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Southern Ocean Challenges
for Navy Ships
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Region
* NZ SAR Region = 30M km?

* From South Pole north to
Kiribati group

* From mid Tasman Sea
east to Cook Islands

» 844 emergencies (EPIRBs
and maydays) in NZ SAR
area May 2011 — 2012

HMNZS Otago, May 2016



http://www.youtube.com/watch?v=ebrP1IfiEto
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Requirements for
new ship design

Establish an observation program

Quantify wave climate

Update existing joint probability Hs/Tp statistics

Specify historical wave spectra
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First
Deployment

Deployed 8th of February 2018
Triaxys directional buoy

Deployed from the HMS Otago
147m depth

Transmitting full spectra at 3 hourly
intervals




Lagrangian collection phase
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e Buoy broke its mooring on 27th July 2017
e (ontinued to transmit data until August 2018
e Has not yet been recovered



Second
Deployment

Deployed 2nd of March 2018

Triaxys directional buoy

Deployed from the HMS Wellington
147m depth

Transmitting full spectra at 3 hourly
intervals

Commitment to service on an annual
basis coinciding with NZDF
conservations support in subantactic
island group




Drifters
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Buoy Validations
against altimetry

Moored buoys

Hshs —ar (M)

HShs —ar (M)

sofs

4 6
Hshs - sat (M)

ciwrb
10 7
e 2
/ /
/ ,
/ ¥
8
€5
5
|
0
2
w4
N=105 I N=47
BIAS=0.079m BIAS= -0.282m
NBIAS =0.02 2 NBIAS = =0.079
RMSD =0.359 m RMSD=0.419 m
T 0 T T
8 10 0 2 4 6 8 10
sowrb
10
/(/I
8 i
€5
5
|
s
B4
N=42 T N=24
BIAS= -0.116m BIAS= -0.134m
NBIAS = =0.031 2 NBIAS = =0.033
RMSD=0.33 m RMSD=0.41m
T 0 T r
8 10 0 2 4 6 8 10

Hshs - sat (M)

562:01

629-01

628-01

627-01

- - 10 -
8 8 8 8 /
Es X Es Es
% % b %
i i i i
) G4 @ 94
T n=2 T . B3 T n=2 T A =5
BAS = 0145 m BUS= ~0049m BUS=0.057m . BUS=0131m
2 NaUAS = - 004 2 NautS= -001 2 NaAS=0.015 2 < NakS =0.020
RHSD=0348 m RHSD=0.488m RMSD=0345 m AMSD=0.602m
] 10 2 . 6 8 10 ] 10 2 4 ] 10
Hsts-sat (m) Hts -sat (m)
62001
8 , &
/ 3
E Es Es -
Y X Y 2 Es
5 5 5 S
i ] i . S
2 2 2 1
Iy 94 @4 2
T =3 T (= T =5 ) ¢
Bus= 0025 m BUs= ~0168m BUS= 0469 m < He=
naus=-0007 | NAUAS = -0.045. 2 ’ fus: -018m
,« RUSD=0318m RUSD=0245m 2 g A= =005
RUSD=0726m
2 4 3 5 1 2 4 6 8 1 2 4 6 5 £
HSts—sat (m) Hshs—sat (m) Hhs— <ot (m) 2 4 6 8 10
Hsts - sat (m)
8 , 8 B
Sc RI S 3 3 &
P P 5 5 <
i j H
2 H 2
94 é 4 2
ft : " : il e w0
Drifters suse -o0sam s -oasm asdmoti2m
) 2 NaUS = 0017 2 NBuS = 0012 ) NAAS =0.056
RMSD=032m ) RusD=0527m RMSD=0.496 m
2 4 6 8 10 2 4 6 ] 10 3 o
Hsts-sat (m) Hsts -sat (m)
kiwa so ruatea
8 8
£ 4 T
ngahue T <
s 5
i
T Nes N Neg
s BiAS = ~0.065 m
s g .
2 I ) NBiAS = ~0.016
AMSD=0211m RMSD=0219m
Es
5 2 a 13 s 1 7 7 4 3
i Hshs - sat (M) Hshs - sat (M)
4
K N30 hoturoa turi
B1AS = 0,066 m
v 10
2 I NBiAS = 0.019
‘ RMSD=0.382 m
8 s
o
2 a [ & 1
HShs - sat (M) = =
s -sat () g T
L / - i
BAS=0.006m
2 NBIAS =0.001 N
Spotters g Mt
o
2 a 3 s 1 7 3 [ [
Hshs - sat (M)

HSns - sat (M)




Large Waves

First deployment - 19.4 metres Hmax
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P.McComb, M.Sclavo, Large waves and drifting buoys in
the Southern - Ocean Engineering - 2019

Second deployment - 23.8 Hmax
Largest recorded wave in the
Southern Hemisphere

22+ CIWRB =28
= E
204 % =}z
2043
15+ g § b 22
12 | =
w3 HE
o b I
144 / L 1
S
124 - 14
| SR8 - 12
s d L ,L._ o— \7" FO—— E i ‘3
Maximum wave height 238m L s
L e
B Peak wave period 16.7s -6
4~
B Significant wave height 149 m 4
24 i L2
a Tinse (PasSciAuckiand)
0 T T T T T T T Y T T T Y T 0

.-¢-,-—.'¢_¢
q;.

B

......

......
......

B Significant wave height B Peak wave period Maximum wave height

Winds & MSLP
2018-05-07 12:00:00

Significant Wave Height
2018-05-07 12:00:00

.....................

........................

............

Largest recorded wave in the Southern Hemisphere



Outline

e Modelling Experiments




Southern Ocean
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WAVEWATCH Ill, ST4, CFSR Forcing



Southern Ocean
Currents

The Antarctic Circumpolar
Current (ACC) is the largest
ocean current (>100 Sv).

The ACC produces changes
in the waves because of both
refraction and reduction of
relative wind speed
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l Currents - Hindcast Results
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Current Effects

CFSR wind, ice and current forcing
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l Experiments

 Comparison between ERAS5 and CFSR as forcings
* Testing of different ice concentration thresholds

* |nclusion of icebergs

Effect of ocean currents: CFSR, HYCOM, GLORYS
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| ERA5 vs CFSR

CFSR ERAS5 BETAMAX =1.60
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Altimeter comparisons for the full
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ERA5 vs CFSR
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Current source Sources

CFSR - NOAA

- % degree spatial
resolution (non
eddy resolving)

- 6 hourly temporal
resolution
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Changes with different ocean currents databases
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Changes with different ocean currents databases

| ERA5 . Curreni's CFSR HYCOM GLORYS
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Southern Ocean

Wave Atlas

e WAVEWATCH Il ST4

e Optimized configuration (ERA5 + icebergs +
GLORYS currents)

e \Wave parameters at 0.25x0.20 deg. resolution

e 2D spectral data at 1 deg. resolution

Valid Time: 20000601 00z

Spectral output points

10

significant height of wind and
swell waves [m]



Validation

Altimeter valdiation for
1993 - 2017
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Further work
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e Glorys currents only cover up until 2017 which didn't cover the observations period - there is
much more work that can be done with these observations - more work needed



| Conclusions

e Increased availability of wave observations in the Southern Hemisphere.
e Significantly better wave results with ERAS5 forcings than with CFSR forcings.
e Ocean currents have a positive effect, reduces Southern Ocean positive bias.

e GLORYS currents give better results than CFSR and HYCOM for ERAS forced wave hindcasts



Buoy loading onto the HMS Canterbury on 9th of
November, 2019
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