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ADCPs Help to Reveal
Trans-Tasman Pathway
of Internal Tide suneizll

Teledyne Marine Products Deliver Real-time Data to Assist
Scientists in Identifying Beam of Deep Sea Energy

OVERVIEW

Surf’s up... down deep. The waters of the deep sea show layers with distinctive and per-
sistent values of temperature and salinity. Scientists think that a dynamic balance main-
tains these steady values. Part of this balance is that heat must mix downward from the
upper layers in order to warm cold deep waters from the poles. Questions about how and
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where this downward heat flux occurs are *hot" research topics. Examinin
A favored candidate is the turbulent mixing created by breaking underwater “internal ?t".laure
while it cross

waves. These waves arise where deep horizontal tidal motions must move up and over
subsea ridges. The resulting waves are internal, like those you've seen inside a bottle
holding layers of oil and water. In some regions, these internal waves follow distinct
pathways or beams across the ocean. Upon hitting a continental slope, some of the waves
break and dump the underwater tidal energy they carry. The ensuing turbulent action is
thought to create deep mixing in the ocean.As well as heat transfer, this process also causes Scripps Instituti
important vertical exchange of other water properties, from nutrients to pollutants.

In 2015, an international team explored these ideas with coordinated expeditions funded
by the National Science Foundation. They were called T-TIDE, T-BEAM, and T-SHELF.
Around the (T)asman Sea, these scientists deployed many devices to explore sites where

Internal tide pathway across the Tasman Sea.
Image: Luc Rainville, Harper Simmons, Dmitry Braznikov, Google Earth.
https://schmidtocean.org/cruise-log-post/two-ships-passing-in-the-ttide/ " \‘ TE LEDYN E MA R I N E

Everywhereyoulook”
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ADCPs in the Trans-Tasman continued

computer models showed a particularly energetic pathway. These internal wave
scientists wanted to see the pathway of the waves and what happens when the

Situation

s come from tidal forcing at a ridge south of New Zealand. The
waves hit the continental slope off Tasmania.

The subset of internal waves generated by
tidal motions are the dark and silent type.
Termed the internal tide, these waves
heave the deep water up and down great
distances; yet they show only slight excur-
sions at the surface. They travel long dis-
tances underwater, yet little is known
about their termination. En route, these in-
ternal waves exhibit strong currents. ULti-
mately, they shoal at the continental mar-
gins and break far below the surface.

In early 2015, scientists from several coun-
tries studied this type of internal wave in

the Tasman Sea. One group searched for This display is a contour plot of currents seen with the ship-mounted ADCP. Red colors indicate stronger
the pathway of the internal tide during its ~ currents whereas yellow colors show weaker motions. The blue asterisk calls out a region with unusually

trans-oceanic passage. More specifically,
they measured currents and water density
through depth to discern the location,
movement, and speed of the internal tide.

high velocities. It was thought to be associated with the internal tide.

Image: Luc Rainville, Sam Kelly, Amy Waterhouse
https://schmidtocean.org/cruise-log-post/weve-got-data/

Among other tools, they relied on data from ship-mounted and lowered ADCPs (L-ADCP). For selecting their observational site, the scientists
considered results from computer models and satellite altimeters.Working on the RV Falkor, they chose to run a transect that they thought would

intersect the trans-oceanic pathway of the internal tide.

For finding the beam of wave energy, the scientists made repeated runs along

a 200 km section for 30 hours. During six transects, they used

shipboard ADCP measurements reaching 800 m depth. Their first goal was to identify the region of most energetic currents. Then, by repeating
the section, they planned to reveal how the strength of the currents varied with time as well as location. In particular they were looking for a

cycle of changing speed and direction that completed in 12.4 hours — period of

the internal tide.

