Comparison of Sea State Parameters derived from multiple SAR Missions
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Sentinel-1 (S1) C-band Interferometric Wide

Swath Mode (IW) and TerraSAR-X (TS-X) X-

band StripMap (SM) Modes were collocated coverage examples

for sea state analysis. The majority of all

maritime data in the archives of both satellite

missions in 2020 and 2021 were processed

SENTINEL-1

(ca. 25,000 S1 IW scenes) using the new DLR Ground Speed GEK

algorithm “SAR-SeaStaR” (SAR Sea State

Orbital period: 98 min
Launch: Sojus-2.1b rocket
SAR sensor: C-band 6cm

Retrieval). In term of wave height, the reached
worldwide accuracies are RMSE=0.43 m for S1 ireland

IW (10 m pixel spacing) and RMSE=0.34 m for
TS-X SM (1.2-3.5 m pixels) by comparison

with hindcast models.

SAR-SeaStaR (SAR Sea State Retrieval) algorithm workflow

1. General step for all processing branches

SAR scene reading, calibration

land masking

2. Sub-scenes preparation

sub-scenes initializations (rastering)

NRCS outliers filtering
>>mean NRCS (e.qg. ships) , <<mean NRCS (e.g. oil)

denoising (rescaling, Gauss- filtering)

3. SAR-features estimation

SAR geometry: incidence angle, type
ST1A/B, TSX/TDX etc.

NRCS, statistics (variance, kurtosis ... )

Geophysical (wind)
GLCM features
CWAVE features + cutoff
FFT-based

control-of-features, filtering non-valid values

4. Applying model functions (MF)

Level-1: Empirical MF based on CWAVE_EX linear regression

Level-2: Machine Learning MF based on SVM

5. Sea state parameters estimation and control

TerraSAR-X

Altitude: 514km

Ground Speed: 7.1 km/s
Orbital period: 94 min
Launch: Dnepr rocket

SAR sensor: X-band 3.1cm

Sea state: ocean surface waves as moving targets in satellite radar imagery

calm - slight moderate - rough very rough - high

H.~1.5m
L, ~80m

. Significant wave heights processed form both satellltes S1 and TS- X for two years Were
collocated to each other, to a spectral hindcast wave model, and to buoy
measurements in order to evaIuate uncertainties in the sea state processmg

Direct coIIocatlon S1 IW and TS X SIVI example

S$1IW: 2020-02-03 05:04:56 collocatlon <1 min
TS-X SM: 2020-02-03 05:05:00

ca.10%

Mediterranean Sea

Hs - significant wave height TmO - mean wave period

Hs-swell-1 - dominant swell wave height Tm1 - first moment wave period

Hs-swell-2 - secondary swell wave height Tm2 - second moment wave period

TSX1_SAR__ MGD RE SM S SRA_20200203T050500_20200203T050510

Hs-windsea - wind sea wave height Tmw — wind sea wave period

S1B_IW_GRDH_1SDV_20200203T050456_20200203T050521_020100_0260B2_F8B9

Control-of-results -comparison to control features and to other parameters (wind, Tm2, swell, etc.)

Storing results with keys (ascii, nc, etc.)

New DLR algorlthm SAR-SeaStaR (SAR Sea State Retrieval)
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"'_reallzed in Sea State Processor as part of the SAR AIS

'Integrated Toolbox (SAINT) package for processing meteo-
: marlne mformatlon, targets and processes at sea surface

from SAR imagery. The current version includes
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S1 IW and TS-X subscenes collocation

S1I1W and TS-X SM

MEAN STIW: 182m subscenes collocations
MEAN TS X SM: 1.74m <30 km

<30 min
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TOTAL NUMBER OF COLLOCATED SCENES: 185
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TerraSAR-X |v| SAR

N: 400,041

| RMSE: 0.34 m
BIAS: 0.01m
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crss comarisons coIIocated S1-IW, TS-X SM, model, buoys ¢

cross-comparison matrix RMSE (m) N=152
Model | TS-XSM | S1IW | Buoys
Model - 0.40 0.49 0.28
TS-X SM - 0.34 0.39
S11W - 0.50

Buoys
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