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Introduction

» Global Navigation Satellite Systems (GNSS)
GPS 2 Galileo B Glonass m®  BeiDou

Constellation of satellites providing signals from space
that transmit positioning and timing data to GNSS

receivers on Earth 2 determine locations
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Introduction

» Global Navigation Satellite Systems (GNSS)
GPS 2 Galileo B Glonass m®  BeiDou

Constellation of satellites providing signals from space
that transmit positioning and timing data to GNSS

receivers on Earth 2 determine locations

 GNSSisalso a

 Deformations of the Earth's surface

Sensor for

geophysical | > « Suitable for atmospheric research
signals

 Retrieve surface soil moisture
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GNSS Interferometric Reflectometry (GNSS-IR)

» 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

Reflected signal
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Signal-to-noise ratio (SNR)

Height of
antenna |
phase center Satellite
elevation
| angle

4th /
SNR = A cos Tsm(E) + ¢
| |

amplitude | phase offset
GPS wavelength

« Phase directly relates to the apparent reflection depth of the GPS signal
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GNSS Data

» Plate Boundary Observatory (PBO) network
« ~ 140 PBO H,0 stations
« Time span: 2007 — 2017 42°N |

45°N

* SNR of 32 GPS satellites 29°N

« Elevation angle: 5 — 30 degrees 36°N |

« Soil moisture product available via the 33°N |

International Soil Moisture Network (ISMN) . .
30°N - ——
— GNSS-based soil moisture

— “Traditional” approach 27°N

e PBOVHZO stations
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How does the SNR data look like?

Station P381 Reflection zones
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How does the SNR data look like?

Station P381 Reflection zones Reflection points
Reflection point; : 3 5
& G.NSS Station
30

N N
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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: TARGET FEATURES
*  Soil moisture

Soil EL EL EL rising / | satellite

Features: moisture 5.0° 5.1° 30.0° | setting | number
* SNR tracks of all GPS satellites 01.01. SNR .. 1 ° o
from 5-30 degrees elevation angle 01.01. 0 § =
.. . o 1
. R|S|ng or Set“ng track 02.01. 0 g a

o Satellite number

Temporal resolution: daily
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Soil moisture data

‘ In-situ data Satellite observations

aﬁ Modelled data , GNSS-based
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Results — one station, one year

* Reference: PBO H,O soil moisture (GNSS-based)

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

 Performance metric: R2 score

R2 = 0.85
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Results — one station, all years

* Reference: PBO H,O soil moisture (GNSS-based)

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

 Performance metric: R2 score
R2 (mean) = 0.76

1.0
_ _ 0.85 0.85 0.85 0.85 0.85 g4
° - 0.83 .
Cross-validation - e 5 . o
» Each year serves once as test year I I I I
* Mean R2 score 0.64 058 057
o 0.49
0.4IIIII I i
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Test year
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Results — all stations, all years

« Mean R2 score for each station

* Spatial patterns:

— some areas have better/worse
performance

Why?
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Possible reasons

« Mean R2 score for each station 1.0
48°N |E
Spati _ 0.8
« Spatial patterns:
— some areas have better/worse agoN |
performance 0.6
40°N
Why?
» Land cover? Vegetation? 36°N
32°N

I grassland Bl shrubland El forest
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Possible reasons

« Mean R2 score for each station

« Spatial patterns:

— some areas have better/worse
performance

Why?
» Land cover? Vegetation?
» Complex terrain? Non-planar surfaces?

Reflected signal
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Possible reasons

« 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?

. %) seace
ETH:zUrich -‘ﬂj GEODESY Laura Crocetti - Icrocetti@ethz.ch

17



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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