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ERS 2, Jan 2010, Rügen
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Radar: Oberflächenstruktur

Why SAR? Watch through clouds, independent of sunlight

Optical: Clouds Radar: Sea Surface

Typhoon MEGI  mit MODIS und TS-X, Oct 20, 2010
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Wind Field: XMOD Algorithm
Geophysical Model Function  GMF (Wind      Roughness of Sea Surface)

Connection between Radar NRCS,  Wind Speed, Wind Direction and Incidence Angle 
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 Development of the X-band GMF for sea surface wind field retrieval
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XMOD1, linear inversion

XMOD2, non-linear inversion, comparable to CMOD GMF

XMOD1, Y. Ren et al, IJRS, tuning dataset from X-SAR (shuttle mission)
XMOD2, (tuning on TS-X data)
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Comparison of Wind Speed Algorithms
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TS-X Stripmap 
Aug.7, 2011 
at 17:18 UTC

VV polarization,
spatial res. 3 m

In Germany : High resolution wind field needed for
Alpha Ventus, Wind Farm North Sea
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Sea surface wind field derieved from the TS-X data over Alpha Ventus

XMOD2 XMOD1



Institut für Methodik der Fernerkundung bzw. Deutsches Fernerkundungsdatenzentrum

Folie 9
Earth Observation Center

9

DWD @ 18:00UTC

Comparison of TS-X wind measurements to DWD (global) model

Higher variability in TS-X data
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XWAVE: Sea State Parameters from TerraSAR-X Images
sub-scene

100 m

50 m

buoy spectrum 
integrated image spectrum 

2D image spectrum

2-D Imagespektrum im 
Wellenzahlraum

1D Spektrum
im Frequenzraum

signal intensity I

signal modulation m

image spectra S

filtering, Lmin, Lmax

Parameters: Hs, Lp,Tp…

XWAVE  function

I

TerraSAR-X SM

Elbe estuary

sub scene
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Wave measurements: Verification Peak wavelength and direction 

y = 0.935x + 14.234
R = 0.95
Si=0.14
Nobs=77

>120 m : Orange
120 -75 m: Green
55 -75 m: Violet 
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Azimuth Cut-off Wavelength 

Estimated Cut off wavelength = 46m

Buoy Wave height = 0.9 m 
Buoy Wind speed =3.2 m/s  
TS-X VV pol. collocated data; incidence angle=26.4°

Buoy wave height =5.9 m  
Buoy wind speed =5.4 m/s  
TS-X VV pol. collocated data: incidence angle=28°

Estimated Cut off wavelength = 160 m

40 m
50 m

40 m 40 m

50 m
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Azimuth Cut-off Wavelength 

Only collocated cases with wind measurements
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XWAVE algorithm wave height validation results

XWAVE results for in-situ NOAA buoy-collocated TS-X Stripmap VV pol. data
Center incidence angle of TS-X acquisitions < 38°

For an estimated wave height by the cut off wavelength < 4 m 

For an estimated wave height by  the cut off wavelength > 4 m 
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Case over buoys (I) :Range traveling waves
Tandem-X VV pol. image acquired over station 51000 with 31 ° centre incidence angle on November
the 17th , 4:15 UTC , 2010.

Hs (m) Tp (s) L(m) dir(°) U(m/s)

buoy 2.8 10.0 156 73 3.2

TS-X 2.8 10.0 156 74 3.9

2048 pixel subscene (~4.6km)

2D SAR spectrum 

1D spectrum (blue SAR, red buoy)
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Hs (m) Tp (s) L(m) dir(°) U(m/s) U10dir(°)

buoy 1.6 12.1 229 27 5.7 143

TS-X 1.4 12.2 221 21

TS-X image VV pol. acquired near station 41047 with 28.8° centre incidence angle on September the
11th at 10:51 UTC, 2011

1D spectrum (blue SAR, red buoy)

2D SAR spectrum 

2048 pixel subscene (~4.6km)

Case over buoys (II): Azimuth traveling waves
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Wavelength field Significant wave height field

40 30013065 195
Wavelength (m)

Wave analyses on a 1024 pixel box ~2.4 km

Wave height (m)
2 74.5 5.753.75

Coastal Sea state characterization 
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Wave height (m)
2 74.5 5.753.75

Hs
(m)

Tp
(s)

Λp
(m)

Dir
(°)

U
(m/s)

Udir
(°)

DWD         4.1 13.5 285 307 18.5 261

buoy 5.7 11.1 195 - - -

TS-X 6.0 11.6 210 298 16.6 260

Coastal Sea state characterization 

a) b) c) d)

TS-X Stripmap VV pol. acquired on Dezember, the 9th , 2011 5:42 UTC near Elbe Estuary

Hs=5.2 m
Dir =295°
L=165 m

Hs=3.6 m
Dir =267°
L=139 m

Hs=4.4 m
Dir=283 °
L=134 m

Hs=6.0 m
Dir =298°
L=210 m

a)

b)

c)

d)
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Boundary spectrum, composed 
of two parts:
- Swell (XWAVE) 
- Wind sea (JONSWAP)

Wind field: XMOD   Algorithmus
Sea state: XWAVE Algorithmus

TerraSAR-X Scene

Wind and boundary 
conditions Topography and 

wave model
Results of wave 
model

Use of Parameters Derived from SAR for  Numerical Wave Modelling
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Summary

Derivation of Coastal Wind and Wave Fields using TS-X 

XMOD1, linear tuned on X-SAR

XMOD2, CMOD type GMF, tuned on 200 TS-X data

Application for Offshore Wind Farms

TS-X Peak wave length and direction SI<14 %

XWAVE tuned on 200 TS-X scenes, up to 7 meters HS, SI 20%

Used for boundary conditions of coastal wave models


