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Albert J. Plueddemann 
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Objectives 

The long-range goal is to document characteristics of the subsurface velocity field 
in the Arctic Ocean and investigate the dynamics which determine those characteris- 
tics. The research was composed of two parts. The objective of the first part was to 
investigate the role of low-frequency waves over the Yermak Plateau in the generation 
and propagation of near-inertial internal waves. The objective of the second part was 
to document the regional and temporal variability of internal waves, tides and eddies 
in the Beaufort Sea. 

Background 

The first part of the investigation utilized data from the Arctic Environmental 
Drifting Buoy (AEDB; Honjo et al, 1990) which was deployed on a multi-year ice 
floe near 86° N, 22° E in August of 1987. The surface flotation sphere of the AEDB 
was intentionally frozen into the pack ice and served as the "anchor" for a 125 m 
instrumented mooring line suspended below. The AEDB was deployed in the Nansen 
Basin and recovered in the Denmark Strait over eight months later, having drifted over 
the Yermak Plateau and into the Greenland Sea. Velocities in the upper 250 m were 
observed by an Acoustic Doppler Current Profiler (ADCP) attached to the mooring 
line. 

The second part of the investigation utilized data from a second-generation Arc- 
tic buoy denoted the Ice-Ocean Environmental Buoy (IOEB; Krishfield et a/., 1993) 
which was deployed in the Beaufort Sea in April of 1992. A data processing module 
was developed to serve as an interface between the ADCP and the telemetry package 
on the buoy (Plueddemann et al., 1992). The module averaged the ADCP veloc- 
ity profiles in depth and time and provided the results, along with quality control 
information, to the telemetry controller on demand. The processing module was suc- 
cessfully used to obtain over 23 months of velocity data via Argos telemetry as the 
buoy drifted in a broad, anticyclonic arc within the Beaufort Gyre from its starting 
point about 250 km north of Prudhoe Bay, Alaska. 
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Part 1: Internal Waves over the Yermak Plateau 

Previous analyses (Plueddemann, 1992; D'Asaro and Morison, 1992) have shown 
that the internal wave field over the Yermak Plateau is dominated by upward-prop- 
agating, near-inertial internal wave groups. The total energy in the internal wave 
band is similar to that expected for mid-latitudes (Levine et ai, 1985), yet the region 
is completely ice covered. Diurnal tidal oscillations a factor of 50 more energetic 
than in the Nansen Basin were also observed over the Plateau (Padman et al, 1992), 
and it was speculated that the upward propagating wave groups were generated by 
interaction of strong tidal currents with bottom topography. The M2 tidal frequency 
is below local inertial, and would not be expected to generate freely propagating near- 
inertial waves unless the effective inertial frequency was decreased due to anticyclonic 
vorticity in the background current field. Another possibility is that the near-inertial 
waves are generated by harmonics of the strong diurnal tide. In particular, the first 
harmonic of the Kl tide is near the resonance frequency for barotropic shelf waves 
on the eastern slope of the plateau (Padman et al, 1992) and just above the local 
inertial frequency. 

The temporal variations of wavenumber-frequency spectra from the AEDB over 
the Yermak Plateau showed that the most intense near-inertial wave groups occurred 
when high-mode, low-frequency waves were present. The low-frequency waves con- 
sisted of both upward and downward propagating components which often created 
an interference pattern with large velocities and large vertical shears. The time and 
depth variation of near-inertial wave parameters appeared to be related to changes in 
background conditions caused by the low-frequency waves (Konyaev et al, submit- 
ted). In particular, the most intense near-inertial waves occurred when the vertical 
shear vector of the low-frequency current was nearly opposite to the near-inertial 
wavenumber vector (Figure 1). 

Part 2: Internal waves, tides and eddies in the Beaufort Sea 

Time-evolving spectral analysis was used to examine velocity variability in two 
frequency bands: an eddy band (2-5 day periods) and an inertial band (11.6-12.8 
hour periods). Diurnal tidal constituents 0\ and K\ were extracted by complex 
demodulation. The eddy band and the semidiurnal band dominated the horizontal 
kinetic energy (Figure 2). 

Velocity variability in the eddy band was high the in northwest Beaufort Sea and 
along the southwest slope of the Canada Basin, dropping abruptly when the buoy left 
the basin. Twenty periods of probable eddy variability, distinguished by sustained 
subsurface velocity maxima of 10 cm s_1 or greater, were observed. The maximum 
velocities were generally found between 100 and 150 m. Of the 10 most clearly 
identifiable eddies, all but one showed anticyclonic rotation. It has been known for 
some time that eddies populate this region of the Arctic Ocean (Manley and Hunkins, 
1985), but the IOEB observations are of interest in that they extend the region of 
observed eddies significantly further south and west in the Canada Basin. 



The principal characteristic of the inertial-band amplitude was seasonal variabil- 
ity, with amplitudes largest in late summer and smallest in late winter. This was 
presumably due to seasonal changes in the pack ice. Fragmented summer ice sup- 
ports very little internal stress. As a result, surface winds generate inertial currents 
and downward propagating near-inertial waves analogous to those in the open ocean. 
In winter much of the wind stress is converted to internal stress in the tightly packed 

ice and inertial currents are weak or absent. 

Amplitudes in the diurnal band were generally weak, with the exception of the 
K\ tide over shallow topography. The expectation of an enhanced, clockwise-rotating 
Kx tide over the shallow, northward projection of the Chukchi Shelf was borne out 
in the observations. However, enhancement predicted over the northwest Chukchi 

Plateau was not observed. 
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Figure 1: Hodographs of low-frequency vertical shear during the occurrence of strong 
near-inertial wave groups denoted Group A (upper panel) and Group B (lower panel). 
Arrows representing the shear vector are drawn from the origin (cross) for three times 
near the start, middle and end of the analysis period. Horizontal wavenumber vectors 
for the semidiurnal waves at these three times are drawn from the corresponding 
points on the hodographs. The times when near-inertial waves are most intense 
(solid circles) correspond to the times when the low-frequency shear vector is most 
nearly opposite to the near-inertial wavenumber vector. 
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Figure 2: Inertial-band and eddy-band amplitudes, (a) Inertial-band amplitudes sep- 
arated into clockwise (solid) and counter-clockwise (dotted) components and averaged 
from the surface to the second ADCP bin (106 m). (b) Air temperature observed at 
the IOEB indicating seasonal evolution (the sensor could not register temperatures 
less than -35*0). (c) Eddy-band amplitudes averaged over ADCP depth bins 2-3 
(106-154 m). (d) Water depth along the drift track. 


