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Water level monitoring
Traditional in-situ gauges


Key capability
High accuracy (millimeters)


Main limitation
Limited coverage
High maintenance costs
Often unreported local height reference


Key capability
Accuracy of few decimeters, up to few centimeters
Large scale coverage 
Height reference frames consistently declared


Main limitation
Variable spatial and temporal resolution

Remote sensing techniques

https://swot.jpl.nasa.gov/resources/104/diagram-of-swot-data-collection/
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Earth Observation for water level monitoring: altimetry


Key capability
Water level estimation with accuracy of few decimeters, 
up to few centimeters 


Main limitation
Variable spatial and temporal resolution
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
Key capability
Water level estimation with accuracy below 30 
centimeters


Main limitation
Phase unwrapping and decorrelation
Slow change of water level,  less than 2 cm per 6-day 
period 

Aminjafari, S., Brown, I., Mayamey, F. V., & Jaramillo, F. (2024). Tracking centimeter-scale water level changes in Swedish lakes using D-InSAR. Water Resources Research

Earth Observation for water level monitoring: D-InSAR
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What about SAR 
amplitude data?


Key capability
Water level estimation with a few centimeter accuracy
High spatial and temporal resolution
Not affected by phase unwrapping 

Earth Observation for water level monitoring: 
SAR amplitude



Between two epochs t1 and t2:

● Constant water level changes - the water 
level across the lake surface changes by a 
constant value of ∆h

Methodology – Initial assumptions
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● Slope stability – the slopes αn of each 
shoreline remains constant if no 
significant morphological change occur



Methodology – Geometry of the model
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Methodology – Geometry of the model
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Case study and data

EPSG:4326

Trasimeno Lake (Umbria Region, 
Italy): shallow lake without natural 
outlets with  area ~ 128 km2 and 
depth ~ 4-6 m

Sensor Year Orbit Polarization N. images

Sentinel-1
2022 
2023 
2024

ASC VV+VH 30 - 29 - 29 

DSC VV+VH 29 - 30 - 30 

COSMO-SkyMed
2 generation 2022 ASC HH 16

In-situ gauge measurements for 2022, 2023 and 
2024 provided by the Water Resources 
Development and Protection Unit of Umbria 
Region
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Images download and 
coregistration:
● MapItaly 
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Workflow
Images download and 
coregistration:
● MapItaly 
● PyGMTSAR
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Images download and 
coregistration:
● MapItaly 
● PyGMTSAR
● SNAP
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Workflow x N
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Results – S1 VV+VH ASC & DSC 
SAR ascending and descending cumulative Δh relative to the first epoch 
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Results – CSG HH ASC
SAR ascending cumulative Δh relative to the first epoch 
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Conclusions and future works

● The method demonstrated a potential accuracy of 5-10 cm without relying on a priori 
morphological information with the possibility to be tested with any SAR sensor (e.g., 
Sentinel-1, COSMO-SkyMed, IRIDE)

● The model is limited by:
○ satellite viewing geometry and lake morphology affecting transect selection
○ vegetation coverage and wind effects reducing image quality and affecting the 

image-matching algorithm

● Future work will focus on assessing the generalization capability of the model across 
different case studies and sensors to provide an additional water level monitoring 
solution for diverse scenarios, such as lakes, flood events, or small agricultural basins



Thank you for the attention

Contact: lorenza.ranaldi@uniroma1.it 

This research was partially performed in the framework of the GRAW project, 
funded by the Italian Space Agency (ASI), Agreement n. 2023-1-HB.0, as part of 
the ASI’s program “Innovation for Downstream Preparation for Science” 
(I4DP_SCIENCE)
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Hamoudzadeh, A., Ravanelli, R., & Crespi, M. (2025). Large-scale monitoring of inland water surface levels with GEDI data: an operational cloud-based approach in Google Earth Engine. 
GIScience & Remote Sensing, 62(1)

Features of active LiDAR and RADAR satellite altimeters



A novel approach for water level changes with SAR amplitude data:  first results using Sentinel-1 imagery on Trasimeno lake, 
Italy

Model
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Model
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Model
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Workflow – Final ∆h estimation


