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WIND-GENERATED WAVES, OCEAN and COASTAL ENGINEERING,
AIR-SEA INTERACTIONS, OCEAN TURBULENCE, OCEAN
DYNAMICS, CLIMATE, REMOTE SENSING

« dynamics of surface ocean waves
« wave breaking and dissipation

 spectral and phase-resolving modelling of the wind-generated
waves

e extreme waves

e Wwave statistics

e wave-bottom interactions
e Wwave-current interactions
e air-seaboundary layer

e air-seainteractions

e ocean turbulence

e 0cean mixing

e wave climate

 climate change

e extreme oceanic conditions
e environmental measurements and instrumentation
e 0cean remote sensing




swell

rogue waves

extreme conditions
deep water

finite depth waves on currents ice



directional waves




e Wave-ice tank
temperatures: down to -12C

Facilities and

experiments

Extreme wind-wave flume
winds up to 70 m/s (Cat.5 TC)
Wavemaker

towing facility

Field observational site
tropical cyclones
waves, spray

air-sea interactions




phase resolving modelling

e state of the art models

o explicit simulations of surface elevations, turbulent
wind, underwater kinematics and dynamics




‘ fully nonlinear 3D wave model

ngineering problems: breaking pr ili hort-cr n kinemati
Chalikov & Babanin, OMAE, 2013




Nieto Borge et al.,

1/128 of total domain OM, 2013




wind-wave coupled model/wave kinematics

Chalikov & Rainchik,
BLM, 2011

Chabchoub et al., OMAE,




wave model coupled with turbulence model

based on first principles
newly described phenomenon Babanin & Chalikov, JGR, 2012




dE(k, .00 _
dt

ot = Oin T 9¢s TS, Sy

spectral wave modelling

» new release of official models used for wave forecast,
ocean/coastal engineering
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Wind Input, following the waves
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Young et al., JAOT, 2005, Donelan et al., JAOT, 2005, JPO, 2006,

Babanin et al., JPO, 2007




The parameterisation, growth rate y

(U/c-1)"2
ak*(U/c-1)n2

G*ak*(U/c-1)"2




Observation-based physics

dE(k, f,6,x,1)
dt

=S, =S, +S, +S,; +S
replaced previous physics

Implemented in official releases of WAVEWATCH-III (US
NOAA wave-forecast model), SWAN (European coastal
engineering model) — both used internationally

new source terms: wind input, whitecapping dissipation,
swell dissipation, wave-bottom interaction, interaction
with adverse winds

guantitatively: based on measurements

gualitatively: new physical features, previously unknown
INn progress: nonlinear wave-current interactions,
nonlinear wave-wave interactions, coupling with phase-
resolving models, wave-ice modules, infragravity waves,

directional source functions



Current-induced dissipation — Port Phillip Heads

Strong wave dissipation on the tidal jet

« Strong tidal jet (up to 2.7 m/s)
« Ebb tide: current opposes wave
propagation

« Current-induced dissipation

Rapizo et al., JGR, 2017



everything changes at extreme conditions

At wind speeds U,,>32m/s, dynamics of the atmospheric
boundary layer, of the ocean wave surface and of the upper
ocean layer — all change

At the surface, at U,,~34m/s:

wave asymmetry saturates

mass transfer velocity and volume flux of droplets increase
sharply

This indicates change of the wave breaking mechanism to the
direct wind forcing
Sea drag saturates at U,;,=32-33m/s above the surface

Cross-interface gas fluxes still grow, but at a slow rate if U, >
35m/s, additional mechanisms become active below the surface

Simultaneous change of the regime in all the three air-sea
environments can hardly be coincidental

It is likely that wave breaking is responsible for that



Wave Boundary Layer,

Spray

Chalikov & Rainchik, BLM, 2011
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sea drag

T = pamean(u'w') = pau*z = paCdule

e In every air-sea interaction model

* Intends to replace the physics of the boundary layer with
a single coefficient, dependent on the wind

« dependences on wind forcing, gustiness, wave spectrum,
breaking, nonlinearity, flow separation, air humidity are
Investigated




ABL measurements

T = pau*2 = an'_V\/' = paCdU120

U.. Z
U(z)=—In—
K Z,
* inter-comparisons were done with Sonic anemometer

e light winds U,, < 4m/s were excluded from analysis

Babanin and Makin, 2008, JGR



Gustiness, experiment




Sea drag in finite water depth

Toffoli, Loffredo, Le Roy, Lefevre, Babanin, JGR, 2012




wave mixing in the upper ocean

e new research field

* sediment suspension, tropical cyclones, weather,
climate




Laboratory experiments and
numerical simulations
£ = 300 . a.3.011.0

Ghantous & Babanin, NPG, 2014
Babanin & Haus, JPO, 2009




Field observations, North Rankin mixed

layer deepening

Wave height

Aijaz et al., JGR, 2017

Mixed Layer Depth:
dark — wave induced
grey — measured
Turbulence production

Toffoli et al., JGR, 2012



Pleskachevsky et al., JPO, 2011




global wind/wave climate

e new research field

« satellite observations provide information on
metocean properties globally, over ~30 years

e waves can also serve as a climate proxy, and
Influence the atmospheric and oceanic climate




