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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series

CryoSat-2 data products

CryoSat-2 orbit

« Near polar (92°)
« Cycle of 369 days
« About 13 sub-cycles of 29 days
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Repetitive orbits : time series

(Topex/Poseidon example)
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Introduction & context Repetitive orbits data processing : time series
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Repetitive orbits : time series

(Topex/Poseidon example)
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Repetitive orbits : time series

(Topex/Poseidon example)
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Repetitive orbits : time series

(Topex/Poseidon example)

Alti-hydro time series | [z
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Repetitive orbits : time series

Typical processing

@ Rivers / Tracks crossings localisation

@ Data geo-extraction

@ Building time series of river water levels

@ Custom editing, filtering, etc.

@ Time series quality validation against in situ gauging data

@ Time series distribution through HydroWeb portal
http://www.legos.obs—mip.fr/en/soa/
hydrologie/hydroweb/
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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series
CryoSat-2 data products

Topex/Poseidon & Jason-2 "virtual stations”
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Envisat "virtual stations"
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CryoSat-2 data products

CryoSat-2 tracks. .. ! (KML file available on ESA website)
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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series
CryoSat-2 data products

Processing spatio-temporal time series (LRM ex.)

Spatio-Temporel sampling of the river water level Z(x, t)

CryoSat 2 data (m) Madeira river & tributaries contours (SWBD)
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Processing spatio-temporal time series (LRM ex.)

Spatio-Temporel sampling of the river water level Z(x, t)

Rio Madeira: CryoSat-2 river water level altitude (m)
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Processing spatio-temporal time series (LRM ex.)

Spatio-Temporel sampling of the river water level Z(x, t)
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Processing spatio-temporal time series (LRM ex.)

Spatio-Temporel sampling of the river water level Z(x, t)
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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series
CryoSat-2 data products

Processing spatio-temporal time series (LRM ex.)

Remove spatial variations (Jason-2, high water stage)
= river water level pseudo-time series Z(t)

Rio Madeira: 500 km around Manicore - Std = 0.85 m; Teff = 5.2 days
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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series
CryoSat-2 data products

Processing spatio-temporal time series (LRM ex.)

Remove temporal variations
= river water level pseudo-profile Z(x)

Rio Madeira water height profile (during high stage) as seen by CryoSat-2
CryoSat-2 profile

— CryoSat-2 profile model (log. lin.) 41.5 mm/km >

45| — - In situ profile (interpolated) 41.0 mm/km . h

. Model - in situ
30}- i R%=0.977 » i
; Err=-0.32+0.13 m
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Introduction & context Repetitive orbits data processing : time series
Geodetic orbits : spatio-temporal time series
CryoSat-2 data products

CryoSat-2 data products (and their use in hydrology)

@ ESA Official L2 products (Baseline B, since Feb. 2012)
@ Product files for LRM, SAR & SARin modes
e Use : spatio-temporal time series, validation, longitudinal &
transversal river profiles, (SAR :) along-track resolution,
(SARIn :) cross-track angle
@ ESA/ESRIN Sentinel-3 prototype
e Data samples : stack matrices, L1B 20 Hz & 80 Hz
(waveforms), L2 (Samosa retracker outputs)
e Use : exploring stack applications (surface roughness &
classification), along-track resampling (spotlight), etc.
@ CNES CPP (CryoSat Processing Prototype)
e 11 months of GDR-D-like products for LRM, SAR &
RDSAR modes
o Use : SAR / Reduced-SAR comparison and assessment
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ?

Along-track resolution

2y @ wCE
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIin stac
SARin & “the r

Along-track resolution

X107 CryoSat-2 Waveform

16 — Waveform 5469

1 Focus on the river
and river banks

Waveform power
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIin stac
SARin & “the r

Along-track resolution

X107 CryoSat-2 Waveform

16 — Waveform 5471

1 Focus on the
river banks

Waveform power
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

80 Hz SAR : a way to refine small rivers monitoring ?

Data from S. Dinardo, ESRIN

CryoSat-2 SAR 20Hz Waveforms power dB
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Waveform number
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80 Hz SAR : a way to refine small rivers monitoring ?

Data from S. Dinardo, ESRIN

CryoSat-2 SAR 20Hz Waveforms power dB
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

80 Hz SAR : a way to refine small rivers monitoring ?

Data from S. Dinardo, ESRIN

CryoSat-2 SAR 20Hz Waveforms (dB)
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

80 Hz SAR : a way to refine small rivers monitoring ?

Data from S. Dinardo, ESRIN

CryoSat-2 SAR 20Hz Waveforms (dB)
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

Product Levels

1Hz-20hz products
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks
SARin & “the magic of two antennas”

1Hz-20hz products
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

The multi-look over one ground cell

254 bursts (~20km)

1 burst every 84m

1 burst

1 doppler beam

A _/from K. Raney/S. Dinardo

1 ground cell strip of 300m
burst footprint ~20km (64*300m)

Each ground cell can be seen per theoriticaly 256 bursts
(~223 in practice over ocean)
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Power (dB)

Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

The multi-look: stack
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

The multi-look : the stack

256 bursts
<
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

Stack: mean waveform

CryoSat-2 Multi-look Waveforms
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

The multi-look: stack look-angles

Mm,cryoSat-z Multi-Lc-ok SLfrlace Response (#61)
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1t 1

1.2 I

Aperture depending
on sea surface
RMS slope

Power
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Offset depending on pitch mispointing
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

Stack: surface roughness

CryoSat-2 Multi-look Waveforms CryoSat-2 Multi-look Waveforms
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

VIDEO
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Along-track resolution & “super-sampling”
SAR/SARIn stacks
SARin & “the magic of two antennas”

What's new with CryoSat-2/SIRAL ?

