
 

The HOME Nearfield Experiment 

The HOME Investigators

The HOME Nearfield experiment is the last field 
program of the Hawaii Ocean Mixing Experiment.   
The intensive phase of the observational effort ex-
tended from late August through October, 2002.  
The purpose of the experiment was to document 
and quantify the principal phenomena associated 
with the cascade of energy from forcing to dissipa-
tion scales.  The experiment was conducted on and 
around the Kaena Ridge, a 3-kilometer-high protru-
sion that extends westward from the western tip of 
the island of Oahu toward Kauai.  This is a site of 
intense barotropic to baroclinic energy conversion, 
where the currents associated with the surface tide 
generate very large internal tides.  These have been 
documented to propagate for thousands of kilome-
ters across the Pacific.  Working collectively at a 
site with a relatively simple topography and very 
strong forcing we hoped to track the cascade of en-
ergy as it unfolded in space in time.  

The Nearfield was guided by a sequence of pre-
ceding HOME programs, including an extensive 
analysis of historic data, (led by Doug Luther), by 
numerical modeling (Peter Holloway and Mark 
Merrifield) and a field survey of the Hawaiian 
Ridge (led by Dan Rudnick).  Several regions of 
dynamical interest were suggested by this initial 
work, including the barotropic-baroclinic conver-
sion region near the crest of the ridge, the first sur-
face-bounce of the ascending tidal ray, the first bot-

tom bounce, and the isolated fine-scale (~several 
km) topography of the ridge crest.  The HOME in-
vestigators were challenged to explore this variety 
of sites in a single experiment. 

The Kaena Ridge, immediately west of Oahu, 
was one of two sites of intense barotropic-
baroclinic conversion identified in the survey and 
modeling efforts.  Given the logistical advantages, 
it was selected as the location of the Nearfield ex-
periment.  In early 2002, both Alan Chave (WHOI) 
and Mike Gregg (UW) contributed valuable ship 
time toward a detailed multibeam topographic map-
ping of selected areas of the Kaena Ridge. 

The field phase of the Nearfield experiment 
started with the August 2002 deployment of OSU 
and UH moorings on the immediate north and south 
flanks of the Kaena Ridge.  In early September, 
groups from UW began extensive fine- and micro-
structure profiling campaigns, exploring on the 
ridge crest, over the flanks, and farther offshore. 
Mike Gregg undertook an intensive profiling effort 
in the upper kilometer from the R/V Revelle. This 
was complemented by a full-ocean-depth program 
conducted from the R/V Wecoma by Tom Sanford, 
Eric Kunze, and UW colleagues (Fig. 1).  A new 
HF radar system operated by Pierre Flament (UH) 
from Kaena Point on Oahu mapped surface currents 
over the southern flank of the ridge. 

 

Figure 1.  Section of vector energy-
flux (<v’p’>, <w’p’>) in the r,z-
plane across Kaena Ridge, obtained 
by Tom Sanford, Eric Kunze and 
colleagues (UW).  Internal tidal en-
ergy-fluxes are negligible over the 
ridge crest.  On the ridge flanks, 
energy-fluxes are directed away 
from the ridge and concentrated in 
two beams, one propagating upward 
in the upper 500 m that may origi-
nate from the opposing side of the 
ridge and one propagating down-
ward from the rim of the ridge crest.
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Figure 2. A representative record of zonal velocity, obtained from the Deep-8 sonar on the R.P.FLIP by Rainville and 
Pinkel (SIO). Water depth at this site is 1100 m. The phase propagation of the long wavelength baroclinic tide is clearly 
downward, indicating upward energy propagation. The large near-inertial waves seen above 300m have a much shorter 
wavelength. They are radiating down from the surface, perhaps generated through a non-linear interaction with the reflect-
ing tide. 
 

On September 10, the research platform FLIP 
joined the experiment, establishing a tri-moor on the 
southern edge of the ridge crest.  FLIP’s role was to 
provide a detailed depth-time record in the heart of 
the generation region. Twelve thousand CTD pro-
files, 0-800 m, were obtained during the six weeks on 
station, along with high-resolution (4 m) Doppler 
sonar observations (0-900 m,  Fig. 2). 