Altimeter and other Metocean Data

« Continuous satellite global coverage since 1991

« ERS1, ERSZ and ENVISAT cover up to 82°lat. .- —
« GEOSAT and GFO cover up to 72° latitude =
« JASON and TOPEX reach 66° latitude = —
« CRYOSAT?2 covers areas up to 88° j| =2

« HY-2 covers areas up to 80°

« SARAL covers areas up to 81°

among other metocean properties



satellite observations,

global wind and wave trends, 25 years

Young, Zieger, Babanin, Science, 2011



Wind Trends, by SSM/I

mean wind speed (May 1991-2008)

+12.0 (cm/

+8.0

+4.0

Trend analysis (MK test) applied to monthly mean SSM/I (F10,F11,F13) wind and precipitation from
1991 to 2008. Hatching indicates significant changes (normcdf test [95% level]) and contour interval

is2.00cms™ per year.

Zieger et al., Deep Sea Res., 2014

mean wind speed (Jun 1991-2008)

+12.0 (cm/s)/yr

+8.0

+4.0

T3 R WA ot
Trend analysis (MK test) applied to monthly mean SSM/I (F10,F11,F13) wind and precipitation from
1991 to 2008. Hatching indicates significant changes (normcdf test [95% level]) and contour interval
is2.00 cms™ per year.




Arctic Research at the University of
Melbourne




‘ Motivation and Significance

Sea ice has been retreating in summer
months in the Arctic

Waves become an issue: navigation, air-sea
Interactions, coastal erosion etc.

Wave climate and trends are unknown
Wave modelling is problematic

Satellite-borne devices can measure the
global wind, wave and other climate
properties with global coverage and
accuracy comparable to buoy observations




Jeffries et al., 2013, Physics Today







« Globally, waves and winds have been
growing
e Extremes grow faster than mean values

* |ce has been retreating in the Arctic
summers since 2005 (?)

e Notably, not in Antarctic

« At high latitudes, winds have been shifting
polarwards

 What about the waves at high latitudes?




‘ Opportunities and Problems

 The altimetry data are available since mid 80s

o Altimeters can estimate wave height about
every second over a footprint of 1-10km

o Satellite altimetry is also able to provide
iInformation on surface winds, concentration
and other properties of ice, on storm events,
and on the respective trends in these guantities

o Altimeters of the European Space Agency
cover up to the 80th degree north/south and
higher

 Problem: invalid measurements must be
~_removed first — land, rain, ice




‘ Sea/lce Classification

e needs to be based on altimeter measurements

« Tran et al. (2009) suggested a three-parameter
cluster algorithm to brightness temperature data
and backscatter data

e brightness data are not always available

* Laxon (1990) and Rinne and Skourup (2012)
approach is a one-parameter classification
algorithm

March 2004




Sea State DRI |Ce trendS



Trends before and after 2006
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Future Arctic Metocean
Modelling

Khon, V.C., I.I. Mokhov, F.A. Pogarskiy, A.V. Babanin, K. Dethloff, A.
Rinke, and H. Matthes, 2014: Wave heights in the 21st century Arctic
Ocean simulated with a regional climate model. Geophysical Research
Letters, 41, 2956-2961




Climate/lce/Wave Modelling







Wave Modelling in MIZ

In preparation, Liu, Q., W.E. Rogers, A.V. Babanin, J.E. Mosig, J. Li, C. Guan




Collins, Rogers, Marchenko, Babanin, 2015, GRL




S.... iIce-induced wave decay (IC5 in WW3)

ice-




‘ Video by Maddie Smith
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S.... ice-induced wave decay (IC5 in WW23)

ice-

Work In progress

* Replacing the constant ice thickness with new
iIce thickness field data from SMOS

 Run another case study

SIPEX Il voyage wave data from Kohout et al. (201 4)




‘ To be continued

Dissipation and dispersion
e + visco-elastic

e - turbulent

lce breakup

Attenuation and dispersion
e mass loading

» floe-floe collision
 rafting

e overwash

Coupled effects

* Ice melts (sunshine, wave mixing) , fetch grows

. F cold air).



