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Observations of Low-Frequency Current 

Fluctuations on the Continental Slope and 

Rise Near Site D' 

William J. Schmitz, Jr. 
The W oods Hole Oceanographic I nstitution 
W oods Hole, Massachusetts 02543 

ABSTRACT 

An array of near-bottom current meters was set on the continental rise and slope near 
Site D in the autumn, 1970. At the junction of the slope and rise and over the slope the 
low-frequency (less than 1 c.p.d.) fl ow was predominantly along depth contours, and flow 
across depth contours was dominated by higher frequencies. The low-frequency kinetic 
energy decays in both directions away from a mooring position near the slope-rise junction. 
The low-frequency variability is coherent along and incoherent across depth contours for 
25 km separations, and coherent in both directions over fractions of a km. There is margin-
ally significant evidence for westward (in the topographic sense) phase propagation at 
roughly 40 cm .r' with wavelength in this direction of about 600 km. A large bandwidth 
spectrum of standing waves trapped to the shelf-slope regime (often called "Continental 
Shelf Waves") might lead to the observed characteristics of the flow, but an alternative inter-
pretation could appeal to horizontal trapping at the slope-rise junction. In the latter case, a 
candidate mechanism involves the role of stratification in modelling the interaction of an 
incoming barotropic wave with the continental slope. 

r. INTRODUCTION. An array (Fig. 1) of near-bottom current meters was set 
on the continental slope and rise north and west of Site D in the autumn of 
1970 (see Fofonoff, 1967 and Webster, I 969a and b, for discussion of the estab-
lishment and maintenance of Site D). The array was set as a dual-purpose, co-
operative experiment between the Woods Hole Oceanographic Institution and 
the Massachusetts Institute of Technology. Wunsch and Hendry (1972) ex-
amined the boundary layer on the slope and the effect of the slope on fluctua-
tions with frequencies higher than I cycle per day (c.p.d.). The low-frequency 
variability (frequencies less than I c. p. d.) will be discussed here. The inertial 
period is approximately 1 8 hours at the array location. 

As the data base at Site D grew to encompass several records of month or 
longer duration, it became clear that energetic low-frequency fluctuations were 
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present, and often approximately depth-independent below the thermocline. 
Thompson ( I 97 I) made the initi al effort at identifying the mechanism of this 
contribution to the data. He suggested that barotropic topographic waves driven 
by oscillations or meanders of the Gulf Stream would lead to the observed ( con-
sistent) northwest-southeast ori entation of the principal axes for the low-fre-
quency variabilit y below the thermocline at Site D. Rhines (1971a) questioned 
both the internal consistency and the relevance of the model and pointed out 
the need for measurements of the spatial structure of low-frequency currents 
near the strong variations in depth north of Site D. The array drawn on Fig. I 
was planned as an exploratory investigation of the effect of the slope north of 
Site D on low-frequency moti ons. Most experiments conducted at the conti-
nental margins using techniques similar to these reported herein have been 
primaril y concerned with motions on the continental shelf, with possible identi-
fication of continental shelf waves (for example, Cutchin and Smith, 1973) and 
with atmospheric forcing: the emphasis was not on coupling with variability 
offshore of the continental slope. The present study is primarily concerned with 
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Figure r. (a) Location of the array. (b) Detail s of the configuration of the small scale triangle. 

the low-frequency variability in the ocean interior and the emphasis is on in-
vestigation of the nature of the boundary conditions on this type of variability 
imposed by the slope-shelf system. 

An internal wave array, consisting of a triangle [Fig. I (b)J about I km on 
a side (moorings 348-350, Table I), was a point in a 5-mooring low-frequency 
array; two of the three internal wave moorings were recovered after about 2 
months and the low-frequency moorings were recovered after approximately 
4 months. Three moorings were laid across depth contours from 900 to 2500 m 
and two moorings were laid along depth contours (approximately). The separa-
tion between the 5 low-frequency moorings (nominally 25 km) was chosen to 
be a quarter wavelength of the shortest ( I oo km) wave expected to be associated 
with Gulf Stream forcing. The basic sampling level in the vertical was 100 m 
up from the bottom. Additional levels of 2-3 m and I O m up from the bottom 
were instrumented in the high-frequency tri angle. One additional current meter 
was set 1 ooo m up from the bottom on the southern mooring. The number and 
type of moorings and 4-month duration were logisti cally convenient. Bottom 
moorings had proven to be reliable. 
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Table I. Array configuration and statistics. 

