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GUST — a unified framework for wind retrieval

Motivation What is GUST?
Modular Python code for wind vector retrieval from heterogeneous
New radar platforms — scatterometers, SARs, radar observations:
altimeters, multi-static constellations — arrive faster . MLE inversion, configurable GMF (CMOD7, NSCAT-4 ...)
than legacy processors can adapt. One flexible - 2DVAR ambiguity removal (KNMI heritage)
Python framework replaces many rigid chains. - PyTorch on CUDA / MPS / CPU

- YAML-configured I/O and instruments

Validation

Modular design enables rapid adaptation to:

- cross-pol, Doppler, multi-band / angle sensors
- probabilistic GMF for multi-source fusion

- multi-parametric GMF (wind + wave + current)
- next-gen missions (Metop-SG, Harmony, ...)

Fully reproduces KNMI AWDP on ASCAT:

-56.3 M wind vectors, 30 days of MetOp-B

- corr 0.9994 vs AWDP L2B

- bias +0.012 m s, wd MAE 1.77° (ws =4 ms™)
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Processing workflow

GUST Design Principles

*Generic: instrument-agnostic core,
supports multiple scatterometer
instruments (ASCAT, SCAT, SWIM,
future)

*Modular architecture: plug-in
GMFs, configurable inversion and
AR methods

*Python-based with efficient
vectorized oo processing

*Validated against established
products (KNMI ASCAT winds,
EUMETSAT OSI SAF)
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Inversion — MLE over multi-view ¢°

MLE cost surface per WVC — ambiguities as local minima Maximum Likelihood Estimation
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- Minimises J(u,v) over all views

- Accounts for measurement noise (Kp)
- Returns multiple wind solutions
- Grid search + local optimisation

Wind speed (m s™)
Normalised cost

Supported GMFs

. CMOD5.n / CMOD7 — C-band (ASCAT)
- NSCAT-4 / CSCAT — Ku-band (SCAT)

y = T o - - G - Pluggable LUT or analytic form
Wind direction (°)

MLE cost surface (wind speed vs direction); 2 — 4 ambiguities emerge as local minima.

GUST - IOVWST 2026 - A. Mironov - eOdyn 4



Ambiguity removal — 2DVAR with NWP background

2DVAR spatial analysis — NWP-anchored L-BFGS 2DVAR method

7 - Variational analysis on NWP prior
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Ambiguities (multiple per WVC)
Il 2DVAR analysis

Along-track (WVCQC)
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L-BFGS variational analysis anchored to ECMWF background.
Vogelzang et al. 2009; Lin et al. 2016 — KNMI 2DVAR heritage.
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ASCAT inversion — three 2DVAR solvers compared

GUST vs AWDP Comparison
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corr 0.9994 bias +0.012 ms™
GUST vs KNMI AWDP — scatter per solver (vectorised, L-BFGS, L-BFGS + MSS-144); 30-day, 56.3 M WVC MetOp-B aggregate.
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ASCAT wind speed — AWDP, NWP, GUST
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Single ASCAT orbit (MetOp-B); three fields rendered on the same global footprint — visual agreement is tight.
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ASCAT difference maps — wind speed & direction

LBFGS: GUST - AWDP Difference Maps
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GUST - AWDP; residuals concentrate near swath edges (geometry) and at low winds (GMF sensitivity).
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CFOSAT-SCAT — GUST vs CWDP reference
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Full orbit comparison; Ku-band rotating-fan geometry (2 — 16 views per WVC) handled by the same inversion core.
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SCAT archive — calibration is the bottleneck
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Empirical a° correction by incidence angle, HH vs VV; one day from 2021.
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Known issues

- Instruments signal drift over mission
- Near-nadir and swath-edge quality
- Signal re-calibration required regularly

- Low winds (< 4 m s™) disproportionately
affected

Next priority

- Corrected L2A o° to reprocess full archive
- GUST isready — data is the blocker
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SWIM — developing a Ku-band wind GMF
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Azimuthal anisotropy at Ku-band near-nadir

Existing GMFs stop at ~20° incidence; SWIM operates 0°-10°. Empirical model required — from sigma-zero vs NWP collocations,

per-beam.
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CFOAST SWIM wind retrieval — prototype & plan

Planned in GUST
Simulated SWIM wind swath (15 km grid) with CFOSAT-like inclination (97.4°)

60 -

- SWIM L2 0% ingester (6°, 8°, 10° beams)

- Per-beam SWIM GMF plug-in

- MLE inversion for near-nadir geometry
14 - Joint SWIM + SCAT retrieval under study
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] - Nadir wind speed retrieval working

3 - Off-nadir wind vector at prototype stage
- Validation vs SCAT and ASCAT winds in progress

30 A

-30 -28 -26 —-24 =22 =20 -18 -16 -14
Longitude (deg)

Simulated SWIM wind swath (15 km grid, CFOSAT-like orbit).
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Sentinel-1 SAR — running in GUST
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S1B IW GRD-H, 2019-12-09, Baltic Sea; c° = retrieved 10-m wind (2DVAR) with ERA5 prior.
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Bringing SAR into the scatterometer
pipeline

- GRD tiled into 1 km wind cells; 3x3
sub-cell views

- Per-view o° variance from pixel stats
(no Kp)

- Same multi-view MLE + L-BFGS
2DVAR core

- CMOD5.n GMF; ERA5 background

First results

- ~95 % NWP direction agreement (2
amb)

- ~4 000 WVC s on MPS

- SAR directional cusps handled by MLE
smoothing
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Future instruments — one framework, many missions

Integrated

- ASCAT (MetOp-A/B/C) - CFOSAT-SCAT - Sentinel-1 SAR

Next up

- SWIM off-nadir winds (Ku-band GMF in progress)
- HY-2 series (Ku-band scatterometer)
- Harmony (C-band, bi-static)

- Metop-SG SCA (next EUMETSAT scatterometer)
- SWOT KaRIn, nadir altimeters (Sentinel-3/6)

Multi-source layers stack naturally in the Common
Intermediate Format.
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Take-aways

GUST fully reproduces KNMI AWDP on ASCAT — corr 0.9994, bias +0.012 m s™!, wd MAE 1.77° (ws=4 ms™'; 56 M
WVC, 30 days).

The same inversion + 2DVAR core already serves CFOSAT-SCAT (Ku-band, 2 — 16 views) and Sentinel-1 SAR; SWIM is
under active development.

PyTorch on CUDA / MPS / CPU (15 000+ WVC s™) + YAML configs make new missions a matter of configuration, not
re-engineering.

GUST will be released as open source to the scientific community — open for reuse, extension, and collaborative
development.

alexey.mironov@eodyn.com - Thanks to KNMI (AWDP heritage), IWWOC, CNES, Ifremer / LOPS

e@dyn _CFOSAT Ifremer cnes
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