TTIDE: The Tasman Tidal Dissipation Experiment

CLIVAR PSMI Webinar February 14 2017

Mixing
The Deep Sea

Field phase: January-March 2015



Issue for today:

Climate modelers need realistic parameterizations for
diffusivities of scalars & momentum. Any parameterization must be
relevant at climatological scales and be able to respond to changing

climatological conditions.

The physical phenomena involved 1n establishing these diffusivities
in the deep sea are only now being identified. Achieving a global
parameterization from a very limited series of local process
experiments 1s the present challenge.

Roughly 1-2 TW is required to maintain a diffusivity consistent with
the overturning circulation of the present ocean. Is this energy
provided as the end result of a cascade through processes included 1n
a climate model or through a separate (semi-) parallel cascade?
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H. Simmons



Preliminary TTide Simulations
Harper Simmons & Dmitry Braznikov (UAF), Sam Kelly (U Minn Duluth)

GOLD global model
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Simulation

Harper Simmons



Anticipated
Shoaling and
Mixing on the

Deep Slope

J. Klymak
MIT GCM
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TTIDE Experiment Format
2013-2015

Satellite Observations
Zhao & Alford
Altimetry
Numerical Studies
Klymak
MIT GCM
Idealized & Realistic

Simmons & Braznikov

GOLD & ROMS
Global to Regional
Glider Surveys
Johnston- Rudnick
Tidal Focus

Robertson, Rainville
Mesoscale Focus



Experiment Format:
TTIDE: R.V. Revelle January-March 2015

Legl: Altord, MacKinnon, Nash, et. al.
a) McLane, T-chain moorings, ADCPs
b) L-ADCP, microstructure surveys

Leg II: Pinkel, Lucas, Jones, et. al.
Fast-CTD surveys

Leg III: Alford, Nash, et.al.
a) L-ADCP, microstructure surveys
b)Mooring recovery



: R.V. Falkor
Waterhouse, Kelly, et. al.
Offshore mooring and L-ADCP
surveys to quantify the incident
flux offshore

: R.V. Revelle

Jones, Lucas, Schlosser,
et al.
On-shelf moorings to
quantify upper-ocean
consequences of deep
Ocean Processes




TTIDE, TBEAM, TSHELF Geography

Northern Slope

Less incident energy but near-critical slope is
efficient at dissipating it. Expect high-mode
conversion, bottom bores,...

Southern Slope

Center of the “main” incident beam. Very
supercritical. Local dissipation physics includes
along-shore corrugations, possibly down-going

high-mode beam.

Reflection Antenna

Designed to do plane-wave fits to incident and
reflected waves.

T-Beam
T-Shelf

A4

Reflection

A3

A2

T-Beam



Glider Surveys

Shaun Johnston
Dan Rudnick

Luc Rainville
Robin Robertson

/

a) incident wave . (b) reflected wave

e .l




Northern Array Southern Array

Figure 4: Overview map of the northern region. McLane “flux” moorings in red, T-chain moorings in map of the southern region. McLane “flux” moorings in
blue, CTD time-series stations in green, tO—yOS n magenta, Falkor in orange. 1S Stations in green’ tow_yos in magenta, Falkor in Orange'

Dissipative Reflective




Figure 2: (left) Revelle’s deck full of TTIDE mooring gear. (right) The TTIDE CTD with 150-KHz
downlooker and Sea Batteries (orange).




Leg I Moorings

3 A moorings
1 TBEAM mooring (an extra A mooring)
6 "long term" T moorings
8 "long term" M moorings
1T and 1 M "short term" moorings
(deployed and recovered within 2 weeks)

12 McLanes

23 ADCPs

15 Aanderaa current meters
210 Thermistors

10 CTDs

4 Chipods

1088m

1096m

Recovery float (41m depth)

172" shackle (0.31kg)
172" long link chain (0.5m)

TTIDE M5 2015

Target: 42°-57.768'S 148° - 22.506W Depth: 1138m
Actual: Depth:

SABLE Beacon / XEOS Flasher
SABLE ID# 0160 Email?
Flasher On Time: Flash?

