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FFSAR - Coastal

The FFSAR-Coastal Project is applying the SMAP Fully Focused SAR (FFSAR)
altimetry processor on Sentinel-3A and Sentinel 3B data in order to evaluate
the potential of FFSAR altimeter data to contribute to coastal and estuarine

. . : - jland  Felxstowg, Ilfracoml;e ‘
monitorin g . %2 caiy | LONDON, 4~ \Lndy 4 e S
> ".'-' * Byistol r)é'm' ’ Yif [ S it ‘ il
: 50""'3"010"? Fortsmoush ’ Hm?ia\url Point rl;;fL'?qBa{E.‘S[apletT_}j anteré’; ‘ _"_’;'.:_)_
Py, [ B eyt
O\ SFaimouth o T, b A g / o Y A
. M . { RN ) it Tt ) B PET |
Two different environments : L

. The Severn Estuary : Highly dynamic mixed tidal estuary environment,

confluence between a river and its estuary experiencing large tidal range L5
and strong tidal currents. =
. The lower Rhone Delta and Camargue: A low lying, flat river delta and B o &/ camarcue D
. . . . . . o OAigues-Mortes ~ ° o
wetland environment, susceptible to inundation and rising water levels. ;:oﬁ;‘"‘:..e,.:d.,.m. : Etang e
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Funded by ESA through the EO4Society Open Call iy '
Mediterranean Sea / ‘A i ~ Port-du-Bouc
https://www.satoc.eu/projects/ffsar/ i " .
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FFSAR - Coastal —Project Overview

* Fully Focussed SAR processing (DTU)

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

3 Validation /Evaluation of o

_—™ FFSAR altimeter data

Existing Tide
Gauges and NW
Shelf model

* Validate against in-situ data, evaluate

WP1000 -

oy " Workshops
WP3000 Two vorteX.io drone S
ability to map key features orers e atons s User pririies,
. . . . —— Severn Estuary Severn Estuary for applications
* ldentify optimum processing choices WP1000
User P WP2000 Satellite SAR Altimeter: Sentinel 3A, 3B FF SAR and 20 Hz— Rhone Delta
° . . _ Requirements;
vortex.io micro-gauges Requirement — 4
alidation /Evaluation >

. i \‘
. . . Hstations of FFSAR altimeter data Road Map for FF SAR
* Install 4 ugauges (2 per region) for in situ / ? siimetr dt n cosl
WP3000 Two vorteX.io drone »

Va | idation vorteX.io p—stations

Rhéne delta

* Drone campaigns to map water level |
I HEEH!I'I HHHHII'I

campaign

Rhone delta

from in situ sites to satellite track

Interim validation / Final validation /

evaluation report evaluation report

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

*  Workshops > Roadmap for use of FFSAR
processing in Coastal Monitoring Systems
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vortex.io in-situ Gauges

\ -8m
Vortex.io “micro” Gauges : . M/A\ A | J\ VAVAVAVAVAY \/“\ AVAVAVAVAYAVAY:
* |iDAR, 8Mpx camera I e - el S !f & \M s <22m
* Real Time data 5 |
* Remote management
 Lightweight, small and easy to . A‘ O W o -3m
instal SEE R R R e Mirnnn_jo
FFSAR Coastal Installations
* Severn Estuary: Newport & ‘ e o ™ 0.4m
Weston Super Mare (06/09/22) (g oW M« My Mﬂ LA W"JHW TR \
- Rhéne delta: Port St Louis du A T A A A e et =(0.3mM
Rhone & Fos sur Mer (27/07/22)
*  To be deployed until June 2023 : — o - 2.5m
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Drone Campaigns

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

Sentinel-3A orbit

Flight planning S—

»  Water surface height

. Water surface height
(Latitude running mean)

slope = 17.665 mm/km
x VNF Station !

