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 AsteriX: A Level-2 PICTA-based algorithm for retrieving multiple off-nadir elevation over rivers

= First Polygon-Informed Cross-Track Altimetry (PICTA) introduced on Fully focused SAR data only (Ehlers et al, 2025, Chen et al, 2025)

= Off-nadir elevation retrieval reduces slope-induced error for validation of altimetry virtual station (VS) (Renou et al. (2025))

We present our new Altimetry System To Estimate Rlver levels X-track, called AsteriX, that automatically estimates off-nadir river
WSE from UnFocused SAR altimeter waveforms.

% Using UFSAR Sentinel-3A/B Hydrology waveforms over rivers

@ Comparison with in situ data over the French network

@ Towards a global application
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O AsteriX logicalflow:

For every 20Hz SAR measurement, we compute:
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(from Calassou et al, 2026 (submitted, under review)
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U Step #1:Intersection between the SAR band with river contour

Goal: To determine the theoretical position of the basckscattering
then used for the slant range correction (SRC) computation

Case A - Point in the middle of the river width, assuming constant
width along-track within the SAR band.

Case B - If no cross-track intersection but only along-track

Case C 2 Using the pole of inaccessibility of the intersected river
section: Guarantees that the point remains inside the polygon.

3
]
&

(from Calassou et al, 2026 (submitted, under review)
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DStep #2. Cross-track altimetry equation and slant range correction

Over rivers, water surface height WSH can be approximated as :

WSH = H, — R + K.x2

A A along-track
Top view

withK = (2H.) 1+ (2R,)?

K.x? the slant range correction term PR
satellite X

M <€
altimeter

WC

river bank
locations

H; : Satellite orbit

R : Altimeter range estimate

x : Carthesian distance [ground track - river]

R, : Earth radius

Assuming geophysical correction included in R

cross-track

river segment

B altitude y
Side view
satellite altimeter
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WGS84 e\\'\de‘d river bank

- location

(from Ehlers et al, 2025)
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HODOLOGY

O Step #2: Slant range correction and uncertainty
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(Illustration from Calassou et al, 2026 (submitted, under review)
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Altimetry SAR|
observation River Polygon DB

U Step#3to#6:

Prior river heights
considering SRC
Eq. 3
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crosstrack
distance

River polygons
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Peak detection, retracking and peak-to-wb assignation: iterative process over peaks and water bodies
for each 20Hz measurement. -
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(from Calassou et al, 2026 (submitted, under review)
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DATION SITES
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(C) OpenStreetMap contributors (C)
CARTO ; - (figures from Calassou et al. (submitted, under review)
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Topage Database® (from IGN)
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ULTS OVER FRENCH RIVERS
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(from Calassou et al, 2026 (submitted, under review)
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ULTS OVER FRENCH RIVERS

O Results over Vilaine for cycle 80 of Sentinel-3B:
- Retrieving multiple river profiles for cycle 80

- Taking the measurement within 200m from the in-situ station for comparison
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(figures from Calassou et al. (submitted, under review)
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ULTS OVER FRENCH RIVERS
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LOBAL APPLICATION
% /i

U Toward a global application: Same method but different inputs

» Open Street Map (OSM) for water bodies polygons
» COPERNICUS DEM 30m resolution to project elevation on the polygons

0.11 0.21 031

OSM Standard Map
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O Garonne, France
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S3B, cycle 71, Pass 156 — River Kasai / meas. 214
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O Conclusions
v Estimates longitudinal river profile from UFSAR altimetry waveforms provided by ESA for the Sentinel-3 mission

v’ It strongly reduces the river slope influence when compared with a classical nadir-based approach because it can sample closer
to the VS. Could be used to defined new off-nadir VS.

v Fully automated with few processing parameters and polygons of the water bodies.

v" Applicable at global scale (ex: OSM + global DEM) and provide SRC uncertainties
and information that can be used for data flagging and determining off-nadir VS

ELSEVIER Advances in Space Rescarch xx (2006) xax-xxx

Retracking multiple off-nadir river elevations with Sentinel-3 and
Sentinel-6A altimetry missions

Gabriel Calassou®, Marie Chapellier*, Carlos Yanez®, Baptiste Gombert®, Nicolas Taburet®, Frangois
0,

O Perspectives

*%* Refining the peak-to-wb assignation process (under review)

s Waveform modelling currently not suited for large river in cross-track geometrie (waveform widening)
% Prior information from SWOT River SP database (200m spacing) and SWOT PIXC for narrow river

s Applicable for the upcoming S3C and CRISTAL !
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LET’S GO BEYOND NADIR !

THANK YOU
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