B 8% i ——————  SBES6 Serial# 1546 taped on line (45m)
—
108m (1) 112" shackle 7m Nilspin 1/4” (3x19 PP jacket wire rope)
(1) 5/8" sling link
(1) 1" shackle
(1 shecke T wow Syntactic Foam Float 503.5kg buoyancy (750m rated)
112" long link chain (2m)
1085m (2)518" shackle
3 ton swivel (3.87kg)
) o g T 7mNilspin 14"
(1) 172 shackie _—
. (1)55 sngink 'SBE37 w/ press. taped on line (Depth 59m)
" 112 316ss chain (1.65kg) Seriali 8717 - Deploy Time:
(2) 112" 316 shackle (0.93kg)
12" shackie \ ADCP model RDI 300kHz WH wipress. (Depth 62m, 500m rated)
1075m 3 ke ong ink chain Seriali 8112 Start Time:
S gk Deploy Time: Pinging?
12" shacko
0.393" Vectran with PE jacket (1055m depl; 1048m cut)
1074m MP stopper (Depth 65m) /
Moored Profiler H2
Profile Range:
Line out
s23m MP stopper (Deptn 816m)
SBES6 Serial# 1557 taped on line (817m)
s2im MP stopper (Deptn 816m)
Moored Profiler 107
Profile Range:
_//"" MP Set-up:
MP Start Time/Date:
Deploy Time:
2im MP stopper (Deptn 1118m)
RBR Solo taped on line (Depth 1118m)
2om 5)72 s Serial# 76597 Deploy Time:
0.5m x 1/2° 316 chain \
1om Aanderaa RCM-8 (Depth 1119m; 22.7kg)
(1) 112 shackle Serial# 4917 Deploy Time:
1/2" Long link chain (3m)
o (1516 ling ik
(412" shackle — (6)Benthos model 2040-17V glass floats (25 4kg buoy. ea.)
(1) 518" sling ink mounted in pairs on 1/2" long link chain (1m; 2.76kg)
12m (3) 5/8" shackle
(2) 3 ink LL chain SBES6 attached to releases (Depth 1127m)
Drop ik Serial# 1558  Deploy Time:
 fing \
(1)5/8" shackle Benthos model 865 double acoustic release (25kg each)
412" Long link chain (1.5m) Serial# 53003 Enable: F _ Release: G
8m (1) 5/8" shackle RX(kHz): 1.0 TX(kHz): 12.0
34" Nylon ine (sm) Deploy Tim: Arm [ Test
Seriali 53004 F
(1) 518" sing link RX(kHz): 9.5
am ‘shackle
@) 172" shacki Deploy Time: Arm |/ Test:
112 Long link ehain (zm)
™ (1304 shackie _ — 1551kganchor (1349g in water)
Start Deploy Date: Wind Dir / Spd: Lat: Lon:
Drop Anchor Date: Hdg / Spd: Lat: Lon:




Temperature Chain: 3.5 day record

Nash



Temperature Chain: 0.5 day closeup



Figure 15: Tow-yo 6 on the critical part of the slope at the middle region.




TTIDE Leg Il

Fast CTD Tow-Yos & Stations
T-Shelf Moored Arrays



Site 7

On Top of Klymak Rise

12 Hours



Site 6 (transect)
crossing 2




1450-2000 m profiling over Klymak Rise: Upcasts red. Feb 12-14 UTC 2015
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Fast CTD Repeated -Track Run over Klymak Rise

“

Data interpolated to 54 stations in longitude,
Fitto D> , D4 , Dg trequencies



Radiated density variance D2, D4, D6 Harmonics

-1900

-2000
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~1600
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five cycles

Three Harmonics



Absolute Salinity time difference on Iso Surfaces (Dn) S
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TTIDE Summary

A ~0.5-1.5 GW M, tidal beam is
propagating from the Macquarie Ridge
northwestward across the Tasman Sea.