* Deployment from river banks or boat, depends on
respective locations of gauges and satellite tracks

VNF Station

* Regulations for flying near airports Barrage de L'Ormes
* Rhoéne flights in Q4 2022, Severn flights Q1 2023

WSH IGN69 (m)
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Fully Focussed SAR Altimeter Processing

* Apply SMAP (Standalone Multi-Mission Altimetry Processor) to Sentinel 3A and 3B data

« Initial results 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.
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Fully Focussed Processing — Severn Estuary

Sentinel-3A/B tracks

Legend

&+ S-3B Pass
' vortex.io microstations

The Severn Estuary, UK

* Input files downloaded for RONs 265, 299,
and 208 for both S3A and S3B LN ol et

®Newport

eacaith 300 ®8ristol

« All cycles from 265B have been processed . JFFSAR-Coastal, Weston Super-Mare, Pier

Bristol Channel Weston -super-Mare

using the SMAP with different settings to find
the most appropriate setup.

« Water levels are found by combining SMAP
output with L2 files from ESA/scihub.

RON Sentinel-3A period (cycles) Sentinel-3B period (cycles)

265 Apr 2016 (cycle 3) — May 2022 (cycle 85) Dec 2018 (cycle 19) -May 2022 (cycle 65)

299(300) |  Apr 2016 (cycle 3) — May 2022 (cycle 85) Feb 2018 (cycle 21) — June 2022 (cycle 66)

Dec-2018 (cycle 19) — June 2022 (cycle 66)

208 May 2016 (cycle 4) — June 2022 (cycle 86)
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51.6 e SIS ¢ 20 516
A *  Sentinel-38 track 265, cycles 34-63
& Fourteen-locks
Canal'Centre
51.59 51.59
15
51.58 | 51.58
..
51.57 51.57
51.56 51.56 3 £ . :
% * 3 : Q: Are we seeing bathymetry at low
-4 [
5155 P é 5155 t|de?
] Nash o 8 3
L £ §
51.54 § 51.54
%
St Brides é
51.53 N 5153
51.52 5152
c -10
51.51 51.51
-15
515 515
.20 2% ok atal 2 = =
304 -302 3 298 296 294 29 -20 -15 -10 -5 0 5 10 15
Longitude Height above MSS [m)] 8
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04-May-2020 10:55:43
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51.58 y oo 8 51.58 |
e ] f
4
51.56 51.56 - g 1
51.54 51.54 - , 1

Or is it snagging?

Latitude

N

(6]

N

Latitude

g
(6]
N

51.5 & 515
51.48 51.48
¢+ FF-SAR default, 1000 Hz
51.46 51.46 - ESA 20 Hz product 7
- = Latitude of Newport station
L 1} 1 | | 1 |
-3.1 -3.05 -3 -2.95 29 -40 -30 -20 -10 0 10 20 30
Longitude Height above mss [m]
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SMAP retracker options: 1200
. PTR 1000 —
* OCOG (can adjust parameters) 800 | |
e Multi-PTR (10 main peaks)

o)

S 600 -
OR o
Could use another retracker (e.g. DTU) 400 t -

200 - —
0 . J/\\/"\,“/‘ \”

0 50 100 150 200 250 300
Bin
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* FFSAR, 1000 Hz
ESA 20 Hz product

.

M4 1Juf"r_vr‘|

/
N Park /‘,./)’\

o o o o e e - e e e e - - -

Whitson

Goldcliff

2

Latitude
Latitude

Peterstone
Wentlooge

e Heights from other peaks

515
+ FF-SAR default, 1000 Hz
51.49 ESA 20 Hz product
— Estimated water level
Y : - = Latitude of Newport station
51.48 51.48 L™ SR TR X - 2 : 1 ! 1 1
-3.06 -3.04 -3.02 -3 -298 -296 -294 -292 -2.9 -40 -30 -20 -10 0 10 20 30
Longitude Height above mss [m]
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Ca__e»:rrp;r:ililg/
RON 265 from Sentinel-3B is close to several tide £/ Nantgarw

