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* Fully Focussed SAR processing (DTU)

*  Apply SMAP FFSAR processor for S3A,
S3B data in Severn and Rhone areas

* Validate against in-situ data, evaluate
ability to map key features

* |dentify optimum processing choices

* vortex.io micro-gauges
* Install 4 micro-gauges (2 per region) for
in situ validation

* Drone campaigns to map water level
from in situ sites to satellite track

* User Engagement / Application Road
Map (NOC, CCO)

*  Workshops > Roadmap for FFSAR
processing in Coastal Monitoring
Systems

Eesa

WP2000 Satellite SAR Altimeter: Sentinel 3A, 3B FF SAR and 20Hz — Severn Estuary

WP1000 —

Workshop . . . o

User WP2000 Satellite SAR Altimeter: Sentinel 3A, 3B FF SAR and 20 Hz— Rhéne Delta
Requirements;

Locations for
u—stations

KO -TO

vorteX.io p—stations

Existing Tide
Gauges and NW
Shelf model

~ > Validation /Evaluation of
% FFSAR altimeter data

WP3000 Two
vorteX.io p—stations
Severn Estuary

Validation /Evaluation
of FFSAR altimeter data

i

WP3000 Two

Rhone delta

Interim data set

Interim validation /
evaluation report
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WP1000 —
Workshops

vorteX.io drone
campaign
Severn Estuary

User priorities,
Recommendations
for applications

Road Map for FF SAR
altimeter data in coastal
monitoring systems

vorteX.io drone

campaign
Rhéne delta

I

Final validation /
evaluation report
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Vortex.io “micro” Gauges

liDAR, 8Mpx camera
Real Time data
Remote management

Lightweight, small & easy to
install

FFSAR Coastal Installations

Severn Estuary: Newport &
Weston Super Mare* (06/09/22)

Rhone delta: Port St Louis du
Rhéne & Fos sur Mer (27/07/22)

Data available online

* Replaced 6™ April 2023
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Objective:

To connect water level at gauge to satellite track at
the time of overpass.

* |iDAR: cm level accuracy, 50cm to 90m range
* 8Mpx camera: water mask, orthophotos
* 900g
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Deployments:
* Severn Estuary —24/02/23 (from boat) e
- Rhéne Delta — 13/04/23 (from land) ~ ‘I K
* Timed to coincide with Sentinel 3B passes mE
* Data used to geo-reference micro gauge water g

levels
* Data available on-line
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* Apply SMAP (Standalone Multi-Mission Altimetry Processor) to Sentinel 3A and 3B data

 |nitial results used to identify the optimum processing choices, then applied to generate time
series of data for selected tracks.

 Validation against in-situ data and models.

* Evaluate how well FFSAR altimeter data can resolve fine scale features in two different
environments.

* Severn Estuary: Ability to capture small scale physical signals (surface gradients, currents,
roughness signatures) in highly tidal regions and to detect and measure tidal
asymmetry/gradients

* Rhone delta: Ability of FFSAR data to accurately map different low lying channels and filaments.

IUGG 2023 - JG06 Monitoring Sea Level Changes by Satellite
and in situ Measurements



SAT@C

@ satewne
OCEANOGRAPHIC
CONSULTANTS

Investigated different options involving
series of trade offs:

Height relative to WGS84 ellipsoid [m]

* “Noise” v along-track resolution
* Processing speed v precision "

* Open ocean v enclosed water (canal)
performance

* Used in-situ data and ICESAT-2 data for

Height relative to WGSB4 ellipsoid [m]

0
4337 43.38 4339

reference )

Final choices for both locations:

Height relative to WGS84 ellipsoid [m]

lllumination Time: 2.3s
Posting Rate: 1000 Hz

Re-tracker: DTU MWaPP (Multi-
Waveform, Persistent Peak)

5
4337 P 4339

2

Height relative to WGSB4 elipsoid [m]

42
d3a7 4338 4339
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FF SAR Processing Options

PTR height estimates: Fos-sur-Mer

434 4341
Latitude [ddeql

MultiPTR height estimates: Fos-sur-Mer

434 4341
Latitude [ddeg]

434 4341
Latitude [ddeg]
MWaPP height estimates: Fos-sur-Mer

434 43.41
Latitude [ddeg]
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FF SAR Processing — Severn Estuary 1
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Time Series comparison with Tide Gauges
Newport Hinkley Point
10 10 T
All tide gauge data Al tide gauge data
—— Interpolated tide gauge data { ——Interpolated tide gauge data
* Interpolated tide gauge data (flagged!) * Intepolated tide gauge data (flagged!)
——83B 265 ——S3B 265

——ESA L2DCOG

Generally good
agreement but
RMSE of 1.2 m.

