Research Proposal – What is the fastest way to assess beach topography change?

Introduction
The high water line is important in coastal management planning as it is considered the boundary which separates land and water (Whittal, 2011). With studies recently showing that by 2100, we can expect mean sea level to rise to up to 1m (Church et al;2013, Nicholls, 2014) and population density being considerably higher in coastal than non coastal areas (Balk et al; 2009, Small, 2003). The rapid, straightforward assessment of this line has never been more important (Brown, 2013). In England and Wales, 30% of the population live within 10km of the coast with £120 billion worth of resources and infrastructure in danger of coastal flooding along with another £10 billion at risk of coastal erosion (de la Vega-Leinert & Nicholls 2008). Given ever growing coastal communities and exceptionally high value of assets at the coast, if best available practice is not implemented in assessing the impacts of climate change the damages can be devastating (Hoggart, et al 2014). The calculation of coastline environment change and related shoreline studies such as beach height measurement are vital to the improvement of appropriate management approaches (Anfuso, 2011) making this research valuable while also addressing a current research gap. This research project intends to collect data over a 3 month period in order to discover if drones and Matterport 3D scanners can improve existing techniques in mapping beach topography.
Why use drones?
The use of UAV’s or ‘drones’ can provide a practical solution for assessing and surveying coastal change with these tools now readily available. Drones allow the collection of multi-temporal data that can then be analyzed to assess the spatial-temporal evolution of erosion and depositional processes (e.g. Casella et al. 2016) Understanding coastal processes is fundamental for appropriate coastal planning and the design and shape of human constructions (Bird 1996; Short and Hogan 1994; Anfuso et al. 2001; Bilskie et al. 2014; Hanley et al. 2014; Rangel-Buitrago et al. 2015). This understanding process could be improved by the use of 3D scanners and drones as they are straightforward, rapid and cost effective in data collection whilst also allowing areas previously inaccessible to be recorded, mitigating some of the disadvantages of existing techniques. 
Who will benefit from this study?
[bookmark: _Hlk66117187][bookmark: _Hlk66117212]Potential users of high water line data are made up of key stakeholders from areas of coastal defence, coastal environmental management, economic exploitation of the intertidal zone, and coastal flood forecasting. A range of techniques for assessing elevation changes in the beach and near-shore zones are now present. There are long-established techniques such as beach profiling using ground survey, bathymetric sounding and airborne stereophotogrammetry, various remote sensing techniques, such as airborne scanning laser altimetry, the satellite-based waterline method, radar interferometry and bathymetry measurement by radar imaging of wave current interaction.
In Wales and England, the creation, enhancement and upholding of defences against flooding is the responsibility of the Environment Agency (EA), while defence against erosion is the responsibility of the Maritime District Councils (MDCs). In the execution of a new defence method, it is probable that a shoreline survey is necessary; this is then built upon by post-construction monitoring. Beach profiling combined with profile analysis to calculate approximate sediment volume fluctuations is seen as a vital part of the development and assessment actions for projects such as beach recharge, barrage construction, groyne construction, beach drainage and managed retreat (Anon. 1993).
Areas at the coast are made up of sites that have biological, geological, geomorphological, landscape or cultural heritage importance, each with particular needs for monitoring. Examples of these sites may be Special Protection Areas (SPAs) and Sites of Special Scientific Interest (SSSIs). The significance of these sites can only be evaluated if beach survey assessment data is collected and analysed.
EIA’s are mandatory on new builds like oil refineries, , holiday villages, power stations and ports. These reports regularly are required to include beach height measurement data and trends. Meticulous surveys are of use in locations of close proximity to commercial ports to provide information essential for dredging operations. A precise understanding of bathymetry in the intertidal zone can also mean enhanced forecast of coastal floods.
This Research Project aims to discover the merits of using drones as a method for assessing beach change, by comparing its use to that of Matterport 3D scanners following data collection undertaken at the high water line at Rhossili Bay on the Gower Peninsular. A literature review of the existing methods of measuring beach change follows the projects research objectives, before the methodology for the project is outlined and expected results and evaluation points mentioned. The hypothesis for this study is that the use of Matterport 3D scanners and drones will be a rapid and accurate method of assessing beach topography change.

Project objectives
· Identify and evaluate existing methods of measuring beach change through a review of the current literature.
· Critically analyse the merits of using drones as a method to measure beach change.
· To compare the use of drones with Matterport 3D scanners as a method of measuring beach change.
· To develop a set of instructions to advise coastal zone managers on the effective use of drones in coastal management practices.