Longi- Lati- Bottom Inst. Inst. Dura- < U> < V > < u> > 1/i < v•> ,/i Height 
Mooring Number tude tude Depth Number Depth tion emfs emfs emfs em fs off 

(Yv .) (N.) (m) (m) (Days) Bottom 

345 . . . .... ... ... .. 70°59' 39°23' 2527 3451 1504 46 -2.8 .3 4.2 1.7 1023 
3452 2426 0 93 

I:! 
346 ............... 70°58' 39°35' 2263 3461 2163 Ill -6.4 .2 11.9 2.6 100 

i::, ....... 
347 .. . .. . . . .. . .... 70°40' 39°50' 876 3471 776 104 -6.4 1.6 9.0 2.2 100 

348 ... . . .. . . ...... 70°56' 39°50' 977 3481 967 45 -3.0 .o 6.0 1.0 10 
" 3482 974 45 -2.8 - .5 5.4 .9 3 ;i . .. 

349 .. . ... . .... . .. . 70°56' 39°50' 943 3491 846 45 - 2.0 1.0 4.2 1.4 97 >=i .. 
3492 933 45 -2.0 .4 5.3 1.0 10 

'-> .. 
i::, 

3493 941 45 -1.5 . I 4.0 .8 2 
::,.. 

350 . ... . .......... 70°56' 39°50' 993 3501 888 51 -4.6 1.8 7.4 2.2 105 
3502 990 86 -3.6 -.7 5.5 1.2 3 

351 ... . .... . ...... 71°15' 39°37' 2150 3511 2052 I II -5.1 - .4 9.4 2.2 98 

352 .......... ... . . 71°01' 39°23' 2509 3521 2394 56 -2.4 - .5 3.9 4.3 115 

,......, 
w 
J-> 
I-' 
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In the following (x,y,z,t) denote east, north, vertical (positive up), and time 
coordinates; (u,v,w) are the corresponding velocity components. (w,k,l,m) will 
denote frequency, east, north and vertical wave numbers or decay scales. / 0 is 
the local Coriolis parameter and N a typical Vaisala frequency. Ku and Kv 
denote horizontal kinetic energies for the indicated velocity components. < > 
denotes a time average. 

The principal results of this investigation are summarized in the Abstract. 

2. THE DATA. The location of the array is shown in Figs. 1 and 2. Table I 
contains information on the array configuration and basic statistics. The array 
was not set due north of Site D but was moved about 7 5 km to the west in 
order to avoid Atlantic Canyon and to place the high-frequency tri angle in a 
region of relatively straight depth contours. Fig. 1 (b) is a reproduction of Fig. 3, 
and Figs. 1 (a) and 2 contain slight modifications and additi ons or deletions to 
Figs. 2 and 4, from Wunsch and Hendry (1972). 

Moorings are numbered sequentially as they are set. Instruments are num-
bered by increasing depth on the mooring. Record 3521 refers to the data from 
the topmost instrument on mooring 352, and so on. 

All moorings were recovered. Instrument 3501 failed after 5 1 days and 
3502 after 86 days. The moorings at the southern site had to be deployed in 
two 2-month (nominal) intervals (345 for the first 2 months and then 352). 
3452 failed. The time base for 3461 was in error (slow) by 6 days in I I I. The 
times for this record were adjusted by linear extrapolation. 

The horizontal velocity components were low-passed with a Gaussian filter 
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Figure 3. Transfer function for the low-pass filter used. 

having transfer functions shown in Fig. 3. The series were then subsampled 
once per day. Figs. 4(a) and (b) are composite plots of the low-passed, subsam-
pled velocity components against date for the low-frequency array and the high-
frequency triangle respectively. Figures 4(c) and (d) are corresponding plots of 
the horizontal velocity vectors vs. date. 

