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Esu Objectives and summary

Validation of the GNSS reflectometry technique in order to retrieve sea level variations
due to inverse barometer* in coastal areas

*The response of the sea level to barometric variations or inverse barometer effect is the cause of most sea level variations at a subtidal level

How ? Why ? Summary

® Through direct comparison with ) .Get.tl'ng a better understanding of GNSS Reflectometry
individual processes such as the

collocated tide gauges . Usual application in coastal areas
: . . inverse barometer .

observations as a first validation What does it represent ?

The Inverse barometer

Application to two sites

Data processing

Results

= Understanding how these
complexes processes have an
impact on coastal sea level

= And through comparison of the
detided residual with an
approximation of the inverse

barometer effect on sea level = Proving the capability of GNSS-R

to retrieve subtidal phenomena




Gl GNSS Reflectometry (GNSS-R)

The GNSS-R is an opportunistic teledetection technique based on the reflection of GNSS signals on water
surfaces which allow to measure the height between the reflection surface and the antenna
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" . oscillation frequency of the multipath
: height between the ant. an the water
A : wavelength of the satellite signal
: elevation of the satellite

Several resolution methods:
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The one used

Use of a Periodogram (LSP)
and least square resolution for (1)




Esu Usual application of the GNSS-R

What do we use the GNSS-R for ?
A Ty Useof GNSS-R (in our context) ==———

Provide in-situ sea level variations observations
Use of tide gauge ——J

Why do we use it ?

= Alternative measurement method
= Cheaper and easier to install than a tide
R : : gauge
: N : - ] = = Provide a direct link to reference datum (as
Tide gauge installatigk : | _ _ _ _
: - | | GNSS installations are used to link tide
o . gauge datum to reference datum)
l N R = | = Provide other informations regarding the
‘ ' ‘ - water surface
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What does it represent ?

Eg Sea level observations
%g obtained with GNSS-R
04 2019 07 2019 0 2019
bate But what’s in this time serie ?
The tides
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time serie by the tide model : the detiding
Due to several subtidal phenomena impacting the sea

Credit: The Convesation Ievel

One of the most important subtidal phenomena
impacting daily periods is the inverse barometer effect
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ESU Inverse barometer effect: Local approximation

The inverse barometer effect correspond to the response of the sea
level to barometric variations.

Complex relation between sea level and air
pressure leads to several approximations of
the inverse barometer effect as the:

Local Inverse Barometer (LIB) approximation:

A = —-A/
= . A
with = —lcm/mbar (2)
Sea level rise due to Valable at period greater than 2 days

approximation
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= |deally placed for
GNSS-R

= Collocated with
tide gauge

= Accessibility of the

data ...




Esu GNSS-R vs Tide Gauges

Tide Gauge measurements GNSS-R SNR based SLV
|

E ) Pe o e
— R=0.96
()]
ILDG E 0 | Unbiased RMSE = 20 cm
ﬁ -5 l L L '
03-2019 05-2019 06-2019 08-2019 10-2019 11-2019
Date
@ ; R=0.96
LYTT g ~m Unbiased RMSE = 35 cm
O -2
A | | | | |

02-2018 03-2018 05-2018 07-2018 08-2018 10-2018 12-2018
Date

Excellent correlation achieved on a time serie of about a year !
Small error w.r.t the tidal range are found




@U Local Inverse Barometer vs GNSS-R

A wavelet lowpass filter is applied on the GNSS-R subtidal residual as the LIB is
not valable a period lower than 2 days
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Conclusion

The GNSS-R allows to retrieve sea level observations for the whole timespan (about 1
year) with high precision

enomena at a daily scale, as the Inverse Barometer

ost of the subtidal sea level variation at period greater

s e than several days for the sites of the study
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Thus, in order to observe and analyse other long term subtidal effects suchas =
upwelling, steric variations, etc ..., in the time series, independant observations

or models will be needed in order to reduce the subtidal sea level (like the

. reduction of the tide with a tide model).
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