Literature Review
Earth’s coastlines can be generally split into two main sub systems: deltaic coasts and open coasts.  Open coasts which are the subject of this research project are compromised of gravel beaches, cliffed coasts and sandy coasts. Open coasts make up 40% of the worlds coastline (Bird, 1996). These areas are highly utilised by humans across the globe with it estimated that low lying coastal environments make up 2% of the Earth’s land area whilst also supporting 10% of the world’s population (McGranahan, 2007).Coastal environments, specifically beaches are areas which evolve at high speeds; this is driven by the continuous interaction of the topography and transport mechanisms with waves, wind and tidal forcing (Anfuso, 2007). With coastal erosion taking place at 17% of the UK’s coastline it is becoming continuously important to conduct regular, cost effective, rapid topographic assessments on beaches.
In recent years, unmanned aerial based photographs have become a widespread method for conducting topographic assessments (Eisenbeiss, 2009) with this practice being put in place to measure many different environments, notably  tropical and polar regions (Dabski et al.2017; Ryan et al. 2015; Casella et al 2017; Chirayath and Earle 2016). Investigations have also shown that the use of unmanned aerial photogrammetry to be comparable to that of traditional topographic data methods (Mancini et al, 2013) meaning drones are increasingly being looked at as a standardized survey method (Moloney et al, 2018). This was predicted by Gakstatter, 2010 who stated at latest by 2020, anyone with a few hundred pounds will be able to achieve centimetre level accuracy through the use of drones. This was also in line with the findings of van Diggelen et al. (2011) and Rehak et al., (2013). This review next outlines the requirements for beach survey mapping before identifying and then evaluating existing methods that are currently used.
Requirements for beach survey
There are many varying requirements for beach topography mapping tools. For the purpose of this literature review on the existing methods of measuring beach change, a guide to the requirements needed is taken from Mason et al. (2000) where a representative group of users of beach elevation data was identified and asked to bring forth their requirements for beach topography mapping. These requirements are as follows:
Requirements for beach topography mapping instruments by as outlined by users (Mason et al.,2000)
·  Vertical and planimetric accuracy 1cm 
· Winter and summer surveys 
· Annual repeat
· 10 cm vertical accuracy  
· 10-50 cm planimetric accuracy 
·  Cover complete beach/nearshore zone
· Synoptic view (ability to see all the area at one time) 
· Map extent of exposed area
· Monitoring over a long time period (to study stability of exposed area)
·  Monitor changes over as large an area as possible to cover whole coastal cell
·  Height changes identifiable 
· Ability to monitor storm damage
These requirements identified in Mason et al., (2000) have been used as a means of evaluating the advantages and disadvantages of each existing method of assessing beach topography within this report. The use of drones and Matterport 3D scanners will also later be evaluated in line with this along with a more comprehensive review following the collection of data. Next, this paper presents existing methods of measuring beach change, with advantages and disadvantages outlined when looked at in conjunction with the requirements previously noted.
Existing methods of measuring beach change
Ground surveys
Ground surveys are made up of measurements along the shore with transects spaced at equal intervals across the study area. Accretion and erosion are discovered by conducting repeat surveys with set time intervals using traditional surveying methods. These profiles range from the average high water line to the average low water line, an echo sounder attached to a boat may be used to achieve this.  
Advantages 
There is a reliable accuracy of the measurements conducted along the transect with the estimated vertical accuracy according to Gorman (1998) being 5cm. Surveys at all times are possible, meaning repeatability is not an issue while both nearshore and beach zones can be assessed. It is also a simple method where other areas other than height can be measured (beach material).
Disadvantages
Using ground survey as a method in mapping beach topography can mean it is difficult and very labour intensive to cover a large area making it impractical and logistically difficult to survey some field sites. It also only provides a 1D view with no contour map, making the mapping of spatial data tricky. The choice of transect which will accurately represent the beach is also a drawback, while day light hours and tide conditions may also be a problem.

Airborne stereophotogrammertry
This method uses aircraft to survey large study sites in a small time frame. It uses stereoscopic imaging by combining two views of an object which can be acquired by overlaying images from two different aircrafts. An aircraft uses a camera at one position to supply coordinates of a single point on the site to provide a large number of potential object locations using the ray of the camera through the image coordinate. An image coordinate provided by the position the second camera is located at then corresponds to the same single point which defines a second ray that pinpoints the point to a certain position in space (Salma, 1980).
Advantages
This method is incredibly accurate with reference points provided. It allows large study sites and spatial data to be mapped with other measurements than height also able to be taken.
Disadvantages
Good light is needed in combination with good weather in order to gather data, also it may be problematic  to gather data on study sites which are fairly flat and featureless while nearshore beach zones cannot be mapped.