Fig. 5 is a scatter plot for the low-frequency array: before low-pass filtering 
in the upper frame and after filtering in the lower frame. The directions of the 
local depth contours (arrows on the lower frame) were picked off a large-scale 
master chart and are ± 5° (at least) due to the subjective choice involved in 
selecting a "local" trend. The dashed lines on the lower frame of Fig. 5, re-
ferred to as regression axes in the following, are least-square linear fits of v to u. 
These regression lines are within a few degrees of the principal axes (as defined 
by the angle through which the coordinate system would have to be rotated to 
obtain uv = o). 

3. D1scussroN OF THE DATA. Scatter plots including all of the data (upper 
frame of Fig. 5) have a broad distribution. After removal of the higher fre-
quencies, the distribution (lower frame of Fig. 5) is directional. In Fig. 5 the 
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regression axes of the low-frequency variability are within a few degrees of the 
direction of the local depth contours for records 346 I, 34 7 1, 3502 and 35 I 1. 

The low-frequency flow over the slope is predominately along depth contours. 
The motions become more nearly rectilin ear proceeding up the slope but the 
most energetic records in this array (3461 and 35 I 1) are located near the slope-
rise junction. One sees from comparing upper and lower frames of Fig. 5 that 
(over the slope) flow across depth contours is dominated by high frequencies 
and flow along depth contours by low frequencies. 

Over the rise the regression axis of the near-bottom currents (record 3521) 
are tilted 19° clockwise from the local depth contours. A northwest-southeast 
orientation of 20-30° for the regression axes is a persistent property of the low-
frequency variability below the thermocline at Site D . The inclusion of newer 
records for Site D in the calculation of correlation coefficients or axis orienta-
tion leads to results that are consistent with similar estimates made by Thomp-
son ( I 971) for depths of 500, 1 ooo and 2000 m. The regression axes in Fig. 6 
are displaced clockwise from east-west by 27° for 2000 m data and 25° for the 
near-bottom data. It is a bit of a surprise however, to note that the axis for 
record 3451 (a 46-day record "" 1 ooo m up from the bottom over the rise) is 
displaced only 7° from east-west orientation. No individual record from 2000m 
depth at Site D has a tilt less than 18°. 
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Records 346 I, 34 7 1, 3502 and 35 I I were adjusted to a common time origin 
and duration (86 days). Discrete Fourier transforms and spectral and cross-
spectral estimates were computed before and after re-coloring for the Gaussian 
filter and with and without data windows. Periodograms show a concentration 
of energy near periods of IO days and 40-60 days but spectral estimates (aver-
aged over Io adjacent frequency bands) are increasing with decreasing fre-
quency (i.e., red). This conclusion is consistent with observations made by 
Wunsch and Hendry ( I 972, p. I 14). It is clear from visual inspection of Fig. 4 
that approximately 10 days/2n is an important isolatable time scale for these 
records ( esp. 3461 and 35 1 1 ). Longer records are required to see if this time 
scale is statistically separable (i.e., a reliable spectral peak). For averages over 
5 adjacent frequency bands one begins to develop a spectral structure somewhat 
similar to that reported by Cutchin and Smith ( 197 3), but the emphasis here is 
on lower frequencies. Estimates of coherence require averages over a minimum 
of about IO raw estimates to attain the confidence limits desired for the present 
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Figure 4 . Low-pass filtered velocity vs. date. (a) Components fo r the low-frequency array. (b) Com-
ponents for the high-frequency, small scale triangle. (c) Horizontal vectors fo r the low-
frequency array. (d) Horizontal vectors for the high-frequency, small scale triangle. 
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Figure 5. Scatter plots from the low-frequency array; prior to low-pass filtering on the upper frame 
and after filtering on the lower frame. In the lower frame arrows are oriented in the direc-
tion of the local depth contours and the dashed li nes are regression axes. 

