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Spatial variability of sea state (~300m) by TerraSAR-X images
XWAVE aIrih
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Near Real Time Services for TS-X in < 20 min in European MarSur Projects
MARISS with EMSA, JRC, ESA, several European satellite providers
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Wind Field: XMOD Algorithm

Geophysical Model Function GMF (Wind—> Roughness of Sea Surface)
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» Development of the X-band GMF for sea surface wind field retrieval

XMOD1, linear inversion

XMODZ2, non-linear inversion, comparable to CMOD GMF

2
aoU19,0,0)= zO<An(um,«9,(p>cos{n(p}>
n=

U;o — wind speed;
6 — incidence angle;

@ — angle between wind direction and SAR look direction

XMOD1, Y. Ren et al, IJRS, tuning dataset from X-SAR (shuttle mission)
XMOD2, X. Li et al, Spie 2011 (tuning onTS-X data)
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Comaprison of Wind Speed Algorithms
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Case study over Alpha Ventus

Alpha Ventus is the first offshore wind farm of Germany, located at the North Sea

Windpark alpha ventus
mit Energiekabel
@ Messplattform FINO 1
@ Festlandsockel / AWZ
Il 12-Seemeilen Grenze

54"0°'N

5MW Wind turbine
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Case study over Alpha Ventus, Wind Farm North Sea

TS-X Stripmap
Aug.7, 2011
at 17:18 UTC

VV polarization,
spatial res. 3 m
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Sea surface wind field derieved from the TS-X data over Alpha Ventus
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Comparison of TS-X wind measurements to DWD (global) model
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XWAVE.: Sea State Parameters from TerraSAR-X Images
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Peak wavelenght (m) TSXx
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XWAVE Algorithm: estimation of Significant wave height from TS-X data

based on analysis of image spectra and uses fitted parameters

Hs = a, -4\/E sim 6(1.0 +a, cos( o)) + a,

E  -total energy calculted from the image spectrum
in domain 4 . and 4 __ .

0 - the incidence angle

a - peak wave direction relative to azimuth

(satellite flight) direction

a,..a; - coefficients determined by TS-X,TD-X data fitting with wave
height given by buoys and DWD (German weather center)
wave model data.
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Modelling of Sea State over Helgoland with K Model
and boundary conditions from TS-X
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The wind fie

boundary spectra include two parts:
- swell (obtained using XWAVE)

- wind sea (JONSWAP spectra)
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Boundaty spectra from TSX
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SWH from K-Model with boundary conditions from TS-X
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Application: Sea-State spatial Variability and Wind Field estimation
using TerraSAR-X Synthetic Aperture Radar Data

sea state at wave power plant differs
from the one at the buoy location

Comparison of spectral shape
parameters for image and wave
spectra

collocated 4 Independent
measurement measurements

Wave power plant

o)

. Buoy
3 °

- Spatial variability is observed
by TS-X imagery

- Wind field estimated
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Pico island: TD-X Sti"pma_p VV polarization.

February 14, 2011 19:49
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Determination

using Dispersion Relation J———

sigma naught [dB]
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: Optical and SAR data:
TS-X Spotlight y oy fusion and synergy
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Determination of Underwater Bathymetry
Validation

Dyess™ Drsx

relative deviation =

ecilet 47 400000 - -44 486667

A.Plekachevky et al e

wave breaking zones masked

Oceandynamics, 2011

Deutsches Zentrum
fiir Luft- und Raumfahrt eV,
in der Helmholtz-Gemeinschaft

i DLR

no data

o m-06--05

H0.9-1
m0.38-09
m07-08
m06-0.7
0.5-0.6
0.4-0.5
0.3-0.4
w0.2-03
0.1-0.2
0-0.1
-0.1-0
-0.2--0.1
W-0.3-0.2
-0.4--0.3
-0.5--0.4

m-07--06
W-08--0.7
H-09--08
M-1--0.9

Earth Observation Center



Summary

Obtained information on the highly variable wind field and sea state in coastal
areas using high resolution TerraSAR data

Use information from refraction to obtain underwater bathymetry

Methods
7 Estimation by XMOD and XWAVE algorithm

=7 Comparison/Validation of wind field sea state parameters derived from
TS-X SAR data with in-situ buoy measurements.

7 Characterization of sea sate using integrated sea state and spectral
shape parameters

Goal
Real Time Satellite Services for North Sea, Baltic Sea, Mediterranean in

cooperation with DWD

4#7 NRI Maritime Monitoring Services in European Framework, EMSA, JRC,

" FRONTEX:
i HNz-BETiAhaft Earth Observation Center
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Land-Water Line Bathymetry Sea Ice
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Pico island: Spotlight VVV polarization, 27 March 2010 19:41
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Implementierung aus SAR abgeleiteter Parameter

Seegangsmodelle
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Graciosa island: Stripmap VV p

Data SIO, NOAA, U 8. Navy, NGA, GEBCO

@ 2011 Eurcpa Technelogies)
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