The beam appears robust relative to lateral
refraction by the energetic mesoscale

A large fraction (60-90%) of the incident flux is
reflected from the Tasman Slope, particularly in the south.

The coherent mix of incident, reflected, and locally generated
tides produces a complicated internal standing wave pattern
in the western Tasman Sea.



Issues:

Mid-water vs sea-floor mixing rates

Up-slope bores vs forward-reflected waves
Forward and back-scattering to higher modes
Local generation vs distant source influence
Diurnal energy & trapped shelf modes

Standing wave patterns due to high M reflectivity

~10 km-scale features matter a lof for organizing the mixing.
The micro-bathymetry of the deep ocean is important.

Thanks to all TTIDE volunteers and our Tasmanian hosts!!



TTIDE INITIALLY PLANNED AND PROPOSED IN
HEIGHT OF ECONOMIC “DOWNTURN”

PROGRAM ACCEPTED IN 2011-12
BAREBONES PROGRAM FUNDED PERIOD OF MAX FINANCIAL IMPACT TO NSF
MODELING AND GLIDER RECON INDICATES COMPLEXITY OF SITE
PILOT CRUISE CANCELLED ON ECONOMIC GROUNDS

MAIN FIELD PROGRAM DELAYED 1 YEAR BY SHIP AVAILABILITY
(TRANSITING THE REVELLE FROM ASIA TO THE SOUTHERN OCEAN IS VERY EXPENSIVE)

NSF TTIDE FUNDS ARE COMMITTED & DISBURSED TO VARIOUS PLAYERS, BUT LANGUISH FOR 12
MONTHS, MID-PROGRAM

BURN RATE OF RESEARCH-TEAM SALARIES DIALED BACK BUT NOT ZEROED

TTIDE TURNS TO SCHMIDT OCEAN INSTITUTE FOR FALKOR SUPPORT FOR TBEAM
NSF FUNDS WATERHOUSE & KELLY TO EXECUTE TBEAM

ENABLED BY A MASSIVE INJECTION OF SEAGOING VOLUNTEERS, FROM AUSTRALIAN
UNDERGRADS TO THE CURRENT HEAD OF CLIVAR.
FIELD TEAMS DEPLOY /RECOVER MASSIVE MOORING ARRAY WITH NEAR FLAWLESS EXECUTION

RELIABILITY OF MCLANE PROFILERS IN SOUTHERN OCEAN TROUBLING,
LADCP PROFILING VERY DIFFICULT IN ROARING FORTIES

INSTRUMENTS ARE “BACK IN THE LAB” WITHIN 3 MONTHS OF FORMAL PROGRAM END

TTIDE CONTINUES, INFORMALLY DATA ANALYSIS MEETING IN SD JANUARY 2017



practical considerations
(surreal)

BLOG WARS

TBEAM
https://schmidtocean.org/cruise/tracking-the-tasman-seas-

hidden-tide/

TTIDE
https://scripps.ucsd.edu/projects/ttide/

https://scripps.ucsd.edu/projects/ttide/category/video/

EOS : On the Cover
ITIDE EOS REVIEW Melting glacier water meanders
What Flows Beneath to the ocean, where it p/ummets toward
vol 97 #1 Jan 2016 the seafloor. Internal ocean waves mix

warm surface water with cold deep water,
maintaining the oceans in a steady state.

“force” “thrust” “drive” “probe” or forget it!


https://scripps.ucsd.edu/projects/ttide/category/video/







TTIDE Summary

During January / March 2015, arrays of McLane profilers,
ADCPs, and thermistor chains were deployed.

