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Introduction

Tide gauges have been used for centuries to
study tides, survey coastlines and monitor
rivers and lakes. Today there is an increased
demand for water level measurements for
monitoring sea level rise, the global water
cycle and validating satellite measurements
(e.g., GRACE, satellite altimetry).
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Modern water level sensors

Modern water level sensors
may cost several thousand
dollars and are often
co-located with a GNSS
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radar or acoustic sensors in
remote locations because they
require a structure to be built
such that they hang directly
over the water surface. Sea Level
Consequently, there are few
water level sensors in remote
regions.
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GNSS-R water level measurements

GNSS-Reflectometry is an alternative technique to obtain water level measurements using a coastal GNSS
antenna. Microwave signals emitted from a GNSS satellite that reflect off the water surface prior to reaching the

antenna interfere with the direct signal, which causes an oscillation in the signal to noise ratio (SNR) data.
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GNSS-R water level measurements

The frequency of the oscillations in the SNR data is approximately linearly related to the height difference
between the antenna and the reflecting surface. Therefore, a water level time series can be obtained by
performing spectral analysis on the SNR data for every time that a satellite is in the right position.
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Precision of GNSS-R measurements

In previous literature, authors have compared GNSS-R measurements with a colocated water level sensor
and found a Root Mean Square error (RMS) between 3-45 cm.
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Low-cost vs. high-cost GNSS antennas

. . Geodetic Standard GNSS
Site GTGU in Sweden antennas that have been
Oscillations damping with increasing elevation used in previous GNSS-R
200 | ' ' ' ' - literature are expensive and

0L A\,WM\,MM designed to reduce

interference from reflected
signals.

Whereas, low-cost antennas
(commercially available
online for 10 USD) are
isotropic in their gain
pattern and thus better
suited for reflectometry,
potentially providing a
more accessible means to
monitor water levels.
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Low-cost antenna array: initial design

We hypothesize that data from
multiple antennas in the same
location could be used to reduce
the effect of noise in the SNR data
and provide more precise sea level
measurements. Therefore, we
designed an experimental setup of
4 antennas.

GNSS antennas:
GPS+GLONASS+GALILEO

USB splitter

Lead acid
battery

Charge
controller

Raspberry Pi
Details on how to build a low-cost sensor
are currently being written up into a

manuscript by W. Minarik

Solar panel

) ®



Initial testing

With support from Fisheries and Oceans Canada, we
have installed instruments next to pre-existing water
level sensors along the Saint Lawrence River in

Queébec, Canada. We plan to install more this year.

Stations Samte-Anne-de-Bellevue o1 Pointe-Claire
operées par 1a Direction des refevés hydrologiques,
Environnement Canada

Potsr plus dinformations,
www.eatiec.gdcalindex Lhtmi

The Saint Lawrence river is an ideal
testing ground for water level
sensors due to variable tidal range
and seasonality / ice cover.

Island of Montréal

(where the authors
are based)

A Stations Sainte-Anne-de-

o TR i s+ Bellevue and Pointe Claire
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G870 Branch, Environment Canada
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Initial results: Trois-Rivieres

We installed an array of 4 antennas in September 2019 and designed an
algorithm based on inverse modelling™ to retrieve a water level time series
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using data from multiple antennas. Comparing 10 days of GNSS-R
measurements to the co-located water level sensor, we found an RMS of 4-8
cm using just 1 antenna, compared to an RMS of 2.3 cm when using all 4
antennas. However, the installation was not stable and moved with the wind.
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Sainte-Anne-de-Bellevue installations

Driven by promising initial results from
Trois-Rivieres, we built a second array of
four antennas and installed both arrays
during winter at Sainte-Anne-de-Bellevue.

The key goals of this field work were:

1. To investigate how the placement of
antennas affects the precision of
water level measurements

2. To collect more data to improve and
refine algorithms

3. To assess the ability to monitor the
river whilst it is frozen during
winter



Sainte-Anne-de-Bellevue: results so far

We have a continuous data set over a 3 month period that captures the annual snowmelt (Feb-Apr). When the

lake at Sainte-Anne-de-Bellevue is frozen, the GNSS-R measurements capture a combination of snowfall and
changes in the lake level. The data below is showing water level measurements using all four antennas for the
first two week period after the lake became ice free. The RMS with a water level sensor 500 m away from our
installation 1s 1.0 cm.
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Conclusions

1. Low-cost GNSS-R antennas potentially provide a more accessible means to
obtain precise water level measurements

2. Initial results show that multiple antennas in the same locations can be used to
provide more precise sea level measurements

3.  We found an RMS of 1 cm comparing GNSS-R measurements from 4 antennas
with a water level sensor 500 m away over a two week period

4.  We are currently working on manuscripts with details on how to build low-cost
GNSS-R stations, algorithms for retrieving water level measurements using
multiple antennas and our results so far

Contact: david.purnell@mail.mcgill.ca
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