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1. Data

type instrument vertical number of depth range time sampling
resolution profiles

velocity LADCP1 20 m 282 60 m to 20 bottom Oct.-Dec. of 2007-2011
velocity SADCP2 24 m 6905 46 m to 1000 m 24 crossings/year, Nov. 2004 - Oct. 2012
velocity SADCP2 16 m 9449 26 m to 300 m 24 crossings/year, Sept. 1999 - Oct. 2012
stratification CTD3 2 m 282 5 m to 20 mab Oct.-Dec. of 2007-2011
stratification XCTD4 0.1 m 383 5 m to 1000 m 6 crossings/year, Dec. 2001 - Oct. 2009

1 LADCP: lowered acoustic Doppler current profiler, spectra averaged over up- and down-cast
2 SADCP: shipboard acoustic Doppler current profiler, profiles hourly-averaged, spectra averaged
over 3 hours
3 CTD: conductivity-temperature-depth, spectra averaged over up- and down-cast
4 XCTD: expendable conductivity-temperature-depth
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Bathymetry from Smith and
Sandwell (1997) and cDrake
multibeam.
Fronts from Orsi et al.
(1995).

o - LADCP/CTD (cDrake, Chereskin et al. (2011))
· - SADCP/XCTD (ARSV LM Gould, Lenn et al.
(2007), Firing et al. (2011 )
colors mark regions in 5.

2. Average vertical wavenumber spectra
by depth range, source

From velocity (u(z), v(z)):

• kinetic energy density
SK(kz) = (Suu(kz) + Svv(kz))/2

• shear
Suz(kz) = Suzuz(kz) + Svzvz(kz)

• polarization ratio
Rpol(kz) = Spos(kz)/Sneg(kz)

From stratification N 2(z):

• displacement ξ(z), strain
ξz(z) = (N 2(z)− N̄ 2)/N̄ 2

• potential energy density
SP (kz) = Sξξ(kz)N̄ 2/2

• strain
Sξz(kz)
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Solid lines from LADCP/CTD,
dashed lines from SADCP/XCTD

4. Latitudinal variation in
energy

• Surface-layer energy is highest over the
northern slope, minimum in the Polar
Frontal Zone (PFZ)

•Below 300 m, energy is maximum in PFZ
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3. Integral quantities
Integrate over indicated kz ranges
(← vertical dashed lines, (200 m)−1 to
(40 m)−1 for 0:300 m depth range, (320
m)−1 to (90 m)−1 otherwise) to obtain:

•Kinetic energy

KE =
∫

SK(kz)dkz

•Potential energy

PE =
∫

SP (kz)dkz

•Polarization ratio

Rpol = (
∫

Spos(kz)dkz)/(
∫

Sneg(kz)dkz)

• Shear-strain ratio

Rω = (
∫

Suz(kz)dkz)/(N̄ 2
∫

Sξz(kz)dkz).

5. Regional energy, polarization, and shear-strain ratios as functions of depth or
distance-above-bottom range

SFZ, seamounts
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From integrated LADCP/CTD spectra:

•Kinetic energy (KE, m2 s−2)

•Potential energy (PE, m2 s−2)

•Polarization (Rpol)

• Shear-strain ratio (Rω)

top panels: depth ranges
bottom panels: distance above bottom ranges

•Rpol> 1→ dominant downward propagation

•Rω< 3 → dominant supra-inertial frequencies

KE
PE
Rpol
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6. Seasonal cycle in total energy
(E=KE+PE)
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•Upper-ocean heat content, stratification peak in May-
June (Stephenson et al., 2012)

•Wind stress peak in July-Sept

• Internal wave energy seasonal cycle between 300 and
1400 m similar but smaller

north DP→
south DP
dashed lines
indicate 95%
confidence
intervals

Summary
•Extensive datasets of cast LADCP/CTD and underway SADCP/XCTD
profiles in Drake Passage used to compute vertical wavenumber spec-
tra of kinetic energy, potential energy, shear, and strain; as well as
shear-strain ratio (→ dominant frequency) and polarization (→ domi-
nant energy propagation direction)

• Internal wave energy strongest in northern Drake Passage (DP)

•Northern slope: balanced upward and downward propagation, energy
near-constant with depth

•Southern slope: upward propagation, supra-inertial frequency

•Mid-passage Shackleton Fracture Zone (SFZ) and seamounts: upward
propagation, surface-enhanced energy, near-inertial frequency

•Mid-passage deep areas: surface-enhanced energy, downward propaga-
tion above 2000 m, upward below, near-inertial frequency

•Northern DP seasonal cycle aligned with upper ocean heat content,
stratification seasonal cycle

Acknowledgments

This research was supported by NSF grants OPP-
0338103/ANT-0838750, ANT-0636493, and ANT-
0635437. YLF was supported by NASA ESSF
NNX09AN87H S02. We thank S. Escher, E. Fir-
ing, J. Hummon, J. Sprintall, Raytheon Polar Ser-
vices, and the captains and crew of the RVIB N. B.
Palmer and ARSV L. M. Gould. XCTD data were
made available by the Scripps High Resolution XBT
program (www-hrx.ucsd.edu).


