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Introduction

. The submarine ridge system between Greenland and Scotland con-
stitutes a major obstacle for the spreading of the cold (-0.5 to
-0.9° C) and relatively saline (N34.92°/oo) water from its fofma—
tion area in the Greenland/Norwegian Seas into the North Atlantic.
Ever since KNUDSEN (1899) first observed this overflow, numerous
field studies were aimed at determining the scales of its varia-
tions in space and time. Whereas the topographic control of the
overflow process and the spatial scales of its fluctuations could
be determined on the basis of sufficiently dense hydrographic sec-
tions or even synoptic surveys that became available until 1860,
(for references see HANSEN and MEiNCKE, 1979) it was not until
1973 that continuous recor&é of 30 to 50 days duration were ob-

.' tained from moored instruments deployed durihg the expedition
"Overflow '73" (ICES 1975). From these data MEINCKE (1975) and
ROSS (1976) suspecteé that overflow-events werce correlated with
changes of the atmospheric pressure distribution at the synoptic
scale of order 10 days. .

In order to obtain statistically significant information on

the.timé scale of overflow-variations, the joint USA/Iceland/UK/
USSR and F.R. CGermany project MONA (Monitoring the Overflow into
the North Atlantic) was launched in 1975 by mcoring near botteom
current meters at 7 positions on the Greenland-Scotland ridge.
In the Denmark-Strait the by far largest signal in the low fre-
| quency band was cbserved at a time scale of 1.5 to 2.5 daye with
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amplitudes comparable to the mean flow (AAGAARD and MALMBERG,
1978) . The authors contribute this to a baroclinic instability
process with the statistics however being highly non-stationary.
A preliminary analysis of time series on the Iceland-Faroe ridge
and in the Faroe-Shetland Channel {(MEINCKE and KYVINGE, 1978)
occasionally indicated energy maxima in the period bands 8 to

11 cdays and 2 to 5 days in correspondence to spectra of atmos—
pheric pressure. However, coherences between the variables wera
mostly belew marginal and no interpretation was possible in terms
of direct coupling between atmospheric and oceénograghic fluctua~-
tions. Continuing with the analysis of these duata, the present
paper investigates the spectral properties of the recorded
oceanographic paramestexs for the peridd range from 2 hours to
about 50 days. It is the aim to describe the relation between ‘.
the obsedrved fluctuations and the regional hydrography and to
discuss the effectiveness of baroclinic instabilities versus
meteoroclogical forecing in causing the fluctuations.

The hydrographical setting

Figure 1 shows the topography of the socutheastern portion of
the Iceland-Faroe ridge and most of the Faroe-Shetland channel
which are both part of the Greenland-Scotland ridge system.
Whereas the northeastern flank of the Iceland-Farce ridge hay
a2 uniform slope with the isobaths in southeast~northwé$t direc-
tion, the crest is characterized by a series of notches cutting
across (FLEISCHER et al., 1975). Figure 1 shews that the mooring
MONA 3 is located in the transition area between one of the
notches and the flank with the local iscbaths (at 5 km scale)
in east-west direction. This is in contrast to the location of
mooring MONA 1 which was moored in the deep and narrecwing part
of the Faroe~Shetland channel in smooth topography with the igo-
baths in northeast-southwest cirection. Table 1 gives the exact
positions of the moored instruments and other relevant informa-
tion. The contrast in topographic conditions for MCNA 1 and 3
also holds for the hydrographic situation. Figure 2 shows the

characteristic distribution of temperature on sections past the
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mooring location. It clearly locates the instrument on MONA 3 into
the zone of the polar front which parallels the southeastern part
of the Iceland-Faroe ridge (HANSEN and MEINCKE, 1979). The typical
width of the front near the bottom is 30 km and it separates the
nearly homogeneous Norwegian Sea deep water from the stratified
mixed waters on the Atlantic side of the front (MEINCKE, 1978).
Meandering and eddying in the frontal zone at spatial scales of
the order 30-50 km locally leads to temperature changes as
demonstrated in Figure 3. During phases of higher ambient tempe-
rature the amplitudes of shorter term (tidal) fluctuations are
high, whereas the presence of Norwegian Sea deep water leads to
the low temperature cut-off around -0.5° ¢ with only very small
fluctuations, despite unchanged amplitudes of the tidal currents.
In contrast to the conditions at MONA 3 the instrument on
MONA 1 was permanently located in Norwegian Sea deep water. Al-.
though the temperature sensor failed this statement is safe since
more than 50 years of monitoring the Faroce-Shetland channel have
proven the persistence of the nearly homogeneous deep water at
these depths (MARTIN, 1966).

Kinematical structure of current fluctuations

Frequency spectra of twice the horizontal kinetic energy (HKE)
at stations MONA 1 and MONA 3 are shown in figure 4. The spectra
are daminated by a strong peak at 2 cpd. The freguency resolution
is such that inertial oscillations and semidiurnal tides are not
resolved. A further peak occurs at 1 cpd and indicates a diurnal
component which is dominated by the O1-tide (KOLTERMANN, 1978).
Outside this frequency range the spectra decrease smoothly and

approximately proportional to a w-z

power-law. At long periods
(> 10 d) the spectra become more or less flat. An energy-conserving
plot (not shown) would have a peak around 10 days.