The need for this careful approach was to discern the currents of interest. Confounding the search were currents due to other sources. These

included inertial waves radiating from recent stormy weather and strong eddies

Solution — Lowered ADCP (L-ADCP)

For current profiling below the range of ship-mounted ADCPs, a creative
solution was devised by Eric Firing in 1989. While concurrently measuring
water properties, scientists worldwide lower compact ADCPs to the seabed.
Careful processing corrects for the motions of the lowered package and the
ship.Important contributions to both the L-ADCP method and processing came
from Martin Visbeck and Andreas Thurnherr. (www.ldeo.columbia.edu/LADCP)

The ADCPs used in this manner are rated to operate at 6000 m depth. They
are attached to a hydrographic package that is routinely lowered to catch

spawned by the East Australian Current.

Highlights:
 Waves associated with the internal tide show strong

currents far below the surface.

« Using a ship-mounted ADCP, scientists could see the
changing strength of the currents from the surface to
800 m.

« Along a 200 km transect, the ADCP data revealed
peaks and lulls in current strength.
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Scientists prepare the hydrographic package to be lowered to the seabed. An upward looking ADCP
(colored yellow to signify its high-pressure rating) is attached to the rosette (see front-left).

Credit: Judy Lemus; https;//schmidtocean.org/cruise-log-post/ctds-away/

water samples and to measure temperature and salinity. Sometimes dual Highlights:

ADCPs are used - looking up and down respectively. The package is lowered « Data from ship-mounted ADCPs are used to verify the
by a ship’s winch to the ocean floor. processed output of the L-ADCP profile in the depths
During descent and ascent, the ADCP continues to measure current profiles where they overlap

with ranges to 100m. Later these short segments are stitched together to * Many L-ADCPs are powered by using rechargeable
produce a full depth profile. When the L-ADCP approaches the seabed, the external battery packs

ADCP’s bottom tracking data is used in the processing. « Processing corrects for the ADCP’s varying tilt and

heading, which are measured with an onboard

Knowing the direction of the currents observed by the L-ADCP is essential J
magnetic flux-gate compass

for interpreting the record. A diligent compass calibration is needed to cor-
rect for magnetic interference due to the metal of the rosette that carries the * The depth record for the ADCP data is calculated by
hydrographic package. integrating vertical velocity or by using a pressure

sensor
These lowered ADCPs must endure great mechanical stress during hundreds

of cycles going from air pressure to great depth. « Before deployment, the ADCP receives its setup and

initiation commands via a communications cable
connected to a PC computer.
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Results

Analyzing the sections of ship-mounted ADCP data, the team identified two salient
features in the region of most energetic sub-surface currents. First the daily variation
in the speed of the currents matched the periodicity of the presumed tidal forcing.
Second, the direction of the currents aligned with the pathway predicted by computer
models and observed with satellite altimetry.

Based on these findings, the scientists switched gears. While the ship held station,
L-ADCP profiles were taken. The site for the first vertical slice was where water cur-
rents showed the most energy at depth — likely the center of the pathway. Over a
30-hour period, L-ADCP profiles were taken to 1700 m. The process was repeated at a
second site farther north.
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Ultimately, the team occupied nine L-ADCP sites that spanned the beam of the internal
tide. They found the beam was directed to the northwest towards Tasmania and was

about 200 km wide.
Key contributors to the whole project
were made by the following researchers:
Robert Pinkel Jonathan Nash
Matthew Alford San Nguyen
Dmitry Brazhnikov Luc Rainville
Shaun Johnston Tamara Schlosser
Nicole Jones Harper Simmons
Sam Kelly Peter Strutton
Jody Klymak Amy Waterhouse
Andrew J. Lucas Zhongxiang Zhao
Jennifer MacKinnon

Top: From Visbeck (2002), this display depicts how
ADCP profiles are stitched to form a full-depth profile.

Visbeck (2002): Deep Velocity Profiling Using Lowered Acoustic Doppler
Current Profilers: Bottom Track and Inverse Solutions, J. Atm. Ocean.
Tech., 19,794-807; https://goo.gl/c6Alou

Middle: The heading and tilt data recorded within the

ADCP need to be calibrated before the ship sets sail.

Image: Judy Lemus
https://schmidtocean.org/cruise-log-post/calibration-celebration/
Bottom: Night operations recovering a CTD rosette that carries a L-ADCP

Image: Amy Waterhouse; https://schmidtocean.org/cruise-log-post/
tracking-the-tasman-seas-hidden-tide/
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