Airborne scanning laser altimetry
LiDAR enables very fast, reliable and accurate elevation mapping (Flood&Gutelius 1997; Gutelius 1998). This method works by measuring both the time of flight and direction of laser pulses sent to the ground and back from the aircraft. It estimates the location of the aircraft by using GPS and then uses it’s navigation system to measure the pitch, roll and heading amounts. A comprehensive height map is created by scanning the laser and recording heights every couple of meters. Huising & Gomes (1998) found the ground which the laser identifies has a planimetric accuracy of ca 1m and vertical height accuracy ca.15cm on beaches. 
Advantages
Spatial data is able to be mapped while large areas can also be assessed with a high coverage rate. Data can also be evaluated rapidly and is simple to understand.  
Disadvantages
Average to good weather is required with no clouds present below the LiDAR. For ground LiDAR which uses tripods, high winds or soft sand can cause inaccuracies as these move slightly as a result of sinking/sliding. 
Airborne interferometry
Airborne interferometry is derived from synchronized imaging that comes from two SAR antennae that are attached to the same aircraft. SAR is synthetic aperture radar and is known as a rapid way pf surveying an area.
Advantages
A synoptic view of a study area that is very large can be easily obtained with the full tidal range recorded. Spatial data can also be gathered as well as data other than just height.
Disadvantages
There is low planimetric and vertical accuracy while mapping of near shore zones is not possible.
Waterline method
This method can only be used in the intertidal zone and simply uses the sea as an altimeter (Collins & Madge 1981; Koopmans & Wng 1995; Mason et al 1995; Ramsey 1995). Using image processing the location of the waterline is assessed by a remotely sensed image. Heights which are then relative to average sea level are then superimposed onto this waterline. Following the use of many images gathered over a number of tidal elevations it becomes possible to create a set of waterlines that are located in the intertidal zone however the accuracy falls as beach slope increases (Mason et al.,2000)
Advantages
This method allows a synoptic view to be gathered over a large area, it is suited to beaches which are wide and flat where correlation lengths are long and in comparison to spatial resolution as well as vertical accuracy being fairly high. Spatial data may be mapped using this method and it can be conducted in all weather conditions all year round. It also provides access to beaches that may be inaccessible to aircraft and can be used in conjunction with historical images to create projections from the past. Furthermore it measures exposure time above water quality with ease through the use of the tide surge model.
Disadvantages
It has a low planimetric accuracy and can only cover the intertidal area.
Bathymetry measurement by SAR imaging of wave current interaction
In the past bathymetric data were gathered using echo sounders on the bases of ships, both time consuming and expensive. Recently, the method draws from satellite remote sensing to add to bathymetric survey in locations that are shallow. When conditions align through light winds and tidal currents which are strong SAR images can highlight bottom topography features of shallow waters (Alpers & Hennings 1984; Hesselmans et al.,1996). This bottom topography data can be collected because of the interaction between current, bottom and sea surface roughness. Computer models can be used to interpret these SAR images.
Advantages
This method has a vertical accuracy which is very high as well as allowing the mapping of spatial data and a synoptic view able to be recorded over a large study area. It can also be conducted all year round and rapidly after storm damage.
Disadvantages
This method has a low planimetric accuracy and the gathering of data above the high water mark is not possible.
Satellite interferometry
This method is dependant on gathering two SAR images at short time intervals, there also needs to be little change in the location of the antennas during the SAR image acquirement (Massonnet 1997; Henderson & Lewis 1998). This information is then analysed in order to measure varying heights. If the full tidal range is needed to be recorded, images would have to be gathered at the lowest tidal state. Previous research has shown that it is difficult to obtain data over sandy areas as there can be a loss of coherence present between the two images in terms of pixels as different beach drying conditions are present, with wet sand different in radiometric response to dry sand (Mason etal.1995). Height accuracy can only be guaranteed to a few meters however a third image is often required to assess changes in height to the accuracy of centimetres through the use of differential interferometry.
Advantages
A synoptic view can be gathered over a very large study area while spatial data can also be mapped. Changes on the beach other than height can also be measured.
Disadvantages
There is both low planimetric and vertical accuracy and it may be improbable to gather data over areas of sand. It is also difficult to assess the full tidal range and is unable to record the near-shore zone.
Optical satellite data
Data gathered from optical satellites can be collated to create DEM using the waterline method as well as interpreting stereopairs (Tateishi & Akutsu 1992; Koopmans & Wang 1995). In clear waters, probably unlikely on the UK coast it is also possible to estimate water depths near shore from tidal images (Bierwirth et al.1993).
Advantages
The use of satellite data allows a large study area to be recorded nd aptaial data to be mapped. It also allows for other data than height to be gathered with underwater depths able to be collected if conditions allow.
