
Martin Jones 1, Anne-Laure Beck 2, Prof. Ivan Haigh 3 and Dr. Salvatore Savastano 4

1 ARGANS Ltd., Plymouth, England, United Kingdom   2 adwäisEO, Betzdorf, Luxembourg  3 University of Southampton, Southampton,  England, United Kingdom  4 isardSAT, Guildford, England, United Kingdom
      

EVENT: ESA Living Planet Symposium   SESSION: B.01.02 - POSTER - Earth Observation accelerating Impact in International Development Assistance and Finance PAPER NUMBER: 3710    DATE: Tuesday, June 24, 2025

Building a Worldwide Coastal Monitoring Capability: 

EO-derived shoreline data for international 

collaboration against coastal erosion

Currently, coastline mapping and the monitoring of coastal erosion and accretion through the use of satellite data 
requires a high cadence, geospatially accurate indicator. Due to availability of satellite imagery, snapshots of the 
seas’ position along the coastline can be seen at a high temporal resolution and is accessible for most of the world. 
Satellites like that of Sentinel operate globally and have revisit rates of 5 days. 

However, to accurately delineate the seas’ position along the coastline, the morphology of the area being assessed 
must be considered. Auxiliary data covering slope and sea-level height needs to be collected. Throughout the 
majority of the Northern Hemisphere, in-situ measurements of the water level are available through tide gauges 
and water buoys. However, in other regions the records are short, poor quality or simply difficult to get hold of as 
there will be no data readily available.

The aim of this work is to provide a tool that allows for accurate coastal monitoring through the use of satellite data 
with a new tidal data and slope computational approach. Below we outline how each of these modelled data are 
created, the workflow of the tool and the results and validation of the tool.

High Cadance Waterline Positions 

Workflow with modelled data 

To validate the models and its results, we picked an area in northern France with a large amount of in-situ data and 
satellite coverage to generate shoreline locations using the measured and modelled tide and slope data. This allows us 
to compared the modelled shoreline locations with the measured locations to assess how well the model is performing 
at estimating shoreline location.

The results showed an average of only 0.02m difference between the SAR and LiDAR slopes. The majority of 
modelled shoreline points where less than 10m (1 pixel) away from the measured shoreline points.

The key achievements of our framework are that it is: 

1.  Scalable, in that the input model datasets are globally and therefore can be used anywhere in the world, especially 
regions that have poor measured data coverage; 

2.  It considers the three main components of sea level (i.e., tides, surges and waves), not just tide, and uses input 
datasets from a range of sources, allowing for a; comprehensive sensitivity and uncertainty assessment

3.  Flexible, in that the framework can easily be extended to include a wider range of model input data, and different 
mathematical approaches, for example, to estimate wave set up.

We achieve high cadence sea positioning indicators through the use of a waterline delineation tool. This tool takes 
in all available satellite images provided over an AOI and extracts the position of the land sea boundary per image. 
We use a specialised cloud filtering method to insure we get as many suitable images as possible and also increase 
the positional accuracy of these images through a coregistration phase that utilises VHR imagery. The waterline 
extraction itself uses an adaptive threshold to ensure the most accurate delineation per site. Shorelines can then be 
generated from these waterlines using a tool that incorporates observed tide and slope information to adjust the 
position.

The method for generating shorelines with modelled data is similar to that of the measured data diagram but the 
Sea level and Intertidal slope are now modelled as shown above. But the rest of the methodology remains the 
same, using the cloud filtering method, co-registration method and waterline extraction method. 

Validation + Results

The Problem

Modelled Tidal Data

Modelled Slope 

• TPOX - tidal constituents based on a global model of ocean barotropic tides
• EOT - tidal constituents based on empirical analysis of multi-mission satellite altimetry data
• CoDEC - tide and surge data from Deltares model and the ERA5 climate reanalysis
• ERA5 - wave height from the wave hindcast model

• Waterline Extraction: Identifies coastline positions at different tidal stages.
• DEM Generator: Builds high-resolution elevation model from waterline heights.
• Slope Generator: Calculates elevation gradients using transects across the DEM. 
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