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1 Introduction

This handbook provides guidance on the use of precomputed global height correction maps for Sentinel-6A
Synthetic Aperture Radar (SAR) altimetry, designed to reduce slope-induced measurement errors.
When the radar altimetry footprint intersects sloped ocean topography (such as near seamounts or trenches)
height measurements can be biased due to the displacement of the radar return signal away from nadir.
(Sandwell, 2014) proposed a height correction for Low Resolution Mode (LRM) altimetry. However, due to
differences in footprint geometry, this correction is not directly applicable to SAR altimetry.

This product provides dedicated height correction maps for Sentinel-6A’s ascending and descending tracks,
specifically adapted to account for slope effects in SAR altimetry. These maps are derived from the LRM-based
approach developed by (Sandwell, 2014), modified to reflect the geometry and orientation of SAR footprints.

Two global correction maps (one for ascending tracks and one for descending tracks) are provided in NetCDF
format for easy integration into existing altimetry processing chains.

1.1 Data Policy and conditions of use

The product is available free of charge for scientific studies and commercial activities.
When using this product, please cite

Any use of this dataset must cite its DOI 10.24400/527896/a01-2025.007 as well as the following sentence: "This
product was produced by CLS as part of the DUACS project and distributed by AVISO+ with the support of CNES."

2 Overview

2.1 Purpose

The provided correction maps are designed to improve the accuracy of unfocused SAR altimeter Level-2 to Level-
4 height products. This correction is applicable to Sentinel-6A unfocused SAR mode data and to other missions
with similar orbit inclination and instrument features.

2.2 Background

The correction maps are computed using a method adapted from the LRM slope correction proposed by (David
Sandwell, 2014), modified to reflect the rectangular geometry and orientation of SAR footprints, as illustrated
on Figure 1 (Alice Laloue, 2025).
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Figure 1 - LRM and SAR footprints relative to the satellite speed vector.




In SAR mode, the magnitude of the slope-induced error depends not only on the local slope but also on the
relative orientation between the radar ground track and the slope direction. This leads to a correction that varies
along ascending and descending tracks. Each correction map is provided on a regular latitude-longitude grid
matching the resolution of the underlying Mean Sea Surface (MSS) model used to estimate the slope. The maps
are time-invariant and only depend on the orbit geometry (ascending or descending) and the local MSS gradient.
They are stored in NetCDF format, with one file corresponding to ascending tracks and another to descending
tracks.

The maps can be directly interpolated along Sentinel-6A ground tracks and applied as a subtractive correction
to the measured sea surface height anomaly (SSHA) in order to account for local slope effects. The corrections
are expressed in meters and remain typically below 6 cm in magnitude, except in extreme topographic regions
such as near ocean trenches or seamounts.

3.1 Principle of the correction

Slope-induced height errors in radar altimetry arise when the radar footprint intersects sloping sea surface
topography. In such cases, the peak of the returned echo may not correspond to the nadir point but rather to a
displaced location, leading to a bias in the estimated sea surface height as shown in Figure 2. This effect is
particularly significant near seamounts, oceanic ridges, or trenches.
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Figure 2 - Schematic diagram of LRM altimeter footprint and slope correction Ah.

(David Sandwell, 2014) proposed a first-order correction for this error in Low Resolution Mode (LRM) altimetry,
based on the projection of the MSS slope along the satellite's across-track direction. However, SAR altimetry
introduces rectangular footprints. Therefore, a modified formulation is required.

3.2 Adaptation to SAR mode

In SAR mode, the footprint can be approximated as a narrow rectangular shape aligned with the satellite velocity
vector. The local slope-induced bias is then a function of:

e The magnitude of the local MSS gradient,
e The orientation of the SAR footprint relative to the MSS slope orientation.

Figure 3 shows different cases of approach angles between the SAR footprint and an MSS slope with a maximum
slope angle «. Figure 3a illustrates the case where the SAR footprint is perpendicular to the MSS slope. Here, the
nadir point is at the same height as all points within the footprint, requiring no height correction. Figure 3b
shows the SAR footprint aligned with the MSS slope. In this case, the maximal height correction is needed,
matching the magnitude of the correction used in the LRM-based approach. Finally, Figure 3c represents the
general case where the SAR footprint is oriented at an arbitrary angle 8 in the (x, y) plane. The corresponding
height correction is then based on an equivalent angle a.,, which is a function of both a and .



<y

SAR altimeter

SAR altimeter

M55 slope

(a) Case 1. (b) Case 2.

SAR altimeter

<

View (x.v) plane

MSS slope

e

(c) General case.

Figure 3 - Different cases of approach angles between SAR footprint and a MSS slope.
The slope-induced error, Ah, is modeled as:

2 (1)
With :
@eq = tan(a) sin (B) (2)

where « is the local ocean slope (in radians) with respect to the ellipsoid and  the approach angle (i.e., the
angle of the SAR footprint relative to the MSS slope). H, is the effective altitude of the satellite, H, = TR
(Wingham, 2004).

3.3 Computation of correction maps

The following steps are used to generate the global correction maps:

1. Computation of MSS slopes and slope orientations
Local slopes a are derived from the Mean Sea Surface (MSS) Hybrid-23 model (Alice Laloue, 2025).
The directions of greatest slopes are computed at any point.

2. Computation of track orientations

At each grid point and for both ascending and descending tracks, the local track azimuth angle is
calculated.

3. Computation of approach angles

The relative angles B between the slopes’ orientations and the track orientation are computed at any
point of the grid.



