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Context

* Space Hydrology is difficult because:

- very wide variety + variability of scenarios (high/low waters
combined to changes of lake bathymetry, river beds, river paths and
islands, changes of roughness due to wind or discharge (surface current),

trophic phenomenons, case of mountain lakes, vicinity of cities (high
backscatter), mix of all this ...)
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Context

 Space Hydrology is difficult because:

- very wide variety + variability of scenarios (high/low waters
combined to changes of lake bathymetry, river beds, river paths and
islands, changes of roughness due to wind or discharge (surface current),
trophic phenomenons, case of mountain lakes, vicinity of cities (high
backscatter), mix of all this ...)

- in altimetry - loss of accuracy & precision.
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Context

. Space Hydrology is difficult because:

very wide variety + variability of scenarios (high/low waters combined to changes
of lake bathymetry, river beds, river paths and islands, changes of roughness due to
wind or discharge (surface current), trophic phenomenons, case of mountain lakes,
vicinity of cities (high backscatter), mix of all this ...)
- in altimetry - loss of accuracy & precision.

- off-NADIR hookings : tracker window not always centered at NADIR
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Ccnes Context

Contributions of Off-NADIR water areas : LRM case (Jason2) : = hyperboles
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Context

* Cryosat-2 SAR mode showing some portions of hyperboles due to
dominant across-track Off-NADIR water areas (Amazon)

CryoSat-2 SAR 20Hz Waveforms power dB
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Data from Salvatore Dinardo Nov 2012.
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Latitude (deq)

Context

Cryosat-2 ESA/L2 SARIn showing of Off-NADIR pointing, [Bercher et al., 2013]

CryoSat -2 -SARInZ (m] Upstream Amazon
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 Space Hydrology is difficult because:

very wide variety of scenarios (high/low waters combined to changes
of lake bathymetry, river beds, river paths and islands changes of
roughness due to wind or discharge (surface current), trophic
phenomenons, case of mountain lakes, vicinity of cities (high
backscatter), mix of all this ...)

- in altimetry - loss of accuracy & precision.
off-NADIR hooking: tracker window not always centered at NADIR
space and time variability of the water area with :

low waters - contaminated waveforms due to sand banks ...
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Context

* Space Hydrology is difficult because

very wide variety of scenarios

- in altimetry - loss of accuracy & precision.

off-NADIR hooking: tracker window not always centered at NADIR
space and time variability of the water area with :

low waters » contaminated waveforms due to sand banks ...

Existing SARM data (CS2) faces most of these issues + geodesic orbit !

* Questions

« How to produce water heights with a more consistent accuracy and
precision over time in both SAR and LRM ?

e Can we characterize S3 waveforms over inland from Cryosat-2 data ?
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Context

* Both questions find a common answer :
* the principle of Fixed Virtual Stations is weak, even on repeat

tracks
- FVS manually defined as the intersection area of satellite track and riverbed :

* OK for large rivers,
* Defining FVS on a large scale is too much work for small ones + sensitive to

orbit change or drift
* Huge under-sampling of hydrological basins !
* What if sand banks and bathymetry change over time ?

* new framework with Automated Water Masking

- use updated water masks => synergy with imaging missions (S1)
- L1B - characterization (L1B, possible backward analysis of L1A and L1B-S),

- L2 - measurements within the new framework
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Objectives

. Performlng an automated water masking of L1B/L2

provides a flexible frame for the definition of VS
— unlocks the exploitation of geodesic orbits (full Cryosat-2 archive)
- eases the waveforms characterization (water / transition / non-water)
— makes it possible to account for space & time variabilities of water-bodies.

* Howto ?
- Compute the Doppler Footprints — to - Water Masks intersection area
- Define classes according to % of water mask within footprint
— Build Statistics (from beam behaviour param.) per class.
- Average waveforms per class.
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s,

Objectives dcesa

Track from CS_OFFL_SIR_SAR_1B_20140416T090624 20140416T090836_B001.DBL

SWBD shapefiles :
w059s04s.shp, w059s05s.shp,
w060s04s.shp, w060s05s.shp,

Beam-Doppler limited
footprint computed, at each
record, from the actual
system parameters found in
the .DBL records !
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Zoom more
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« Beam-Doppler footprint (eq. From Cryosat-2 handbook)

Across-track beam size
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* Pulse-Doppler footprint (eq. From Cryosat-2 handbook)
Across-track beam size
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Methodology

* Compute:

% water = beam water pixels/

* While reading the acquisition parameters for each record and building
the Beam-Doppler limited footprints we also access the beam
behaviour parameters contained in the L1B products.