To be continued

lce material properties

 viscoelastic

* Drittle

* pOrous

* depends on temperature and salinity
» solid ice

e pancake ice

o frazilice

Pilot numerical modelling project is
under way

Cold room?

crash ice tests




Wave-ice interactions

In preparation, D.K.K. Sree, D. Wang, S.M. Parra, T. Collins, A.W.K. Law, A.V.
Babanin




Cold room, air/water temp. control, down to -12C
wave, ice and turbulence measurements




Wave-Ice Interaction Tests: Ice Types

Ice type # test run Siwi Day
Thinner Long Ice 34 4
sheet
Long Ice sheet 38 4
broken floes
Grease Ice 60 % 36 6
Grease Ice 25 % 36 7
Short Ice sheet 40 8
Thicker Long Ice 13 9
sheet
Long Ice sheet 36 9
broken floes







Ice Floes: 0.3-0.7 cm

ice




Grease Ice: 60%
concentration

Video during grease
making

ice




Grease Ice: 60%
concentration




Sea State DRI




Wave-induced mixing

In preparation, S. Thomas, K. Walsh, L. Stoney, A.V. Babanin




‘ Wave-induced mixing

e Wave-induced mixing (MOMS5)
* One-way coupling with WW3

In the figures (subsequent slides):

- the anomalies are calculated by taking the
difference between the simulation with waves
and the simulation without waves

- the seasonal values come from a 10 year mean




Results from an Ocean model with and without the

inclusion of an extra wave mixing term.

Temperature difference between ocean models with and without the extra
wave-mixing term (wave and control, respectively).

In the Southern Ocean an increase in wave mixing captures more heat and
transports it into deeper waters over the (southern) summer. While producing a
net increase in ocean temperature this results in the waters surface being colder
during the summer.




Difference in ice thickness between ocean models with and without the
extra wave-mixing term (wave and control, respectively).

The decrease in surface temperature despite the net increase in ocean heat
content causes a reduction in the amount of ice melt during the summer.
This results in a thicker Antarctic sea sheet, particularly in December (summer).




Difference in ice thickness between ocean models with and without the extra
wave-mixing term (wave and control, respectively).

The effect of wave mixing on surface temperatures and thus ice thickness is
far less clear in the Arctic with nearby land masses (North America, Russia,
etc.) drastically reducing the areas the waves and ice are interacting.




Field observations,
Arctic and Antarctica




S,.: Ice-induced wave decay (IC5 in WW3)

Hindcast Experiment of waves in ice (wave array #3)

THE ARCTIC OCEAN CRUISE
OF R/V SIKULIAQ 2015

Thomson, J., V. Squire, S. Ackley, E. Rogers, A.
Babanin, P. Guest, T. Maksym, P. Wadhams, S.
Stammerjohn, C, Fairall, O. Persson, M. Doble,
H. Graber, H. Shen, J. Gemmrich, S. Lehner, B.
Holt, T. Williams, M. Meylan, and J. Bidlot,
2013: Sea State and Boundary Layer Physics
of the Emerging Arctic Ocean. Science Plan.




‘slides of Alessandro Toffoll

Jan-March
2017

e WAMOS: waves, currents, ice?
e Satellite observations: ice
e WW3 modelling




e dynamics from GPS trackers




Two
synchronized
cameras

one
IMU

Ocean surface &
Average parameters:

72



‘Waves-in-ice from stereo cameras




‘ ... and a wave buoy

Significant wave
height




\ Arctic Conclusions

Metocean climate experiences rapid
changes at high latitudes

Trends are different between the Arctic
and Antarctica

Trends are different between different
regions of the Arctic

In the Arctic, change of the regime
occurred around 2006

Physics behind Metocean drivers Is very
uncertain

Wave forecast needs a lot of effort



pilot projects




microseisms

East Coast, 2010 West Coast, Cyclone Bianca

CTALHZ 201 tavery 3hours

Jubian Day {2
—_— g . ou S —
TR

180

Freq (Hz)

with seismic records being taken since 19t century, this is a possibility to study the wave
climate of the past, based on measurements

James Mason, PhD Thesis, 2017



Tropical Cyclones, NE Indian Ocean
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Waves and Ice, Arctic Ocean

Tiksi records of waves in the Pacific



\ Conclusions

 Metocean research at the University of
Melbourne iIs outlined

 Advanced phase-resolving and phase-
average models are described

* Long-term, global and regional wind-
wave-ice trends are demonstrated

* Role of the waves as a link between the
ocean and atmosphere Is discussed

e Links of ocean waves to seismic
geophysical applications established







Waves, measurements




Francis et al., 2011, GRL




‘ Dobrynin et al., GRL, 2013

CMIP5 experiments, no ice



‘ Thomson and Rogers, 2014, GRL

Beaufort Sea