experiment. The kinetic energy in the lowest frequency (but excluding "zero") 
band (periods of about 7 to 120 days) with ten raw estimates is the major 
(""' 80% or larger) contribution to the perturbation kinetic energy for the velo-
city component along depth contours. Motivation for the exploration of higher 
frequency bands and possible preferred frequencies there is minimal for this data 
set due to lack of frequency resolution and to the comparatively small amount 
of associated energy. Estimates of coherence, phase, and kinetic energy for: a 
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Figure 6. Scatter plots fo r low-passed curren t data for a composite of several records from site D. 
(a) 2000 m, (b) roe m, (nominal) up from the bottom. Dashed lines are regression axes. 

bandwidth of o. I 25 c.p.d. and center frequency "" 0 .07 c.p.d. are listed in 
Table I. In T able I I the sign convention for phases is such that the record 
li sted in columns leads (lags) records li sted along the top in rows if the sign 
is -( + ). 

The coherence between u components is significant (.87 and .84) along 
depth contours but not across (less than .26). The qualit ative basis for this 



Table II. Kinetic energies (side), coherences (above), and phases (below) between the longest records for the lowest 
frequency band after averaging over 10 adjacent estimates: Center frequency= .06875 c.p.d.; bandwidth .125 c.p.d. 

Ku 3471 3502 3461 3511 Record # 3471 3502 3461 3511 Kv 
;::i 

(cm•s-1) (u) (u) (u) (u) Record # (v) (v) (v) (v) (cm1s-1 ) 
c:, .._ 

13.5 .87 .07 .20 3471 .83 .53 .27 .8 

~-
;::i 

"' 7.7 -15 .10 .26 3502 161 .22 .21 .3 ?;:, 
"' .., 
"' c:, 

54.5 74 136 .84 3461 -170 -126 .64 2.5 ,.., 
:::,... 

36.0 178 - 174 32 3511 56 92 -71 I 2.3 
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result can be seen by inspection of Fig. 4. The coherence between v components 
is somewhat less (.67 and .83) along depth contours and somewhat larger (.53 
or less) across depth contours. For averages over 10 estimates, a test for signif-
icance (Granger, I 964-; p. 79) yields the result that 90-95 % of the coherence 
estimates for an incoherent process with averages over Io estimates (ten degrees 
of freedom for cross-spectral estimates) will be below "" . 7. The phase differ-
ences between u components for the coherent records are - 15° (westward pro-
pagation) for 34 7 I vs. 3502 and 30° ( eastward propagation) for 3461 vs. 35 I 1. 
Unfortunately, possible errors in the time base for 3461 preclude attaching sig-
nificance to the latter result. A phase shift of 15° over 25 km at a period of 
14.5 days would imply an east-west wavelength of"" 600 km and phase speed 
of"" 40 cm/s. In any event, east-west phase differences are very small, im-
plying large length scales along depth contours. An error estimate for phases 
(Granger, 1964; p. 80) at a coherence level of .8 and with averages over 10 
estimates is ± I 3°; for a coherence of .9 the phase error estimate is ± 9°. 
Neither coherences nor u energy levels for the frequency band of interest were 
significantly affected by varying the data window from the ordinary hat to the 
sine function or by re-coloring or not. The energy distribution for v for the 
records over the strong slope was seriously altered; however, the low-frequency 
energy level for v is too low for this result to be important in the present 
context. 

The adjustment to a common record length of 86 days was predicated by a 
malfunction for 3502 after this recording duration. Coherence and spectral 
estimates were also calculated for 111-day duration for records 35 I I and 3461. 
The resulting spectral distribution is similar to that obtained with 86-day re-
cords. The u and v coherences for the lowest frequency band available aver-
aging over Io estimates were .80 and .5 I in comparison with .84 and .64 ob-
tained for estimates based on 86-day duration. Corresponding relative phases 
were 28° and 7 I O as compared to 32° and 7 I O found previously. 

Low-passed records from moorings 348, 349 and 350 in the high-frequency 
triangle were adjusted to a common time origin and duration (45 days). Verti-
cal coherences for u were never less than .95 and the horizontal coherences 
were not less than .94 for the lowest frequency band. There is a possibly sig-
nificant phase shift of I 5-25° between meters I oo m up from the bottom and 
those in the boundary layer (Wunsch and Hendry, 1972) 2-3 and 10 m up 
from the bottom. The currents in the boundary layer lag these at "" I oo m 
up from the bottom for moorings 349 and 350. Wunsch and Hendry (1972, 
Fig. 6 and accompanying discussion) have observed that the directionality of 
the low-frequency currents at mooring 349 veers clockwise moving up from 
the bottom. 

