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Introduction

• Global Navigation Satellite Systems (GNSS)

Constellation of satellites providing signals from space 

that transmit positioning and timing data to GNSS 

receivers on Earth → determine locations
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Introduction

• Global Navigation Satellite Systems (GNSS)

Constellation of satellites providing signals from space 

that transmit positioning and timing data to GNSS 

receivers on Earth → determine locations

• GNSS is also a
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Galileo Glonass BeiDouGPS

• Deformations of the Earth's surface

• Suitable for atmospheric research

• Retrieve surface soil moisture
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e

GNSS Interferometric Reflectometry (GNSS-IR)
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Reflected signale

• Use reflected signals to infer information about ground properties

• L-band frequencies (1.5 GHz, 1.2 GHz)

Principle

• Direct (blue) and reflected (red) signals interfere

• → create an interference pattern that can be 

observed in signal-to-noise ratio (SNR) values

• Characteristics of the reflected signal change 

depending on the ground properties



Signal-to-noise ratio (SNR)

• Phase directly relates to the apparent reflection depth of the GPS signal
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GNSS Data
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• Plate Boundary Observatory (PBO) network

• ~ 140 PBO H2O stations

• Time span: 2007 – 2017

• SNR of 32 GPS satellites

• Elevation angle: 5 – 30 degrees

• Soil moisture product available via the 

International Soil Moisture Network (ISMN)

− GNSS-based soil moisture

− “Traditional” approach
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P381



How does the SNR data look like?
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SNR of tracks of one satellite for one day



How does the SNR data look like?
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Reflection points

SNR of tracks of all satellites for one day



Methodology

ML model for each station (in the future: one model for all stations)

• Neural network

• Training data: all data except one year

• Test data: one year 

Target: 

• Soil moisture

Features: 

• SNR tracks of all GPS satellites 

from 5-30 degrees elevation angle

• Rising or setting track

• Satellite number
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Temporal resolution: daily



In-situ data Satellite observations 

Modelled data GNSS-based

Soil moisture data
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Results – one station, one year
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• Reference: PBO H2O soil moisture (GNSS-based)

• Reference soil moisture (blue) and predictions for 2014 (orange) for station P381

• Performance metric: R2 score



• Reference: PBO H2O soil moisture (GNSS-based)

• Reference soil moisture (blue) and predictions for 2014 (orange) for station P381

• Performance metric: R2 score

• Cross-validation

• Each year serves once as test year

• Mean R2 score

Results – one station, all years
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Test year



• Mean R2 score for each station

• Spatial patterns: 

− some areas have better/worse 

performance

Why?

Results – all stations, all years
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Possible reasons
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• Mean R2 score for each station

• Spatial patterns: 

− some areas have better/worse 

performance

Why?

► Land cover? Vegetation?



Possible reasons
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e Reflected signale

• Mean R2 score for each station

• Spatial patterns: 

− some areas have better/worse 

performance

Why?

► Land cover? Vegetation?

► Complex terrain? Non-planar surfaces?



Possible reasons
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• Mean R2 score for each station

• Spatial patterns: 

− some areas have better/worse 

performance

Why?

► Land cover? Vegetation?

► Complex terrain? Non-planar surfaces?

► Reference dataset?



Conclusions and Outlook

Conclusions

• Great potential of GNSS-IR for monitoring soil moisture

− Additional in-situ data source + near real-time + complement satellite missions

• Promising ML-based retrieval → works well

• Several challenges …

Outlook

• Vision: global GNSS-IR-based model for retrieving soil moisture

• "MAGIC-CH: Machine learning-based advancement and usability assessment of GNSS-IR for 

climatological studies in Switzerland" 
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