Both the spectra at MONA 1 and MONA 3 are rather similar in
shape but not in magnitude. Throughout the low-frequency range,
the values at MONA 3 exceed those at MONA 1 by a factor of 2-3
while at high frequencies the energies are identical. That factoer
is close to the square of the depth ratio (H1/H3)2 =z 3.1. As low-
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frequency current fluctuations in the area are normally nearly
barotropic (XOLTERMANN et al., 1976), we conclude that within
their statistical accuracy the low-frequency mass transport
fluctuations at botli stations are almost identical.

In order to investigate the horizontal scales of motion, we
have calculated cross-spectra between various current components
at MONA 1 and MONA 3. As an example in figure 5 coherence and
phase between the NE-components at both stations is shown. These
curves are representative for all other combinations of compo-
nents. Generally, the coherences are rather low. Only at semi-
diurnal and diurnal periods significant values were found between
all components. At low frequencies few coherence values are
marginally significant, e.g. at 6.6 days period. If that co-
herence is not spurious it would indicate propagation of a ‘
signal between MONA 1 and MONA 3 (the component at MONA 3 leads).
We feel, however, that conclusions about wavelengths and propa-
gation direction based on a single marginal coherence would be
rather shaky. Further and more closely spaced stations are re-
quired to determine the horizontal scales of motion uniquely
from current measurements alone.

The following analysis of the current fluctuations is per-
formed in a rotary rather than cartesian representation of the
current vector (GONELLA, 1972). The argument for this choice
is that the surrounding topography is extremely irregular and
no "natural" coordinate system can be identified easily. We will
consider energy spectra (E) of the clockwise (+) and anticlock- ‘.
wise horizontal wvelocity components. A useful number is the
ratio E+ (w)/E- (w) which contains information on the kinemati-
cal structure of the motion. (The sum of both quantities is, of
course, identical to the HKE plotted in figure 4). The simplest
conceivable situation would be described by linear, inviscid
and unforced dynamics, with the horizontal momentum balance
given by

it
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in standard notation. Assuming a superposition of plane waves
with random phase relations, one can derive from (1) the con-

sistency relation

™

Sy (w) (f ‘w)z

(MULLER and SIEDLER, 1976).

The observed values E_/E_ from stations MONA 1 and MONA 3
are plotted in figure 6. Also shown is the theoretical curve
(2) (full line). With few exceptions, the observed values are
larger than prediction (2) and show an excess of counter-clock-
wise energy, or more precisely a lack of excess of clockwise
energy. Only around 10 days at station MONA 1 there is an oppo-
site tendency, with too much clockwise energy.

As the violations of relation (2) are significant at the 95 %-
level, we have to ask for possible mechanisms causing this be-
haviour. One possible candidate is friction as both current
meters are close to the bottom and may be affected by turbulence
in a frictional layer. Considering a simple Guldberg-Mohn
friction in (1) the consistency relation becomes

By (@) e =)2 422

EC (@) " (5 45)2 4 32

(3)

where A~! is an effective dissipation time. The dashed line in
figure 6 corresponds to (3) with a constant value 1-1 = 1,5 h.

At MONA 3 eg. (3) is a much better description of the observations
than the frictionless form (2), except near tidal andAinertial
frequencies. The discrepancies could be further reduced by relax-
ing the physical unreasonable assumption that A is constant with
frequency. Therefore we conclude that at MONA 3 the current
fluctuations are consistent with a description by randomly super-
posed free waves with friction invoked.

The situation at MONA 1 is somewhat different. First of all,
at high frequencies the observed values of E _/E_ exceed those at
MCNA 3 and hence would require a larger value for the frictional
"constant". This would be surprising as the instrument at MONA 1
is located 51 m above the bottom as compared to 17 m at MONA 3 so
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that one would expect stronger frictional influence at MONA 3.
Furthermore, some values of E+/E_ are outside the range which

in principle can be reached by (3), namely exceeding unity
{(especially at diurnazl period) and below the theoretical curve
{2) {around 10 . days). Thus it seems that friction alone
cannot explain the observations at MONA 1. It is more likely
that the complicated channel geometry imposes constraints on the
phases of different wave trains. In this case the theoretical
ratio E+/E_ depends on these phase differences, and no simple
results as (2) or (3) are available. i

In order to obtain information on the directional structure
of the fluctuations we consider the coherence vy, _ between the
two rotary ccmponents. Perfect coherence is equivalent to a
unique orlientation ¥ of the current ellipse which is related to ‘.
the phase difference ¢, _ by ¥ = ¢, /2 (¥ counted mathematically
positive from east). Perfect coherence generally indicates a
monochronatic wave train in the hofizontal plane. Zero coherence,
on the other hand, implies that the current ellipse degrades into
a circle and that there is no preferred direction of principal
axes, although this does not necessarily indicate horizontal
isotropy (cf. WILLEBRAND et al., 1977). 4

Ccherence v, _ and phase difference ¢, for stations MONA 1
and MCONA 3 are shown in figure 8. The cocherence is significant
nearly everywhere and indicates a strong directionality, at
MONA 3 somewhat less than at MONA 1. Esgpecially large values
occur at semidiurnal tides. Except for the tides, coherence '
gradually decrcases toward higher frequencies, and the direc-. '.
tional distribution becomes more diffuse. Most phases are be-
tween 0° and 900, and the orientation cf the current ellipse
does not vary much with frequency.