1) Southern Line :more reflective

2) Northern Line: more dissipative

3) Offshore Triangle: the ‘“Reflection Array”

4) Offshore T-BEAM Incoming Flux mooring

S) On-shelf T-SHELF array

LADCP and Fast-CTD profiling from the R.V. Revelle.

LADCP survey of the incident beam from the RV Falkor



BLOG

https://scripps.ucsd.edu/projects/ttide/

https://scripps.ucsd.edu/projects/ttide/category/video/
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b) Spray 56

F1G. 2. Glider tracks for (a) Spray 55 and (b) Spray 56 are shown
with color indicating time. Increasingly dark dots along the track denote
increasing spring-neap phase, which is expressed in terms of days. In
both cases, a wide range of phases is seen in the areas with greatest
sampling. In Figure 2b, Spray 56 profiles for 2 weeks over the slope
near 42.4°S (green to yellow colors).
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27 Oct 2013

FiG. 3. Data from Spray 56 are shown with visible D; and D, os-
cillations and longer duration mesoscale variations in depth-varying (a)
0, (b) S, (c) u, and (d) v and also in (e) depth-mean u and v. Gy is con-
toured at 0.1 kg m—> intervals (gray lines). A weakly-stratified surface

layer extends to 200-300 m (Figures 3a-b).




Standing internal tides in the Tasman Sea observed by gliders

T. M. SHAUN JOHNSTON" AND DANIEL L. RUDNICK
Scripps Institution of Oceanography,
University of California, San Diego,
La Jolla, California

SAMUEL M. KELLY

Large Lakes Observatory and Department of Physics,
University of Minnesota,
Duluth, Minnesota

FI1G. 1. To illustrate the geometry of the internal tides (a) incident
upon and (b) reflected from a coastal wall (dashed line), the instanta-
neous cross-slope velocity component of an idealized mode-1 Poincaré
wave with a constant 150-km wavelength is shown superimposed on a
map of Tasmania. The incident and reflected wave direction are shown
(black arrows). The wall (dashed line along a bearing of 18°) is aligned
with the steepest section of the slope. The incident and reflected waves
combine to produce a standing wave in (c). The inset in Figure 1a shows
the area under consideration (red box) in subsequent figures with AUS,
TAS, and NZ denoting Australia, Tasmania, and New Zealand. Topog-
raphy is contoured at 1000-m intervals. The East Tasman Plateau (ETP)
is the broad rise offshore, which includes a steep pinnacle, the Cascade
Seamount (CS).










Leg II Site Summary

500 1000 1500 2000
2500




gt et

vy i gl ) ‘\\'\‘é:‘ah‘\( -\ ‘l‘ %l\ “
';';;';lix?iﬁ""“““" i Jlmmlmnnmm ,«lf ey suu ” ,}‘-d“ :{ bt 1': A ,‘ "“ o 1,3;,‘, i ,“

Aty Uiy 7& b ulfhd \v Wl Ut Il I 71 IR G i
i'; o )*;i::n r}{f iy ummmm gglf{{{lt:n;( ?I»Illuﬁ[[lll"’/” l‘/{l !&1’{'{!{1{2 lli,(my(ll lllllll [[[[[/ll il ’m”ln{gm( Il,

A ‘\\“ mr a- lii (0 ' SR -ﬂsmd
ﬁ i\il l'l}}}?l‘\l“ \(.(Il uﬂ"‘\\’\‘ll“"'l Rl -e,
ATl i .{{[ i

i 'lun"iv A \'i*'::-" N N A Tt % L ek sl S ] "f"," o FORd R
“,‘ lﬁ“‘(‘i"‘l\b‘l'il‘"'ﬁ"‘l}»ﬁ‘{""w‘““'z""\' 'hmm, ‘(“l, Nj__}_zg S 5 m\\ W : l’ullll;.mm\‘\lll&(/ gl ‘1”’""}'('”':01)" '}% !,_, /1/[ 11[[[[[ /]///// ,7 /// 1 ‘ } ux#{
x\ S

lh

lu\ ; i h
X ){ } lll' ﬂm j) 1lnm Lu \\v,,,,,,«.£517?" "\@:l“b“x‘n}{ Ilﬂ(\ ‘((L }74 \Y‘. \ll‘l"f}ﬂ \\\w lwk\