51.55 \ /— M4 - A4s(M)
¥/

gauges and to the micro-stations =
\/Mf‘/\," ;\St.’Mellons
A48 2
Tide gauges used for validation of FFSAR data: d }‘m L
\/ A48 ~~_ C a r('jzl‘ff

Newport
Hinkley Point

51.45

51.4

Latitude

51.35 Westds-super:Mare

=2

A370 Winscombe
513 Brean { A ¥ 4,
ﬁ /A“ Cheddar
Newport tide gauge
51.25 Hinkley Point tide gauge

= Newport micro-station
* Weston micro-station

Sentinel-3B 265 cycles 19 to 65

51.2
-3.3 -3.2 -3.1 -3 -2.9 -2.8

' Longitude 12
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" Newport
All time series at 0 mean All tide gauge data
because of different —e— |nterpolated tide gauge data
reference systems. 10 * Interpolated tide gauge data (flagged!)

——FFSAR 1000Hz

Many tide gauge
measurements are flagged

—+—ESA L2 OCOG
Generally good agreement
but a high RMSE of 1.2 m!

f
\ \ \ /) f
(RMSE was ~3m from ESA

OCOG retracker. 2019 2019.5 2020 2020.5 2021 2021.5 2022
Decimal year

Height above mss [m]
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Hinkley Point
All time series at 0 mean
because of different

reference systems.

Al tide gauge data
1 ——Interpolated tide gauge data
p— * Intepolated tide gauge data (flagged!)
E ——S3B 265 |
? ——ESA L2 000G ||
l' \ "ll
E ;' \ ‘ 'I
%’ A\ I/ \ N\ A
Most tide gauge 2 \ \a V \ r
measurements after 2020 , ” A 8
are flagged % / "L g .
K]
. A
Also a high RMSE of 1.1
m!
-10 - 1 | 1 L 1 1
2019 2019.5 2020 2020.5 2021 2021.5 2022
Decimal year
14
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Rhone Delta
! Rhone River, France 4 3%, s -, e Legend
Location of Micro-Stations 2 - e = s e - Micro-Station
d <» S-3APassNo. &

« Input files downloaded for RONs 179 and 199 SR R T o
from S3B, cycles 19-68. - s i s %
All data has been processed, but best setup
will be made clear once proper validation | . MY
data is acquired. A ‘Mic,;TSta,;;;,g;f;z=, .
Best source for high frequency Tide Gauge 4 TR
data nearby?

#_ Micro-Station 2
W 3

RON Sentinel-3B period (cycles)
Google Earth
Image Landsat/ Copemicus
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Further Work
Severn Estuary

- Investigate re-tracker options Rhone Delta

« Apply multi peak re-tracker
« Different parameters on OCOG re-
tracker

« Use DTU re-tracker - Identify best processing options and
complete processing.

« Closer analysis of FFSAR data, similar or
different behaviour to Severn?

 Process other tracks one at a time to

confirm optimum processor options - Identify source of nearby high frequency
in-situ sea level data.

« Get reference from micro-stations and

compare absolute heights. - Validate against drone campaign data.

- Validate against drone campaign data "

— 00 he c= 0 4= I ™ = 1] D — I == EHH] " G2 E1 B o= im 1%l



7t Sentinel 3 Validation Team Meeting 2022 E—

EUROPEAN UNION opke;;mcgs G EUMETSAT | cofndedwin @ es a
18-20 October 2022 | ESA-ESRIN | Frascati (Rm), Italy

" FFSAR Coastal - Final Outputs

Data Sets Product Validation and Evaluation

* FFSAR S3A and S3B data sets: Severn Estuary and * Validation against in-situ and model data

Rhéne delta
* Along track data and time series * Evaluation:
* Vortex.io micro-station time series data * Small scale physical signals in highly tidal regions
- Drone campaign data * Tidal asymmetry/gradients across estuaries

* Understanding interaction of tides and river discharge

*  Will be available at: www.coastalmonitoring.org

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/ffsar-coastal/
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