* Extract beam behaviour parameters from L1B (Stack Range Integrated
Power Distributions)

Mean Stack Standard Dev of the Gaussian PDF fitting the stack RIP / record
Mean Stack Centre of the Gaussian PDF fitting the stack RIP / record

Stack Scaled Amplitude : amplitude scaled in dB/100 / record

Stack Skewness : asymmetry of the stack RIP distribution / record

Stack Kurtosis : peackiness of the stack RIP distribution / record

+ 3rd SPACE FOR HYDROLOGY WORKSHOP | Surface Water Storage and Runoff: Modeling, In-Situ data and Remote Sensing

15-17 September 2015 | ESA-ESRIN | Frascati (Rome), Italy



* CryoSat-2 L1-B baseline B data over Amazon

* Variable Instrument parameters (sat. velocity, tracker range, lat, lon)
are read in the L1-B files

* Fixed bandwidth, PRF, antenna, carrier freq., etc.)
* SWBD water masks :

- WARNING : old (SRTM) description of the Amazon
- WARNING : preliminary results only to illustrate the method
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S

Tapajos & Amazon :
CS_OFFL SIR SAR 1B 20140310T104112 20140310T104325 B001l.DBL
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Ccnes Results

Tapajos & Amazon :
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Ccnes Results

Riu Xinqu - April 2014

CAUTION when comparing unbalanced classes

4500 | Histog ram of the Watelr Fractions
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Ccnes Results

Riu Xinqu - April 2014
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esa.cryosat_2.11b : 'stack_scaled_ampl*
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é cnes
Riu Xingu - April 2014

S

Standard Deviation of the Gaussian PDF fitting the RIP vs Water Fraction

esa.cryosat_2.11b : 'standard_dev’
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Ccnes Results

Riu Xingu - April 2014
Stack Centre versus the Water Pixels Fraction.

esa.cryosat 2.11b : 'stack_centre'
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Ccnes Results

Riu Xinqu - April 2014

Standard Deviation of the RIP vs (Skewness of the RIP, Water Pixels Fraction)
High Water Fraction => High Standard Deviation and Low Skewness
Expected : symmetrical response of water surfaces

3D Space-Time Sampling for esa.cryosat_2.11b : 'standard_dev'
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Ccnes Results

Riu Xinqu - April 2014

Standard Deviation of the RIP vs (Kurtosis of the RIP, Water Pixels Fraction)
High Water Fraction => High Standard Deviation and Low Peakiness
Unexpected : may be due to surface roughness (current, wind) or wrong
Peakinesg complitation in'baseline B?
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Ccnes EHIIES {cesa

Riu Xinqu - April 2014

Standard Deviation of the RIP vs (Kurtosis of the RIP, Water Pixels Fraction)
High Water Fraction => High Standard Deviation and Low Peakiness
Unexpected : may be due to surface roughness (current, wind) or wrong

3D Space-Time Sampling for esa.cryosat_2.

Peakiness computation in baseline B?
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 The whole technique is worth the effort if we can
get watermasks in an automated manner on a
regular basis.

* Sentinel 1 offers a perfect synergy with S3
 Automated delineation works (next slide)

* Transcription into watermasks from delineated
Images is on the way at ALONG-TRACK !
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Ccnes Conclusions

 We developed a tool to generate Doppler Footprints per record
from the L1-B data

* And to intersect it with watermasks

* We've highlighted the need to use the water fraction
iInformation within the Footprints to help analysis

* We've automated these tasks

* This automated framework changes the paradigm of VS and makes it
possible to go further into details and better exploit Cryosat-2 data over
inland water
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Ccnes Perspectives

* Preliminary results:
- Need thorough check
- More editing: use products quality flags
- Balance the water classes
* Use up to date water masks derived from Sentinel-1

* Apply the tool to the new Baseline C
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