Height above mss [m]

Height above mss [m]
o £ N o n » o o

Y ! J 0o I 1 .
2019 2019.5 2020 2020.5 2021 2021.5 2022 2019 2019.5 2020 2020.5 2021 2021.5 2022
Decimal year Decimal year

Improvement on
RMSE ~3m from

ESAOCOG

10+
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E Es
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-6 [ZTIFFSAR residual (ffsar-insitu) [CTIFFSAR residual (ffsar-insitu)
o 7112 OCOG residual (ffsar-insitu) | []L2 ocoG res‘idual (ffsar-insitu)
2019 2019.5 2020 2020.5 2021 2021.5 2022 N 2019 2019.5 2020 2020.5 2021 2021.5 2022
Decimal year Decimal year
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SAT@C Interpretation of FFSAR data in Severn Estuary @esa

DTU

=
208 AFFSAR-Coastal, Newport Bridge “
- A
JFFSAR-Coastal, Weston-Super-Mare, Pier
(1) Raw FFSAR processed data, S3B (2) Smoothing over 15 points (80m) (3) Fu.rther smoothing (120m) and .remove snagging
track 265. « “Snagging” is significant —“tide” related? * Different sea level slopes for different passes
MWaPP retracker, 1000Hz or 6m ¢ Thought to be from coastal smooth water (dlfferen.t tidal con.dltlons)
. ¢~ 1.0m difference in water level over 20km
sampling targets (Locked harbours)
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Interpretation of FFSAR data in Severn Estuary —
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Sentinel-3 orbit means daily tidal constituents are aliased, but analysis of

other constituents is possible

Initial analysis of M, constituent carried out at 120m resolution

not seen in FES2014b (8 km res).

-
-

w

51.35

epne]

Are the amplitude variations related to flow around islands?

Interesting high-frequency resolution,

513
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Low-lying river delta with wetlands.

20 Hz resolution will provide only a single Jihone RiVéN;O;aco
height estimate across the river. :

Rhéne Delta, France

Fos=sur-Mer

2

The high number of calm water surfaces
within the altimeter footprint makes the
measurements very noisy, often leading to
wrong water level estimates.

¢rrhenian Sea

Using FF-SAR the resolution can be increased
all the way up to 0.5 m.

Google Earth

IUGG 2023 - JG06 Monitoring Sea Level Changes by Satellite
and in situ Measurements
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consumants— Port St Louis
Canal connected to main river Fos SUF Mer

MWaPP height estimates: Port-Saint-Louis-du-Rhéne

' Narrow Canal (60m wide)

. ICES 2

i Microgauge [min,mean,max] P _ . MWaPP height estimates: Fos-sur-Mer
Rhéne Delta, France : 2
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Height relative to WGS84 ellipsoid [m]
P

Y
&

47
43.38 434 43.42 43.44 43.46 43.48 435
Latitude [ddeg]

FFSAR processing (with MWaPP retracker)
reliably captures canal and river water levels

= MWaPP height time series: Port-Saint-Louis-du-Rhéne

Y
)

Height relative to WGS84 ellipsoid [m]
s a
3

2
4337 43.38 43.39 434 4341 4342 43.43 4344
Latitude [ddeg]

FFSAR processing (with MWaPP retracker)
reliably captures canal water levels

10 WGSB4 elipsoid [m]

Helght relative:

492

49
Wes 2010 2195 220 20205 2021 2215 222 2025 2028 2235
Time [oyears)

FFSAR processing can be used to estimate

river water level gradient between south
and north crossings. Changes in time.

Height relative to WGS84 elipsoid [m]

2021 20215
“Time [dyears]

FFSAR time series agrees with in situ gauge

IUGG 2023 - JG06 Monitoring Sea Level Changes by Satellite
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* Optimal FFSAR processing options found for Severn and Rhéne

* Good agreement found between in situ data and FFSAR processed data with
MWaPP retracker (improvement on standard SAR altimeter products)

* Able to measure the water level in small targets (60 m width).
* Able to measure small-scale water level variations, < 10 cm for the Rhone.
* Tracks running parallel to rivers offers detailed information on river slopes.

* Tracks across estuaries can be used to estimate along-track slopes (~100m
resolution), and used for tidal analysis
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Data Sets Product Validation and Evaluation Reports
* FFSAR S3A and S3B data sets: Severn Estuary and * Validation against in-situ and model data
Rhone delta

* Along track data and time series

e \ortex.io micro-station time series data

* Evaluation:
* Small scale physical signals in highly tidal regions

* Tidal asymmetry/gradients across estuaries

Drone campaign data * Detectability of small water bodies

https://cco.geodata.soton.ac.uk/ccoresources/FFSAR-Coastal/  Estimation of river water level gradients

Application Road Map
Key requirements from User Groups

Recommendations for application of FFSAR in coastal monitoring systems.

Recommendations for use of “micro” gauges as part of coastal monitoring systems

https://eo4society.esa.int/projects/fisar-coastal/

IUGG 2023 - JG06 Monitoring Sea Level Changes by Satellite
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