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Summary:
The ESA Climate Change Initiative (CCI) Coastal Sea Level project 
focuses on the improvement of radar altimeter coastal sea level 
estimates, whose quality is reduced in the coastal band.
Key scientific questions are:
   1/ Is coastal sea level rising uniformly along coastlines compared to 
the open ocean ?
   2/ What are the uncertainties of the coastal sea level estimates ? 
   3/ What are the drivers of the coastal sea level variability ?
The team has reprocessed altimeter along-track data along the world 
coastal zones and has produced a network of 1634 virtual coastal 
altimetry stations corresponding to the location of the first valid point 
along the track (with an average distance of 3.7 km from the coast). 
This allows the analysis of sea level trends and inter annual variability.

Data and Method:
✓ Use of ALES (TUM’s Adaptative Leading Edge Subwaveform) 

retracking (+ associated Sea State Bias-SSB) to compute new 
altimeter ranges in the world coastal zones

✓ Use of the X-TRACK processing system (LEGOS) to provide along-
track sea level anomalies with adapted geophysical corrections

✓ Missions reprocessed: Jason-1, Jason-2, Jason-3
✓ Resolution : 20 Hz along track (350 m)
✓ Temporal coverage: Jan 2002 to Jul 2021: 19.5 years
✓ Selection of along-track valid data between 0 and 20 km from the 

coast at numerous coastal sites
✓ Strict editing to remove outliers (based on % of missing data, 

trend errors, trend continuity between successive points,...)
✓ In the latest dataset v3.0, use of the new FES22 ocean tide model 

and improved altimeter Geophysical Data Records.

Regional and local sea level uncertainties
The project aims at estimating uncertainties of altimeter sea level
trends and acceleration at regional and local scale (e.g. at virtual
stations).
The applied mathematical formalism requires an uncertainty
budget estimate defined at different length scales. Regional sea
level trend uncertainties have been computed (updated from Prandi
et al., 2021) with reprocessed DT24 data over 1999-2024, updated
inter-mission bias and General Least Squares optimal estimate.
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Conclusion: This new network of altimetry-based virtual coastal sea level stations provides novel information in areas where tide gauges 
are missing. 214 stations are located at less than 1km from the coastline. It allows the analysis of sea level trend / acceleration and inter annual 
variability and provide useful information for climate adaptation strategies. Product is available at: https://doi.org/10.17882/74354
Enhanced versions of the product are under development that will account for vertical land subsidence. A demo product will be produced 
based on Interferometric Synthetic Aperture radar (In-SAR) from the Copernicus Land Monitoring Service along European coastlines. 
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Case study: the Gulf of Mexico
Up to 32 virtual stations have been available in the Gulf of Mexico (with 
the previous v2.4 dataset), all well distributed along the Gulf 
coastlines, providing information where non other sea level 
measurements is available (e.g. tide gauge). 
A strong acceleration in sea level rise is highlighted since the early 
2010s. This acceleration also takes place along the western and 
southern coasts of the Gulf. The coastal sea level trends are smaller 
everywhere during 2002-2011 than the trends over 2012-2021, with 
values up to ~10 mm/yr or more at most virtual stations.

The dataset of Sea Level CCI coastal virtual stations: https://doi.org/10.17882/74354

RESULTS: A new network of 1634 altimetry-based virtual coastal stations provides two decades of accurate and consistent sea level records at 
an average distance of 3,7 km from the coast (214 at less than 1km). This includes areas that have never been monitored before (lack of tides 
gauges), closing a critical data gap in climate science.

Coastal sea level variability: The sea level virtual stations are currently used to better characterize the sea level forcing factors in coastal zones and
assess the along-coast coherence of the sea level response to these drivers. First results (Leclercq et al., 2025b) allow us to separate portions of the world
coastlines with different sea level behaviours. Some show sea level records dominated by interannual variations, highly correlated to natural climate modes.
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