Stack: surface roughness

CryoSat-2 Multi-look Waveforms

CryoSat-2 Multi-look Waveforms

Review of CryoSat-2 applications for hydrology
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARin stacks

SARin & “the magic of two antennas”

Stack: surface roughness

CryoSat-2 Multi-look Waveforms CryoSat-2 Multi-look Waveforms
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

SARin & “the magic of two antennas”

SARin data extraction : tracks are zigzagging. ..

CryoSat-2 - SARiIn Z (m) Upstream Amazon
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Along-track resolution & “super-sampling”

What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks

SARiIn & “the m

SARin & “the magic of two antennas”

agic of two antennas”

SIRAL tracks a part the hydrographic network!!
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

SARin & “the magic of two antennas”

SIRAL tracks a part the hydrographic network!!
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

SARin & “the magic of two antennas”

SIRAL tracks a part the hydrographic network!!

Image US, Geological Survey

4Google

lat -3996103" long -68,407558° élév. 128 m Altitude 165,23 km
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

SARin & “the magic of two antennas”

30 m wide rivers we can actually hardely see...

Image US, Geological Survey
1089 m

1111070 B 1970 lat -4,087407° long -68815714° élév. 141 m Altitude 484 km
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Along-track resolution & “super-sampling”
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Zoom-in examples...
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Along-track resolution & “super-sampling”
What's new with CryoSat-2/SIRAL ? SAR/SARIn stacks
SARin & “the magic of two antennas”

SARin & “the magic of two antennas”

Zoom-in examples...

CryoSat-2 - SARin Z (m) - Upstream Amazon
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Conclusion & perspectives

Conclusion

Background : complex products line

@ Issues in Baseline A products
@ Greatly improved with Baseline B products (Feb. 2012)

@ Teams developped alternative products
(ESA, CNES/CPP, ESRIN proto., NOAA/RADS, etc.)

@ Since last year : relaxed data policy and improved products
(Baseline B, CNES/CPP, Baseline C to be release in 2014)
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Conclusion

Background : complex products line

@ Issues in Baseline A products
@ Greatly improved with Baseline B products (Feb. 2012)

@ Teams developped alternative products
(ESA, CNES/CPP, ESRIN proto., NOAA/RADS, etc.)

@ Since last year : relaxed data policy and improved products
(Baseline B, CNES/CPP, Baseline C to be release in 2014)

Benefits of the mission for hydrology

@ Cryosat-2 : geodetic orbit with dense spatial coverage
@ SIRAL : rich instrument with 2 new modes
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Conclusion & perspectives

Benefits of the mission for hydrology : details

Cryosat-2 : 369-days geodetic orbit
@ Sample rivers dynamic topography Z(x,t)
@ Derive estimates of rivers profile Z(x)
@ Derive estimates of rivers time series Z(t)
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Conclusion & perspectives

Benefits of the mission for hydrology : details

Cryosat-2 : 369-days geodetic orbit

@ Sample rivers dynamic topography Z(x,t)
@ Derive estimates of rivers profile Z(x)
@ Derive estimates of rivers time series Z(t)

SIRAL : SAR & SARiIn modes

@ SAR : higher along-track resolution
@ SARIn cross-track angle :

e potential for small rivers detection and mapping of
hydrographic networks

e measurement of instaneous river’s reach slope ?

e track rivers on rough terrain ? (were conventional LRM
missions usually fail)
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Conclusion & perspectives

Perspectives

Extensive products assessment

@ Validation against in situ data (not yet available !)
@ Official ESA L2 products : LRM, SAR & SARin
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Conclusion & perspectives

Perspectives

Extensive products assessment

@ Validation against in situ data (not yet available !)

@ Official ESA L2 products : LRM, SAR & SARin
@ Innovative L2 products from :

o CNES/CPP : SAR vs. RDSAR (aka Pseudo-LRM)
e ESRIN proto : SAR 80 Hz vs. SAR 20 Hz

Intercomparison exercise
@ Comparison to Jason-2 & AltiKka LRM missions

ESRIN proto : more explorations using the stacks
@ Slicing stacks for better land decontamination
@ Stacks power & roughness information to detect rivers ?
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Conclusion & perspectives

Perspectives : Mapping rivers topography from
multi-mission data
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Conclusion & perspectives
Perspectives : Mapping rivers topography from
multi-mission data

A glue mission ?
@ Z(x,t) densification, better interpolation

@ Could help to address systematic bias issue between
missions (different retrackers, corrections & meas. errors)
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Conclusion & perspectives

Perspectives : Mapping rivers topography from
multi-mission data

A glue mission ?

@ Z(x,t) densification, better interpolation

@ Could help to address systematic bias issue between
missions (different retrackers, corrections & meas. errors)

@ Need to develop physical interpolation methods using
hydraulic constraints/models
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Conclusion & perspectives

Mekong river (SAR)

©2013 Cnes/Spot Image WWCOOSI(’,‘

Data SIO, NOAA  US. Navy, NGA, GEBCO

lat 14,150767 " long 101,641231° élev. 122m Altitude 1545,15km
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Conclusion & perspectives

Mekong river (SAR)

River Water level profile

CryoSat-2 - Z (m) profile - Mekong
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Conclusion & perspectives

Congo river (SARin)
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Source Wikipedia.org
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Conclusion & perspectives

Congo river (SARin)

9 4‘7

i 4"

-
Date des images satelite : 24:4:2006 lat -3,006437" long 20,006974 slev-405 m Alltude 185122 km
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Conclusion & perspectives

Congo river (SARin)

River Water level profile

CryoSat-2 - Z (m) profile - Congo
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— Thank you ! —
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