Simultaneous segments of 3521 and 3451 vs. 3461 have coherences less 
than .5. 

The phase differences for the coherent parts of u and v for all records vary 
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between 116° and 341°. Over the slope (moorings 347, 348, 349 and 350) 
the relative phases between u and v are concentrated near 180°. 

Time-averaged velocity components are listed in Table I. All values of < u > 
are negative in sign (westward). Values of< v > are small and scattered in sign. 
Time averages over such short records in the presence of energetic fluctuations 
have large potential error bounds as estimates of the mean flow. Estimates of 
mean currents based on a larger data base at Site D (Webster, 1969a) show a 
consistent westward component. 

4. INTERPRETATION OF THE DATA. Available models of low-frequency 
variability are idealizations of the observational situation. For example, most 
are linear, barotropic and based on simple topography. The historical data base 
and data presented in preceding sections are sparse. The array under discussion 
was exploratory and not designed to test a specific model or class of models. 
Since an effort to identify possible mechanisms is a necessary step in the evolu-
tion of more relevant models and more fruitful experiments, the following dis-
cussion is an effort to extract information on mechanism without comparing 
model and data in a manner unwarranted by the restricted nature of either. 

With regard to Rhines (1971a) questions about the relevance of Thompson's 
( 1971) model the key point is the nature of the interaction at the continental 
slope. In the context of the linear barotropic model, the problem is the intensity 
of reflection. The correlation between u and v is - sign(k,I) for a monochro-
matic wave geostrophic at leading order. For a mixture of incoming and re-
flected waves the correlation is dependent on the horizontal coordinate across 
the depth contours and oscillates between - sign (k,I) and - ( 1 - R2

) sign (k,I)/ 
( 1 + R2

) where R, the reflection coefficient, is the ratio of the amplitude of 
the reflected to the incident wave. The correlation coefficients of ""-.6 for 
Site D calculated by Thompson ( 1971) imply a reflection coefficient for plane 
waves of"" .5. 

Rhines ( 1971a) points out that theory (Rhines, 1969) would indicate strong 
reflection from the slope north of Site D if the width of the slope were very 
small compared with the wavelength along depth contours (k). The discussion 
of the effect of the slope by Rhines is based on a small slope model, and directed 
toward understanding the response to an incident wave from the "interior". 
Waves oscillatory in y are excited over the slope when the depth decreases to-
ward the north (for Rossby waves); for topographic waves when the depth 
changes are in the same direction in the interior and on the slope, the case of 
interest here. Modes are excited when the wave number across depth contours 
times the slope width (a) is an integer multiple (n) of n. One might look for the 
presence of these modes in the data as an indicator for large transmission (or 
low reflection: the Ramschauer effect; Rhines, 1969, pp. 1 70 and 1 7 l ). Of 
course, invoking this mechanism would raise another problem: the properties 
of the transmitted wave on the shelf become a crucial consideration. The ex-
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citation of modes is a requirement only on the phase speed along depth contours 
for n > I and ka <( I, in which case the slope modes seem too slow ( a very 
small fraction of Joa) to match with incoming waves with phase speeds near 
f 0 a. The situation is more favorable for n = o. 

Caldwell et al. ( I 972, p. 42, Fig. 2) present dispersion curves for slope or 
slope-shelf modes based on a more reali stic topographic (order I depth change) 
distribution. w is approximately linear in k for small (w,k), as for a small slope, 
but the phase speeds for small (w,k) and for mode o to mode 3 are 
(a is now a characteristic width for the shelf- slope system). The range of (w,k) 
appropriate to the data under discussion (w/Jo = . I or less, ka = 1 or less) is 
located in the lower left hand corner (i.e., near the origin: this observation 
precludes invoking a small group velocity argument) of the dispersion curves of 
Caldwell et al. (1972, p. 42, Fig. 2); a region dense in possible modes and in 
particular, modes with a large number of zero crossings in they direction. For 
"small" (w,k), a small bandwidth in (w,k) is associated with a large number of 
high order modes across the depth contours. The observed low coherence across 
and large coherence along depth contours is compatible with this type of mode 
mtx. 