4. Height correction grids

The height correction is then calculated using Equations (1) and (2), based on the local slope magnitude
and its orientation relative to the track, at any grid point.

5. Use of the height correction grids

The resulting height correction fields can be directly used in their gridded form for L3 and L4 height
products from Sentinel-6A SAR altimetry or any mission with similar orbit inclination. Alternatively, they
can be interpolated along the ground tracks of these missions, and applied to L2 and L2P height
products.

3.4 Resulting maps

The resulting correction values are stored on a global grid matching the MSS resolution. One map is produced for
ascending tracks, and another for descending tracks. These maps are saved in CF-compliant NetCDF format, with
metadata and coordinate variables included for ease of use.

Figure 4 and Figure 5 illustrate the obtained correction maps for ascending and descending tracks.
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Figure 4 - Height correction grid for Sentinel-6A SAR mode - ascending tracks.
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Figure 5 - Height correction grid for Sentinel-6A SAR mode - descending tracks.




3.5 For more information

Further methodological details and results, complementary to those presented in this handbook, are available in
the following publication:

Gamot, J., Pujol, M. I., Schaeffer, P., & Bignalet-Cazalet, F. (2025). Slope correction for ocean SAR altimetry.
ESS Open Archive . February 18, 2025. https://doi.org/10.22541/essoar.173991386.64041762/v1

4 Slope correction for Sentinel-6A SAR altimetry product

Height corrections grids for Sentinel-6A SAR altimetry and for ascending and descending tracks are provided in a
unique NetCDF file named as:

height_correction_s6a_sar_asc_desc.nc

5 Data Format

This chapter presents the data storage format and convention used for Sentinel-6A SAR altimetry slope correction
product. All products are distributed in NetCDF-4 with norm CF. NetCDF (Network Common Data Form) is an open
source, generic and multi-platform format developed by Unidata. An exhaustive presentation of NetCDF and
additional conventions is available on the following web site:

https://www.unidata.ucar.edu/software/netcdf/

All basic NetCDF conventions are applied to files. Additionally, the files are based on the attribute data tags
defined by the Cooperative Ocean/Atmopshere Reasearch Data Service (COARDS) and Climate Forecast (CF)
metadata conventions. The CF convention generalises and extends the COARDS convention but relaxes the
COARDS constraints on dimension and order and specifies methods for reducing the size of datasets. A wide range
of software is available to write or read NetCDF/CF files. APl made available by UNIDATA:

o C/C++/Fortran;
» Java;
* MATLAB, Objective-C, Perl, Python, R, Ruby, Tcl/Tk.

5.1 Dimensions

The NetCDF file contains two spatial dimensions:
e latitude: number of latitude points in the regular grid (from south to north),

e longitude: number of longitude points in the regular grid (from west to east).

These dimensions correspond to a global grid with a regular spacing of 1/60° in both latitude and longitude. The
correction values are stored for each grid point.


https://doi.org/10.22541/essoar.173991386.64041762/v1
https://www.unidata.ucar.edu/software/netcdf/

5.2 Data Handling Variables

The variables included in the product are described below:

Name of variable Type Content Unit Dimensions
latitude float Latitude values degrees_north (lat,)
longitude float Longitude values degrees_east (lon,)
correction_poca_ascending | float | Height correction due to slope meters (lat,lon)

effect for ascending tracks
(Sentinel-6A, SAR mode)

correction_poca_descending | float | Height correction due to slope meters (lat,lon)
effect for descending tracks
(Sentinel-6A, SAR mode)

Table 1 : Product variables

All correction fields are expressed in meters and correspond to the estimated slope-induced bias of the radar
altimetry measurement in unfocused SAR mode.

Each correction value can be applied as a subtractive adjustment to sea surface height anomaly (SSHA)
measurements or other height products to reduce topographic slope bias.

6 Slope correction for Sentinel-6A SAR altimetry product version

The evolutions hereafter are listed hereafter :

Version Delivery date Period FA Evolution with respect to previous version
v1.0 ’ 2025-06-23 ‘ - ‘ ‘ Dataset creation

7 Products policy and accessibility

The use of the products is described in the AVISO+ License Agreement.

The products are available via authenticated servers:

e  CNES AVISO FTP/SFTP access (with AVISO+ credentials):

o ftp://ftp-access.aviso.altimetry.fr:21
o sftp://ftp-access.aviso.altimetry.fr:2122
path: /auxiliary/slope_correction_for_sar_altimetry

(] CNES AVISO THREDDS Data Server access:

https://tds%400datis-ocean.fr:odatis@tds-odatis.aviso.altimetry.fr/thredds/catalog/dataset-auxiliary-slope-
correction-for-sar-altimetry/catalog.html



https://www.aviso.altimetry.fr/fileadmin/documents/data/License_Aviso.pdf
https://tds%40odatis-ocean.fr:odatis@tds-odatis.aviso.altimetry.fr/thredds/catalog/dataset-auxiliary-slope-correction-for-sar-altimetry/catalog.html
https://tds%40odatis-ocean.fr:odatis@tds-odatis.aviso.altimetry.fr/thredds/catalog/dataset-auxiliary-slope-correction-for-sar-altimetry/catalog.html

8 Contact

For more information, please contact:

Aviso+ User Services
E-mail: aviso@altimetry.fr
On Internet: https://www.aviso.altimetry.fr/

The user service is also interested in user feedbacks; questions, comments, proposals, requests are much
welcome.
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