Spatial wave field characteristics
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Summary: ¢ Strong wave field variability present in open ocean, coastal
ocean and partially ice covered ocean
» can be addressed with different methods
* need to address definition of dominant wave
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(Original) motivation:
Non-stationarity of wave field affects rogue wave statistics

Assume wave height time series 2
with significant wave height H, but Hf =H;(1+¢)
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What about spatial inhomogeneity of wave field?



Methods (remote sensinQg):

TerraSAR-X (DLR) <
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strong radar echo

« Sunlight independent (active sensor)

« Signal penetrates the clouds
« 1.25m resolution
« Swath width: 30 km

Empirical algorithms for retrieval of
 significant wave height

» wind speed

(M. Bruck 2015; A. Pleskachevsky 2015)




Methods (in-situ): SWIFT , waveglider
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Methods (model): WAVEWATCH-III® model (NRL)

ON S

—+V.cN =— S_Sin_I_Sds_l_SnM
Ot o}
N = spectral density of wave action
¢ = propagation speed Sds — Sbl‘ + Sbot + Sice
k = wave number
o = relative radial wave frequency Y

© = wave direction new

polar stereographic grid, ~16 km resolution
ice source function S, by NRL (Rogers & Zieger, 2014)

thin ice: Visco-elastic model (Wang & Shen, JGR, 2010)

thick ice: "turbulence under ice" dissipation (Ardhuin, pers. com.)
iIce concentration and thickness: Navy implementation of CICE
winds: operational analyses (NAVGEM)



Results:

2 case studies in open ocean (North Pacific, Station P)
1 case study in coastal ocean (Hecate Strait, BC coast)
2 case studies in partially ice covered ocean (Beaufort Sea)



Open ocean (1): remote sensing H, and wind speed
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black: WW3 model results/input
red: SWIFT measurement WWS3: AH, =0.4m, Au=3m/s
TSX: AH,=1.0m, Au=3m/s

magenta: wave buoy measurement




Waves interacting with wind-induced inertial currents

Significant wave heights, offshore NE Pacific See Gemmrich & Garrett, JPO 2012
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Open ocean (2): remote sensing H, and wind speed
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Wave/wind parameters based on

Record size, open ocean (1).
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Record size, open ocean (2).

Hs [m], 05-Jan-2015
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Record size
Open ocean 1
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Open ocean 2
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Open ocean (1): dominant wave length, and direction
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Open ocean (2): dominant wave length, and direction

A [m] (k-2D), 05-Jan-2015
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Open ocean: dominant wave length, and direction — record size
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What is the dominant wave length ?

2015-01-05, 03:30,50.03N, 145.12W, dx=2.5m
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What is the dominant wave length ?

A Im] (k-1D), 05-Jan-2015

Apk [m] (w-1D), 05-Jan-2015

. — 80 '
50.5 50.5
ki A "'61
1200 oy’ '_ 170 ﬂ'
L J"‘—
v69 1 o E
22193} 4 00 539,193'1\'"
Q
150 501 50 g PRI ™
69 , . 50 § 69 2 B .‘. :
155 3 195,23,
100 M- 40 A
e %53 195 o g5 o mBC s
; . . 49 5L L=2560m 153 . i 30 495+ L=2660m 153 . E
246 215 2154 2146 215 2154 2146 215 2154

Longitude [E] Longitude [E]

Longitude [E]

2-D k-spectrum resolves old and new wave filed
1-D k-spectrum: only new wave field
1-D w-spectrum: only new wave field, smaller values

80

170

1 60

50

40

30



Latitude [N]

Coastal ocean: remote sensing H, and wind speed

H_[m], 12-Feb-2010
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2010-02-12, 1

H, variability
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Coastal ocean: dominant wave length and direction

A]Dk [m], 12-Feb-2010
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Beaufort Sea, partially ice covered (Aug 3): Model H,
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Partially ice covered:
remote sensing H, and wind speed

H_ [m], 03-Aug-2014

. — 1.5
72 -
71.8
71.6 -
-1
714
z.
[or]
'g 71.2
k=
—
71 0.7._-'_-_
e 0.5
70.8 - o
.-I
70.6 - SRR
adnsteRzsss
....l. ] I-..
I...l......I...-I

214 2145 215 2155 216
Longitude [E]

black: WW3 model results/input
red: SWIFT

Wind speed [m/s]

gnaie o]

25 Satssrel o
718 F '_#3 11 49
7161 FEE 18.5
__71.4 Saeai 13
Z,
2 F: 75
S 712
= 7
S
71 7.2
6.5
70.8 } - 6
70.6 | £:6.8 . 5.5
;" -.'.l-.. 5
70.4 NG |
214 215 216

Longitude [E]

WW3: low wind speed - lower Hs




remote sensing

Partially ice covered:

dominant wave length and wave direction
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Beaufort Sea, partially ice covered
Decay phase of a ‘substantial event’ (Aug 9)
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Potentially long fetch



Beaufort Sea, decaying wave event: H, and wind speed
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Beaufort Sea, decaying event:

length and wave direction
Apk [m], 09-Aug-2014

remote sensing dominant wave
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Summary

Strong Hs gradients observed in open ocean,

e.g.2.2m —-3.5m in 40 km
Not captured in WW3
Need to understand the source of gradients (currents?)

Strong Hs gradients observed in coastal ocean,
e.g.0.8m -2.2m in 30 km
very dynamic wave climate in late summer in the Beaufort Sea

high spatial variability

Need for definition of dominant wave in spatial measurement
(peak of 2D-k, 1D-k, 1D-w)

Space-borne SAR best tool to study spatial wave field
characteristics