Caldwell et al. (1972, p. 44, Fig. 4) display the shapes of the first 3 modes 
for a particular choice of parameters. The modes are oscillatory in y with the 
envelope of the oscillation increasing with decreasing depth. If the data were 
possibly representative of a single mode, one might look for something lik e an 
eigenfunction shape (squared) in the kinetic energy distribution. Attempts to 
identify a single mode are discouraged by the low coherence across depth con-
tours (for the frequency band considered). The coherence estimates are con-
sistent with a large bandwidth (number of modes) in they-direction, so that an 
energy distribution with the opposite spatial behavior of single modes could 
presumably be synthesized. 

The relative phases between u and v are 90° for single slope modes. The 
observed relative phases are near 180° (propagating waves) on the slope (3471 
and 3502) and 20° (3511) and 60° (3461) near the slope-rise junction. This 
result seems more indicati ve of a combination of trapping ( 90° phase differences) 
and propagati on ( o0 or 1 80° phase differences) near the slope-rise junction and 
propagation up the slope rather than the excitation of the shelf- slope modes. 

Suarez (1971) has examined the effect of stratification on barotropic waves 
incident on a small slope from a plain. The two-dimensionally propagating 
modes on the slope have amplitudes decaying up from the bottom (these waves 
were discovered by Rhines, 1971 b ). Possible differences in the vertical structure 
of the incident and transmitted waves are taken up by modes oscillatory in 
depth and horizontally trapped to the plain-slope junction. The vertical struc-
ture of the waves over the slope is determined by the phase speed along depth 
contours of the incoming wave. Suarez defines the phase speed c; at which the 
vertical decay scale is equal to the depth as the transit ion between a barotropic 
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(phase speeds higher than C;) vs. baroclinic response over the slope. His defini-
tion (Suarez, 197 1; p. 81) is 

C' = sfo (I'H)2 , for mH = 1. 
s H mHtanhmH 

H is the depth scale, s is the ratio of the depth change across the slope to the 
depth of the plain, and I'= N/fo. Other symbols are as previously defined. 
For s = 10-2, I'= 15, Jo= 10- 4 r', H = 4 km, he finds c; = 75 km/day. 
For increasing s the response becomes more baroclinic, other parameters being 
held constant. For incoming waves with regression axes similar to those at Site 
D the coefficient of reflection (Suarez, 1971; p. 113, Fig. 3-9) for the transi-
tion (mH = 1) waves is in the neighborhood of 0.5. 

The Suarez phase speed criterion seems also to suggest that Thompson's 
( 197 1) assumption that barotropic forcing at the edge of the Gulf Stream would 
lead to a barotropic response over the continental rise is marginal for mean-
dering scales (periods of 10-60 days, downstream wavelengths of 200-4ookm). 
Recent array measurements near Site D (R. 0. R. Y. Thompson, personal com-
munication) suggest, below the thermocline, an east-west or along depth con-
tour wavelength of 600 km and that the correlation between u and v varies in 
this direction. These results are consistent with the data reported here, and 
also act in a direction more compatible with the Suarez criterion. 600 km is 
larger than a typical meander wavelength but there is energy available at this 
scale in the meander envelope, i.e., the amplification scale. Jim Luyten (per-
sonal communication) has pointed out that the length of the indentation bet-
ween Cape Hatteras and Georges Bank is 600-700 km. 

Verti cal profiles made with a prototype electromagnetic dropsonde (Drever 
and Sanford, 1970) over the slope just prior to the deployment of the slope 
array are shown in Figure 7. This instrument does not record the vertically-
averaged fl ow. The profiles show some (small) evidence both for bottom 
trapping and for a baroclinic modal flow. Since the profiles contain contribu-
ti ons from all frequencies, this vertical structure cannot be unambiguously 
identifi ed with low-frequency currents. Efforts to low-pass a time series (taken 
at a later date) of these shear profiles (Thomas Sanford, personal communica-
ti on) suggest that higher order modal structure is predominately associated with 
frequencies higher than 1 c.p.d. and that the lower order modal structure and 
slight . bottom intensification are predominantly associated with lower fre-
quencies. 

