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An Under-Observed Gulf Stream

Existing routine subsurface measurements:

® Florida Straits: cable and surveys What about the 1500 km

e M/V Oleander: XBT and ADCP between Florida and the
o AXIO:Repeat XBT line Oleander line??

® | ow Argo density

[Argo coverage courtesy of
PE Robbins WHOI]
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Gliders to Fill the Observational Gap

Spray is a buoyancy-driven glider with:
® |Long duration (100+ days)
® |000-m depth limit

® Automatic current-crossing navigation

o ~0.26m S-I horizontal Speed Spray #65 in the Gulf Stream off Miami, October 2015
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Typical Sensors:

e Pumped CTD

e Doppler Current Profiler
® Chlorophyll Fluorescence

e |-MHz Acoustic Backscatter




Glider Missions to Date

Mission Plan:
* deploy off Miami
* Zig-zag downstream

* recover on New England
shelf

Statistics to Date:
* 4 complete missions |
* | underway mission W Beguda
* 338 glider-days :
* >3,300 profiles
*>15,000 km over ground
* >35 Gulf Stream crossings

* | Iridium outage (5 wks)
* | major shark attack




Example Gulf Stream Crossings
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Impact on Operational Models

e Gliders returned decimated data via lridium after each dive.

® Temperature and salinity data transmitted to:
e NAVOCEANO (email)
e |[OOS NGDAC, GTS (via NOAA SWFSQC)

e Assimilated glider observations qualitatively affect Gulf Stream
representation.
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|dentifying High-Frequency Internal VWaves
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Strong, high-frequency internal
waves near the buoyancy frequency
within the Gulf Stream
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Internal Waves in the Gulf Stream

® |arge-amplitude, high-
frequency internal
waves prevalent in the
Gulf Stream when
bottom depth is less
than ~1000 m.

® |argest waves near the
Charleston Bump.




Topographic Froude Number and Lee Waves

® Topographic Froude number key to
flow behavior over topography:

v
NH

Ftopo —

e Estimates of topographic Froude
number for Gulf Stream flowing over
Blake Plateau:

0.4 < Fiopo < 2.5

® |ikely to form nonlinear internal lee
waves and hydraulic jumps when

topographic Froude number less than
unity.

Fropo =018=— —

RN

w\\\\g*!

jv |

I

w

[=a

=

@

S

=N

[o}

&

0

=

[l

@

L]

N

4 N

o

&

o]

-

©

2 N

2 N

=N

&

g

Q

E N

=

e

g N

o

o

e N

()

7

= N

=\
N

THEEN

5‘\

il N

=

N

Ficure A 4. Stratified shear flow T a sem ork = 1-5.

[Miles & Huppert I968]



Bottom Mixed Layers

Top of mixed layer
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Energy to Form Bottom Mixed Layers

O, (kg m'3) e Construct linear ‘pre-mixed’ profile.

22 24 26 28 e Estimate change in potential energy
| | | | as:

— H4+2Az
APE = / Noggz dz
—H

e Compare to fraction of work done
by quadratic bottom drag that goes
toward mixing,

Teppu?’

which, for typical local values, can
500 | : convert about 3x103 ] m2 of kinetic
¢ . . . energy to potential energy.




Bottom Mixed Layers

O(100 m)-thick bottom mixed layers are
prevalent over Blake Plateau and near the

Charleston Bump.

Energy required is
A Vs much too large for
NI L bottom drag alone.

Hydraulic jumps and

resultant mixing
I likely given

100 150 200 .

AZ, (m) topographic Froude

number.
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Summary

® Spray gliders repeatedly surveyed across the Gulf
Stream between Florida and New England.

e Continued glider operations can fill the existing gap in
subsurface observations of the Gulf Stream.

® Glider observations improve representation of the
Gulf Stream in operational models.

® Nonlinear lee waves and thick bottom mixed layers
are sinks for energy from large-scale Gulf Stream flow
over bathymetry.

Reference:

Todd, RE (2016), High-frequency internal waves and thick bottom mixed
layers observed by gliders in the Gulf Stream, submitted to Geophsy. Res. Lett
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