Disadvantages
There is low planimetric and vertical accuracy with this method while cloud coverage can also be a problem. Due to orbit times, it is also difficult to gather data on the full tidal range.
Overall it is seen that when these methods are compared with the requirements outlined by Mason et al (2000) that airborne stereo appears to be the method with the most promise due to its ability to cover large areas whilst making sure accuracy and precision is maintained to a high standard. LiDAR also shows up well for the same reasons. It does not mean to say these methods are without their drawbacks and it is both recognized and accepted that different conditions and applications will favour different methods. This selection is seen to depend on the aims of the investigation, the surface scale needed for the field research, the time scale that is needed to be measured/ time available, cost and the availability of researchers able to assist in data collection. Following the review of these methods, it is shown that a gap exists for drones to improve the measuring of beach change by meeting the requirements outlined with fewer drawbacks and more merits than the existing methods can boast. It is the purpose of this study to prove that this new technology can add to these existing methods and improve the process of measuring beach topography. Next, this proposal outlines the research’s study area and methodology that will help the projects achieve its research objectives.
Study area
· The study area is located at the Northern end of the 3km Rhossili Bay on the Gower peninsular, where a 120m transect along the HWL will be flown and recorded using the drone models 4k camera.
· Flight times will be carefully planned to avoid high tides with drone apps used to ensure the same repeated accuracy of flight path.
· Use an Apple watch/phone app to give exact latitude and longitude start point of transect, direct drone to start here and fly North for 120m. 

Methodology
For this research project I will use Matterport pro 2 3D scanners, which use depth data and sensors to capture and showcase areas to scan the 120m transect at the HWL at the Northern end of Rhossili Bay. The data will get uploaded to a cloud hosting service called my Matterport with a measurement tool accuracy of 0.01. It uses 9 sensors, cameras and lenses, to rotate on a tripod taking a series of 9 photos per scan. After each scan I will move the camera 2-3 metres along the study area, these are the meshes we create before stitching them together on my Matterport to give the 3D data. One scan of the study area will be done prior to the use of the drones, and one scan following the gathering of drone data. This data can then be compared to the data which the drone gathers. Following the first scan of the transect using the Matterport 3D scanners, I will a Fly DJI Mini 2 Fly More Combo drone over the same 120m flight path transect at 50m altitude on a daily basis for an 8 week time period. I will use a drone mapping app to ensure the same flight path is recorded each day. Following this data collection I plan to overlay all the videos on top of each other using adobe premier or imovie. This will allow the creation of models to see change. I also plan to colour code the differences in beach height measurement using the overlaid videos and/or input the exact height data into excel spreadsheet in order for it to be manipulated and analysed – mean HWL, beach profile, surface elevation change, net volume change for each cell etc.
Limitations to this may be adverse weather conditions meaning the technology cannot be used. Weather forecasting apps will be used so as to best avoid these conditions and high tide. It is hoped there will be windows of opportunity each day where data is able to be collected however it is accepted that this may be a potential problem. Also, with the scanners they are highly sensitive to light, so data will be collected on a neap tide as this is when low water will be early in the morning allowing data to be gathered before the sun comes up. It is expected that there are no ethical concerns for the research. Although a A2 drone qualification will be secured before conducting the research, this course if offered online with a 99.9% pass rate. It is thought that the methods used are a valid way to measure beach topography with the HWL being used as a reference point in previous similar studies, as the use of drones and scanners is a relatively new technique; this methodology will be approved by experts in the field. If this research was undertaken by different researchers, results may vary depending on the methods they used to asses beach change as it is not yet known how drones and scanners will perform, that is the aim of this study.
Results
It is hoped that following data collection, a set of data will accurately show beach change at the HWL in Rhossili bay. The data gathered from the Matterport 3D scanners will be uploaded to my Matterport in order for it to be meshed together to create a 3D image of the study area, beach height change will also able to be analysed. The data gathered from the drones will ber uploaded to adobe premier/i movie. These videos will show beach height measurements and may be manipulated in a number of different ways. Colour coding the differences in height change is one option while exact beach height measurements can also be extracted and put into excel spreadsheet in the same way the data from the scanners can.

Evaluation
This research should address a gap in the literature upon the use of drones and 3D scanners as a method of measuring beach topography change. It should help inform key stakeholders upon the merits of using these methods to ensure best practice in coastal management planning. This new information should improve current techniques and build upon the thought that new technology can aid planning practices. Limitations of the study may be that beach change is measured over a short timescale, so only short term change can be analysed. Also, a more expensive model of drone may yield better results than the model which this study uses.
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