Ocean wave measurements by TerraSAR-X
Waves Travelling into Sea Ice
East Greenland Case
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Sea State and Eddies at the Sea Ice Boundar
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Synoptic situation on 2013-02-03 6UTC
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Synoptic situation on 2013-02-04 6UTC
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Wave Model Spectrum ECMWF

NORMALISED 2-D SPECTRUM for 0001 wave od
06:00Z on 05.02.2013
at 00000 ( 66.00, 332.50)

Hs= 5.02m, Tm=11.67s, Tp=14.86s
Peakedness Qp = 1.62, Directional Spread = 0.83
MWD = 343 degrees PWD = 30 degrees
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 0.025 Hz

Normalised spectrum

0.96

wave spectra from ECMWF
long and short/young swell consistent
with TS-X shown



01 00m S0y




520,
770,
720,
570.
520,
570.
020,
470,
420,
370.
320.
270.
220.

170,

i DLR

Maxima of TS-X Spectrum

.0 Fourier power spectrum
, Showing 2 maxima:

-# swell waves of more than
. 300 m length travelling close to

azimuth direction,

.B

= shorter waves of ca. 180 m

length travelling more in range

* direction




TS—XCrossSpectrum o
Swell Peak of > 300 m e e

peak wavelength of 358 m and 367 m,

travelling to NE
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~150

swell waves of

150 to 200 m length
travelling in South-
western direction,

Again velocity dispersion
IS observed
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lllustration of the data on the peak wavelength obtained from the images 2 to 5.
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Velocity Dispersion of Swell at a fixed time (contrary to a fixed place)

For storm distance D to the location of measurement there is the relation
For wave length L, group velocity v and travel time T we have the relation:

D(L,t)=v(L)t= 05sqrt(1.56 *L) t =0.63sqrt(L) t (1)
For wave length L and fixed t, the distance D changes
dD/dL =0.32 t/ sqrt (L). (2)

For the considered case in open water we measure typical values dD/dL~ 1000. That gives the travel
distance from (2) for L=400 m:
t=3.12 *sqrt (L) (dL/dx)* ~3.12 * sqrt(400) * 1000 = 62 400 s.

The distance D from the storm center is D =1600 km
For the short peak L =200m a similar calculation gives D =372 km.

In Snodgrass et all : ,,Swell across the Pacific*, a similar relation was derived to explain the shift of
peak frequency for anchored wave sensors (at a fixed place).
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Wave Length change due to ice sheet Thickness
(after Wadhams and Squire)

In a continuos sheet of sea ice floating in infinite deep water the dispersion
relation

Lk’ +(pg—p’ ho® )k — pw? =0,

Is recommended by Squire et al (1995).
h is the thickness of the ice sheet. Wadhams massload approximation is

(/o -1/ (2m)=hp'/p

For constant o the differences in h for two locations are proportional to
differencesin A :

- M /p) I (2m)=dh=h—h,
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Significant Wave Height at the Sea Ice Boundary
Hs [m], 2013-02-05, 08:40

0

4

69

Swh starts from 3-4 m in the
South in free open ocean

Decreases below 1m in the ice

Largest gradient of swh on the
left
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Summary and Conclusions

-Spatial Ocean Wave Measurements over 300 km x 30 km
between Greenland and Iceland in February 2013

-Measurements of 2D Spectra, Peak Wavelength and Direction,
Significant Wave Height

- Comparison to ECMWF Wave Model

-Velocity Dispersion observable — leads to estimation of storm
distance and ice thickness

-2 Peaks observed, with wave length 380m and 180m
-Measurement of behaviour in sea ice
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