts in the north Atlantic and higher latitudes where relatively low wave

heights are observed in summer (June to September 2018).

The cumulative shoreline erosion observed using the VCS method is small (1.5 m/year) compared

to that obtained from the UAV data (7 m/year). The fact that short-scale alongshore variations of the

shoreline and intertidal bathymetry are not well resolved with this technique (Figure 11) suggests

that the VCS profile estimation is possibly influenced by: (1) Gaps in the VCS data; due to power

outages, the video camera was not operational at some points in time and also foggy images were

not utilized; and (2) oblique views of the VCS camera. Figure 11 shows a spatial lag of 2 m in the

cross-shore between the VCS and UAV. This is probably due to the difference in the frequency of the

two data sets collected. UAV data is taken only once a month in comparison to VCS, which is taken

almost every 15 min. Because UAV data is only once a month, short-term variations due to wave

overtopping or tidal surges may not be observed during the survey time. This indicates the relevance

of short-scale studies [51]. The monitoring of foreshore features in medium to high energetic coastal

environments require remote sensing data with specific characteristics [22,23]. Temporal frequency is

a crucial factor, since it can improve the results. A good correlation between VCS and UAV profile

surveys was observed, showing that the proposed approaches can be complementarily used and are

relatively cost effective.

The camera was inclined towards the beach at about 20 degrees and only about 13 m above

ground level in contrast to the UAV, which was flown at 70 m above ground level and perpendicular

to the shoreline. Though shoreline locations were transformed using standard photogrammetric

principles, it is widely assumed that the camera elevation affects the estimated data. Conveniently,

at large ranges from the camera location, short-scale variability is suppressed by the coarsening of

the image pixel resolution [52]. Unless the beach is truly planar, the intertidal profile estimates may

tend to be increasingly uncorrelated to the observed UAV profiles. When faced with this situation,

an obvious way of limiting the error magnitude would be to limit the analysis to images corresponding

to relatively low wave heights [52], which were not considered in this study.

At the current retreat rate (7 m/year), and without any engineering intervention, an estimated

area of 200 m of beach and backshore would be eroded in the next 30 years. The sand deficit affecting

the still natural sandy beach of Dzita, located between the sea defense sector of Atokor and the mouth

of the Volta River, may increase in the future. This rate of erosion has been measured along the eastern

coast of Ghana since 1960 [4,32–34]. One of the main objectives of the Keta Sea Defense was to protect

the major road in the district. Erosion poses an immediate threat to the road linking Anyanui and

Atorkor as well as to other infrastructure, several houses, a school, and a guest house.

The data show that beach slopes are larger down the berm crest, illustrating the reflective (slope

>0.1) character [30] of this erosional beach during austral winter, and a propensity for downslope

transfer of sand removed from this beach face to a gentle lower foreshore, where there is evidence for

accumulation (Figure 9), indicating also a predominantly cross-shore transport mode as suggested

by [17]. In the months of austral summer November 2018 to March 2019, there is a flattening or

reduction in the foreshore steepness. Our data shows farther seaward shoreline locations during

austral summer, which reflects the lowering of the beach slope and sediment gain. Over 25,880 m3 of

sediment is gained in the foreshore from December 2018 to March 2019 (Table 2). The main cause of
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sediment gain is unclear, and the sediment transport related to beach changes may be significantly

affected by the interaction between wave asymmetry and skewness [52].

For a continuous long-term study, it is recommended that a network of video camera system is

used, particularly to document the predominant processes. Video cameras with high resolution will

allow researchers to testify climate change and human impacts in order to improve coastal management

policies and planning. However, for a single-day or short-term study, or for remote sites where it is

challenging to install a camera system, a UAV system is recommended. The two systems can perform

comparatively well if all the intrinsic errors are accounted for within the video camera system.

6. Conclusions

The dynamic nature of beaches requires high temporal resolution monitoring to understand the

physical processes that drive change in support of coastal management. This study examined the

accuracy of intertidal topographic data derived from a video camera system compared to UAV-based

surveys of a reflective beach at Dzita in the Keta District. Using one year of 15-min video input and one

year of monthly UAV observations, the data show good agreement (r > 0.7 0) between the two systems.

Intertidal profile elevations were underestimated by the video system, which was operated with a

camera having a view angle. Beach slopes were found to vary between 0 and 0.7, steeper from May to

July 2018 than in December 2018. Marked beach mobility occurred between August and September

2018, in response to high waves. The data suggest that long-term video measurements could enable the

production of elevation data virtually as accurate as UAV products, thus rendering the video system

an effective tool for coastal managers. From this research, we also conclude that UAVs are efficient

for monitoring remote sites, where installing a camera system permanently, or for single-shot studies,

can be challenging. It is hoped that the research work undertaken here will inform governments in

building some coastal defense systems to protect beaches.
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