The present data base is not suffi cient to distinguish unambiguously between 
slope modes and a combinati on of bottom-intensifi ed propagation and horizon-
tal trapping at the slope-rise junction. The sequence of events for the motions 
concentrated near a peri od of ten days [Fig. 4(a)] and the difference in relative 
phases between u and v ( ""' 1 80° up the slope and "" 20° -60° near the slope-
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Figure 7. Vertical profiles from an electromagnetic dropsonde at indicated locations. ( U, D) denote 
(up, down) traces. 

rise junction) might indicate the arrival of a wave group with few-cycle pro-
pagation up the slope to 3502 and 3471 and horizontal trapping at 3461 and 
3511 (the slope-rise junction). It should be pointed out that the discussion of 
horizontal trapping with regard to the Suarez ( 1971) scattering calculation is 
severely restricted by the limited applicability of the model. Jim Luyten (per-
sonal communication) has suggested that the scattering phenomena, and con-
sequent trapping, might be inappropriately modelled by a discontinuity in slope 
in the context of a small slope approximation. What is needed is a stratified 
model with parameter range appropriate to the data, that is, a realistic slope. 
The suggestive nature of the data available, and the possible general significance 
of a mechanism that would strongly limit penetration of low-frequency vari-
ability from oceanic to shelf regions, would seem to provide motivation for this 
type of theoretical investigation. Recent pilot observations on the shelf (Robert 
Beardsley, personal communication) suggest that the low-frequency variability 
there is predominantly associated with local wind forcing. 

Most discussions of waves trapped to a slope-shelf system (often call ed Con-
tinental Shelf W aves, e.g., Caldwell et al., 1972) have been directed toward 
interpreting sea level data at coastal stations and focus on the response to atmos-
pheric forcing (Mysak, 1969; Mysak and Hamon, 1969; Mooers and Smith, 
1968). Modes forced locally could "leak" out onto the ri se. However, the 
orientation of the principal axes at Site D (possibly implying a group velocity 
predominantly to the north: R. Thompson, 197 1) does not encourage this in-
terpretation. In order to examine the possibility that the current fluctuations 
observed might be associated with local winds, coherences were computed be-
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tween the current data and daily wind data collected at the Nantucket Shoals 
Lightship (Fig. 1 ). The wind current or wind-stress current coherences com-
puted for the lowest frequency band with averages over 10 estimates vary from 
.07 to .68. The highest coherences are for v current against u wind with 3461 
(.68) and 3471 (.66). The highest overall coherences were for 3471, the 
mooring closest to the Lightship, and cross-component coherences were higher 
than coherences between the same velocity components. This result is not a 
conclusive test of the importance of atmospheric forcing, but it does preclude 
ruling out such a mechanism. 

We have, so far, been discussing mechanism in the context of existing hypo-
theses. It may be that other processes, not previously considered, are of equal 
or more relevance. For example, the Naval Oceanographic Office (Thompson 
and Gotthardt, 1971) observed the passage of a cutoff Gulf Stream ring 
through the slope array. What are the properties of the radiation field of a 
moving ring? 

To summarize this discussion of mechanism; vestiges of low-frequency slope 
modes might be present in the data and a superposition of many such modes 
could lead to the observed coherence along depth contours, lack of coherence 
across depth contours, relative phases, and energy distribution. But nonlinearity 
and stratification are potentially important over the slope even for an incoming 
barotropic wave. In particular, horizontal trapping at the junction of the con-
tinental slope and rise and bottom intensification over the slope may be oper-
ative and associated with stratification. The author is not aware of any existing 
model having a parameter range clearly appropriate to the data. Existing ideas 
about the low-frequency variability near Site D and the slope appeal to waves 
radiated by the Gulf Stream, but atmospheric forcing or the Row field asso-
ciated with the passage of a Gulf Stream ring could be of importance in inter-
preting the data. 
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