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Coastal, Marine and Wildlife Conservation (ACNA5001)
Dune Survey: Marine and Coastal Issues

Aim and Objectives
Today we will be conducting a real beach and dune survey using a range of methods. We will be scanning a local dune site which was recently damaged from construction related activity. We are scanning this site with a Uncrewed Aerial Vehicle (UAV) to create a precise topographic map of its extent. This will be a continuation of a dune monitoring project that began in 2022. We will be able to use this high-resolution data to analyse how the beach system has changed over time, and address whether or not any management interventions need to take place. 
You will learn how to use a range of tools for beach surveying, including the GNSS survey equipment, Lidar drone, terrestrial laser scanner (TLS) and Structure from Motion (SfM) derived photogrammetry methods and the multispectral drone. 

Background
Sand dunes are becoming increasingly stabilised across Wales, a trend reflected widely at a global scale (Rhind et al., 2013; Gao et al., 2020). Drivers of increasing stabilisation in dune systems include climate change, changes to sediment supply, nutrient enrichment, sea level rise in addition to internal drivers such as soil development, grazing management, and scrub control (Rhind et al., 2013). Many dune systems across the UK have been altered by human activities causing both abiotic and biotic changes, meaning most dune sites cannot be considered as truly natural (Martinez et al., 2013; Pye and Blott, 2020).
Where dunes become damaged, fencing is often installed to encourage further sand accretion and stabilisation of the dune system. Conversely, where dunes are overstabilised, localised dune destabilisation is encouraged (Rhind and Jones, 2009). Whilst there is a debate on the long-term sustainability of such interventions (Delgado-Fernandez et al., 2019), coastal managers are interested in understanding where significant adjustments occur, where restoration projects are successful and the overall status of dune systems. For managers of urban dunes, there are a multitude of survey options available, with rapid development in survey approaches. There is limited guidance on best practice and the trade-offs between methods. Therefore, this survey also seeks to compare a range of survey methods across the dune site using Ground Control Points (GCPs). These methods will be compared against GNSS derived points that provide a highly accurate measurement of LAT/LONG and ELEVATION at a given point. 

Study Area
The study area comprises of a local over-stabilised urban dune approximately 0.03 km2 in extent. The wider dune site has extensive cover of marram grass (Ammophila arenaria). There is also evidence of willow, fern, and other vegetation primarily comprised of garden escapees. In 2016, Swansea Council used chestnut fencing to create sand dunes west of the study site, in addition to placing logs and tree trunks to reduce shifting sands that cost £20,000 to clear from adjacent paths and roads (Swansea Council, 2023). West Pier repairs were carried out between 2017 and 2018, afterwards the dune site was damaged during the construction of a new West Pier inner wall in 2021. Now, this damaged section has incipient dune formation with emerging vegetation such as Sea Spurge (Euphorbia paralias), Yorkshire Fog (Holcus lanatus), Wild Carrot (Daucus carota), Common Broomrape (Orobanche minor var. maritima), Sea Radish (Raphanus raphanistrum ssp. maritima) and Ribwort Plantain (Plantago lanceolata).
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Figure 1. Map of study site and wider Swansea Bay showing seabed sediment type (modified from Pye and Blott, 2017). Direction arrows show the conceptual model of subaerial sediment movement based on overall volume change where black arrows show sediment accretion and brown indicate erosion. Size of arrows shows indication of volume change extent. Dashed arrows highlight morphological response model of sediment forcing (modified from Thomas et al., 2015).

1. Drone based surveys (MD)
Drones are used for environmental because they can be more efficient, accurate, and cost-effective than traditional methods. Drones can capture precise measurements and detailed images with high-resolution cameras and advanced sensors. This allows surveyors to create accurate maps and 3D models.  

2. Terrestrial Laser Scanning (AF)
Terrestrial laser scanning (TLS) is a remote sensing technique that uses lidar to scan the surrounding environment acquiring millions of points. The device emits light pulses that return to the transmitter after reflecting from a surface. The time the pulse takes to return to the transmitter is used to determine the position of that point in three-dimensional space. Handheld laser scanners can now be deployed on foot to rapidly scan a scene, much like a fictional Star Trek tricorder.  Modern TLS recreate scenes by measuring the distance from the device to the target at a rate of 104-106 points per second with millimetre accuracy. 
TLS can be used for environmental applications to record detailed topographic changes of complex scenes in minutes. Data obtained from a TLS is processed and turned into a high resolution pointcloud, or a digital elevation model allowing precise mapping and further spatial analysis.  

3. RTK-GPS and GNSS (AF)
GNSS surveying has many advantages over traditional surveying methods, including increased efficiency and accuracy.  GNSS (Global Navigation Satellite Systems) surveying is a technique that uses satellite signals to determine the position of a point on Earth. It's also known as GPS surveying because GPS (Global Positioning System) is one of the satellite constellations used in GNSS. GNSS surveying is based on the following principles:
Line of sight: A clear line of sight is required between the satellites and the GNSS receiver. 
Signal reception: The GNSS receiver listens to coded messages from satellites and calculates the time it takes for the signal to reach the receiver. 
Distance calculation: The receiver multiplies the travel time by the speed of light to calculate the distance from the satellite to the antenna. 
Position calculation: The receiver calculates its position based on the distances to at least four satellites. 
GNSS surveying is used in a variety of fields, including land surveying, mapping, transportation, agriculture, vehicle navigation, marine navigation. You can find further details about the use of GNSS in land surveying and mapping guide here: Use of GNSS in land surveying and mapping_3rd edition.pdf
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Figure 2. Elevation changes from 2023-2024 with and without LOD thresholding of 0.3 m across the dune extent. Blue-green shows areas of sediment accretion and vegetation growth and yellow shows erosion or vegetation loss.
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