In late September the shipboard profiling programs 
were replaced by horizontal mapping efforts.  A Sea-
Soar survey of the upper 400 m was initiated by Dan 
Rudnick (SIO) on the Revelle, while Jim Moum 
(OSU) and team conducted deep (2000 m) horizontal 
microstructure tows (along with vertical profiling) 
from the Wecoma (Fig. 3).  The intensive aspect of 
the field phase wound down in late October. Moored 
observations will continue through summer 2003 to 
provide a long-term context for the experiment. 

While the data analysis is presently in its earliest 
phase, the real-time shipboard displays and our initial 
studies are providing an exciting view of the waters 
surrounding the ridge.  For example, internal tidal 
amplitudes of order 300 m crest-to-trough are ob-

served at 1000-1500 m depths on the north flank of 
the ridge (Levine, Boyd, OSU).  These apparently 
propagate upward and over the ridge crest to the 
southwest (Holloway, Merrifield simulation), reflect-
ing off the surface to the southwest of FLIP (Fig. 1).  
They then head downward and southwesterly into the 
deep sea.  In the vicinity of the surface reflection, 
large amplitude inertial waves are being generated, 
possibly by the parametric sub-harmonic instability 
mechanism of McComas.  These also radiate down-
ward into the deep sea (Fig. 2).  Near-inertial waves, 
not high-mode tidal internal waves, appear to provide 
the shear required for “tidal mixing” away from im-
mediate boundaries.  Mean eddy diffusivities range 
from 5×10-4 to nearly 10-3 in a 20-km-wide band at 
the crest of the ridge, decaying to open ocean levels 
by ±50 km off the crest (Figs. 3,4). 

Closer to the topography, extremely high mixing 
rates have been discovered on the flanks of a rela-
tively innocuous looking hill which rises from 1100 
m to 600 m on the crest of the ridge.  This strong lo-
cal mixing response stimulates interest in fine-scale 
topography at many other areas along the ridge. 
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Figure 3. A preliminary synopsis of the data in terms of Krho by Jim Moum (OSU) using the deep towed Marlin vehicle. 
Data were obtained on a repeat sequence of tows around an oval course to the west of the ridge at nominal depths 700, 
2000, and 3000 m. Individual samples are 24 s (25 m) averages. Black represents data sampled in spring tides, red during 
neap tides.  Histograms to the right show mean values and distributions of the data for both spring and neap periods. De-
spite the obvious difference in distributions between spring and neap periods, interestingly, the means are not significantly 
different at 700 and 2000 m. Means differ by a factor of 5 at 3000 m depth.  
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Figure 4. Eddy diffusivity time series from each of Jeff Sherman’s four LAMP profiling floats. Results are averaged over 
depths between 100 and 400 m to eliminate mixed-layer turbulence, and are subjected to a 12-hour running mean. Effects 
of the fortnightly cycle are evident in this upper ocean time series, in contrast to the deeper Marlin findings. 

HOME investigators will meet at Timberline 
Lodge, Oregon, this August to begin to synthesize 
observations and again at the Ocean Sciences Meet-
ing in Portland in January 2004.  We hope to have 
uncovered the principal phenomena associated with 
tidal-topographic interaction at this site. 
 

*The HOME students, post docs, and contribut-
ing collaborators: 

Scripps Institution of Oceanography / UCSD 
Bruce Cornuelle, Russ Davis, Matt Dzieciuch, Jean 
Filloux ,  Joe Martin, Jen MacKinnon, Walter Munk, 
Rob Pinkel, Luc Rainville, Dan Rudnick, Sutanu 
Sarkar, Jeff Sherman, Kraig Winters, Peter Worcester 

Oregon State University 
Timothy Boyd, Douglas Caldwell, Gary Egbert, Jody 
Klymak, Murray Levine, James Moum 

University of Washington 
Matthew Alford, Glenn Carter, Brian Dushaw, Mike 

Gregg, Bruce Howe, Eric Kunze, Craig Lee, Thomas 
Sanford 

University of Hawaii 
Tim Finnigan, Eric Firing, Douglas Luther, Mark 
Merrifield 

Pacific Islands Fisheries Science Center,  
National Marine Fisheries Service (NOAA)   
Rusty Brainard 

Southampton Oceanography Centre, 
University of Southampton  
Steve Thorpe 

University of South Florida 
Gary Mitchum  

University of Victoria 
Chris Garrett 

Woods Hole Oceanographic Institution  
Alan Chave, John Colosi  

University of Florida 
Donald Slinn 

 
Report prepared by R. Pinkel. 