3. :
»\‘i\ "ll\\\ﬂ \.., ,’ ,n [/ l}» ' ’l‘ & 1‘ \.( g N l
““* z/ m} m eyl 74'/ e 5’» jil "*‘lﬁ. "x il
I ]}} ',“x':" "" 3', et 3?? f,' , ’;; /M/// ! ({,;; ”’ "" I g//,/[&” i ‘//// IIII ”’ W’:”"/ f )'i Ii[; ” Fil IW N \\,Z
Iy

70 m:, m ::

e j ;/// ’é ,,,, ) .»i\"}n ;f, B',y { [I}]}f‘ l!\ m glll{” wnm.,;mw. /j m,}; a.,, ,, //'z M’(hl! I[[ { / j ‘! I ///(
;l //l rw (/(1 /‘.

//// N (!/r {{'/ ( : // / /5’ Ay 'aff'\l‘!f L

mtlll/” ‘“ s ’))) l{[])lm», lia\(l(((ll i &I/'h"’/ / dllll‘;'
i ! / cﬁh T Mv //
[/ i ’II l’“izum’) "f’ l/ III{ ) / ’ ” / / ” L e i J{m lw..
//// o2 S "'«'/// ,1/// / / il gl S ’f"{'f,,m{" i i%%zﬁ.,.,.!’“!fi\ff%ffffxs

tmmmuk#:\’ \I/I

;! /

}/ /!' ,” // flltﬂll"l))wil, s \\ % P

* ) s ’\«1. )mlla_ T fX "' »15 """"" "'*’" W RS

5% :
N e 7
I il’lq ?a‘u\\\l(‘\}\l“,ﬂ““e‘\\‘\\\\“\m ’! Mﬂ m l(% ,‘h)?‘"“m [ S\ il\\\ w,} («\0 dﬂ.‘?
TR '~ "'*~ “\w, i

,ﬂ’t-\

E!
i

,,',” mlg

1!(( l/

time [yearday 2015, UTC]



Site 7

On Top of Klymak Rise

12 Hours



Preliminary results from

* LADCP-CTD stations: Fa-Fg
* Shipboard survey lines:

Ca-C2, C2-Cy4, T5-Offshore
e XBT stations: X1-X4

“Energy flux” transect lines:
Ca-Cs and C6-C7.

Sea surface height from
altimetry from 31 Jan 2015

T-Beam

R/V Falkor Cruise 17 Jan — 13 Feb

Waterhouse Kelly Rainville







LADCP station F3

* Better temporal
coverage

* Larger pressure
perturbations

* Large energy flux




Semidiurnal mode-1 energy fluxes

* Fluxes are based on two
fitting methods

* Fluxes at A1 will fill in the
picture

* Still optimizing fits to
minimize uncertainty




TTIDE Ship & Mooring Program

Legs I & 111 Leg II
Matthew Alford Rob Pinkel
Jen Mackinnon Drew Lucas
Jonathan Nash Nicole Jones

Harper Simmons Robin Robertson



FCTD
Drop Rate

FCTD
Sea-floor
Detection



T-shelf array
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TTIDE Modeling: Jody Klymak

a) Time =4 tidal perlods
‘ reflection
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ROMS Simulations of the Tasman Sea
t0 =Jan | 2015,dx = 0.03125" (~2.5km) , M2+S2+O [ +K |
HYCOM initial condition and sponges, MERRA fluxes + tides

Dmitry Brazhnikov
John Pender

Kate Hedstrom
Harper Simmons



Sea surface relative vorticity (C/f40)



