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Brief description of motivation for study/application

e Extreme wave events occur in deep ocean but existing wave buoy
networks are mostly confined to oceans in the vicinity of coast

 There are numerous moored buoys (DART, TAO/TRITON, NDBC-
met buoys, etc.) and drifters (ARGO, etc.) without wave sensors
that can be utilized to measure waves in the future

e Sensing buoy motion to detect mean wave properties seems
feasible, but how about detecting extreme waves?
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Briet description of the methodology usec

in the study/application
Attach a GPS wave sensor to an existing Met-Ocean moored buoy

— K-TRITON buoys at JAMSTEC JKEO and NKEO stations

— Validate wave observation with drifting wave buoy and 3G wave hind-cast
simulations

Estimate basic statistical properties of observed waves
Case study of large amplitude waves — Horizontal motion

— Freak waves over 10m (two events of 12 and 13 m wave height)
— Extreme but not freak waves (three events around 20 m wave height)

Monte-Carlo simulation using High-Order Spectral Method
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Summary of conclusions

 Wave was successfully observed attaching a point-
positioning GPS sensor to existing deep ocean met-ocean
mooring buoys in 2009 (3 months) and 2012-2013 (3

months and 9 months)

e Statistical properties of observed buoy motion after
appropriate filtering conform with the classical
description of ocean waves

e Extreme waves including freak waves were successfully
observed demonstrating the feasibility of GPS sensor
without reference point

 Horizontal movement of the buoy indicate orbital motion
close to group velocity for some large waves



Principle of GPS wave sensing

 Wave sensing with point-positioning GPS (JAXA:
Yamaguchi et al, 2005)

— High-pass filter: distinct frequency bands of wave and GPS
noise spectrum (Harigae et al. 2005)

— Noise due to change in number of satellites

.* GPS antenna
pendulous)

— Orbital motion simulator
— Ocean testing off Shikoku Island

Orbital motion simulator

Range(10) el High-pass filter; cut low frequency noise

ephemeris ~3m ~1hr 1
Satellite clock ~3m ~5min ;e O
45 4
lonosphere ~9m ~10min N
troposphere ~2m ~10min —— o 7 —T
East i) ot — East
mu ltl path ~3m ~100sec Parameter Experiment result True value
GPS receiver ~1m white noise Wio T 16575 o 100
Wave period 10.83 sec 11 sec
;5’4*/4 Wave direction 115.7 deg 114 deg




Observation platforms — JAMSTEC K-TRITON Buoy

Drifting buoy

— Disk; reduce Roll by viscous

No.2
No.4

effect (Katayama et al.

2007).

— No.1 with wind sensor
— No.3 & 6 improved stability
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Extracting wave signal from point-positioning GPS

spectra density (m?s)
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Response amplitude operator of K-TRITON buoy (heave, surge, pitch)
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Observation points and periods

JKEO (JAIVISTEC K hi Buoy platforms Location Period Status
[ ]
. uroshio _ Hiratsuka  2009/7/14-2009/8/10
Extension Observatory) Drifter No.1 i 2009/8/29-2009/9/2 Lost
— Deep ocean (5400m); K-TRITON No.1|JKEO 2009/8/30-(12/6)2010/9/18 Retrieved |
38.1N, 146.4€E, slack Kashiwa  2010/7/21-2010/8/11
Hiratsuka  2010/8/23-2010/12/21
* NKEO (NEW KEO) Drifter No.2 Sy 2011/2/12 2011/2 ;3 Lost
— Deep ocean (5700m); 'ral 2Ly
33.8N, 144.8E, slack JKEO 2011/2/23-2011/2/26
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— Shallow (75m), slack JKEO 2011/2/23-(3/3) 2012/6/22
 Hiratsuka observational Nishichiba  2010/12/17-2010/12/24
tower Kouzu-port 2011/1/11-2011/1/23
— Shallow (20m); tower (wave S Kouzu 2011/1/23-2011/3/4 Retrieved
gauge, wind sensors) Kouzu 2011/6/31-2012/3K
«  Kashiwa roof top Kouzu 2012/6/30-2012/3/12
. - Kouzu 2013/9/ - In Operation
— Fixed position _
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Drifter No.3 retrieved
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: K-TRITON No.3 JKEO 2012/6/23-(2012/9/17) Retrieved
NKEO 2012/6/20-2013/3/ Retrieved
e K-TRITON No.4
o JKEO 2014/4/ - Planned
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Cross validation: Hiratsuka Tower, Drifting buoy, K-TRITON
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Statistics of wave measurements from the K-TRITON buoy

Elevation distribution: Gaussian Extremum distribution: Longuet-Higgins
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Observation-model comparison (JKEO)

Moored buoy observation compares fairly well with the model
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NKEO Observation 2012 June — 2013 March
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Effect of tethering on pitching/rolling motion

a tethered sway/surge PltCh response
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NKEO ~20 m wave height events — horizontal motion
Typhoon 19 | Bomb cyclone
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2013.1.14 NKEO extreme wave observation
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2013.1.14 Hmax=17.7m; time-series (filtered)
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Horizontal motion; filtered vs. un-filtered records
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Hs=13.1m
Hmax =18.2 m
Tmax=14.6s
ak_max=0.17

2012.10.4 NKEO extreme wave obseravtion
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Waves of 20 m height; horizontal motion
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NKEO 2012.10.3—-10.6: 95 x 20min records

NKEO 2012.10 Down-crossing maximum waves
40 . 15
@]
~ 30} . o
|
2 20| o >
Q o =
= & S 5
T 10} =
0 ' 0 .
0 20 L 0 20 30 Buoy velocity
Hrmax: (o) Hmax (m) exceeds group
0.8 3.5 velocity
x 37 o
] 4]
group ‘E‘E 2.5}
- velocity x 2
1 o
L 1.5} g
D 'E i
I R €= Airy wave
E 0.5} orbital speed
A 0 . .
20 30 0 1 2 3

Hmax (m) Hmax/Hs



Particle motion at the free surface (Tank:L10m,D60cm,W80cm)

2012 Takahashi, thesis U-Tokyo
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Modulational instability and particle velocity
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JKEO Observation 2009 August - December
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JKEO 2009.10 freak wave — Freakish Sea Index

2009.10.26 19:00 (UTC)

‘ ' ' ‘ ‘ ‘ ' 2009.10.27 13 m wave was observed at
’ JKEO (red dot)

2009.10.28 12 m wave was observed at
JKEO (blue dot)
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Realization with

Surface elevation from directional spectrum
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Geometry of freak waves — linear vs. nonlinear
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Concluding remarks

 Wave was successfully observed attaching a point-positioning
GPS sensor to existing deep ocean met-ocean mooring buoys
in 2009 (3 months) and 2012-2013 (3 months and 9 months)

e Statistical properties of observed buoy motion after
appropriate filtering conform with the classical description of
ocean waves

 Extreme waves including freak waves were successfully
observed demonstrating the feasibility of GPS sensor without
reference point

 Horizontal movement of the buoy indicate orbital motion
close to group velocity for some large wave

— Simultaneous accelerometer based observation will complement the
GPS observation (see Collins’ presentation in this WS)

e HOSM realization revealed relationship between nonlinearity
and directional spreading









Wave shape around peak records ak=0.22
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Regional Operational Wave Model
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Observed Freakish Sea Index and directional spectrum from WW3
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