The ratio.of major/minor principal axes and their orientation
is ligsted in table 2. The direction of the major principral axis
contains information about the horizontal direction of the

isturbances. In case that the simple model (1) applies, both
directions are identical, and the propagation direction ig
determined up to * 180°. It is obvious that these directions
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should be related to the topography map (figure 1), especially
at low freguencies where the consistency relation (2) is valid.
By and large, we find NE-SW direction at MONA 1, and E-W direc-
tion at MONA 3, parallel to the bottom contours. Thus, it seems
that the fluctuating motion is strongly controlled by the local
topography -

Temperature measurements analysis

The temperature time series obtained at position MONA 3 has
a mean value of 0.7° ¢ and a rms derivation of 1.1° c. as already
discussed, the temperature time series in figure 3 shows a
markedly non-gaussian distribution with fregquent low-temperature
cut—-offs around -0.5° ¢, a pattern related to advection of the
polar front past the instrument.

The temperature autospectrum is shown in figure 9. The spec-
tyum is rather smooth and decreases with a slope around -2 at
frequencies above .1 cpd. The peak at semidiurnal (and inertial)
fregquency is much less prominent than it is in the current
spectrum (fig. 4), and at the diurnal frequency there is no
significant peak at all.

The covariance between temperature and current is largest in
the direction of 20° clockwise from north with <u'T!> =+ 2.8°¢C
cm 5—1, a value that significantly differs from zero at the 95 §
probability level. The corresponding eddy heat flux into that
direction, H = p o <u'T'>, is then found to 1,2 - 10° W n 2.

Figure 10 shows the cospectrum between temperature and current
in 20° vs. frequency in an energy-conserving way such that the
area under the curve is proportional to the contribution toAthe
total covariance. It demonstrates that by far the largest contri-
bution to the eddy heat flux comes £rom periods longer than 10
days.

Figure 11 displays for various pericds the coherence between
temperature and current as a function of the current direction.
»+ most periods maximum coherence occurs between directions N and
NW. We notice that this direction differs by some 30-40° from
the direction of maximum correlation. The cause for that difference
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is the strong anisotropic structure of the current fluctuations
which have their maximum amplitude in E-W direction.

The coherer.ce between temperature and current in 350° direc-
tion is plotted in figure 12 together with the corresponding
phase difference. Although the coherence is not very high, it
is nevertheless clearly significant at most fregquencies. The
phase is near 2zero at low frequencies, indicating that high
temperatures and northward currents occur simultanecusly. At
shorter periods the phase changes towards -90° so that here
northward currents precede higher temperatures. It is important
tc note that this phase shift is significant at the 95 § levél
despite the low coherence values.

The information in figures 9-12 allows some semi-guantitative
conclusions about the heat balance at station MONA 3. The ob- .
served correlation between current and temperature suggests
that horizontal advection must be a dominant process. WILLEBRAND
and MEINCKE (1980) have proposed a stochastic advection model
considering the heat balance equation

a aT
o m
(4) g tupax, = fF M
with £ = - v, 9, (summation over a = 1,2 understood)

where the coordinate system is oriented such, that X, is in the
direction of 350° which on the average gives the largest coherence
between current and temperature. T 1s a local time average of ‘.
temperature used to define the mean temperature gradient, uT
represents the diffusion term and 9 is a fluctuating horizontal
temperature gradient. Now if the velocity is a broadband

stationary function of time, the fluctuating temperature gradient
will be almost independent of the local instantaneous velocity.
Hence the forcing term f in (4) is uncorrelated with u and
effectively acts as "noise". The spectrum Eg can be found to be

{(w) = fdw' (w') E_. (w=-w"')

=
“HKE g

where E = E + E is the spectrum of (twice) the horizontal
HKE uy v,
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kinetic energy.

In order to evaluate (5) we have to specify the temperature
gradient spectrum Eg (vi) . One possible idealization is to think
of a number of different water masses, each with its own
temperature, being advected past the instrument. In this case
the time series of temperature gradient consists of a series
of spikes and has a white spectrum, Eg (w) = const, and the
situation is completely analogous to the one-dimensional case
considered by PHILLIPS (1971). Indeed, inspection of the
temperature time series in figure 3 reveals that at times the
temperature is more or less constant over intervals of nearly
a week. At other times, however, the instrument lies in a
gradient region of varying intensity as one can see from the
intensity of tidal fluctuations in the temperature record. The
la tter situation would correspond to a spectrum Eg (w) peaked.
at low frequencies.

In a crude way the spectrum can be modelled as a linear com-
binaticn of both limiting cases,

(6) Ey (w) = F, + F, §(w)
with the constants Fo' F1 yet to be determined. If in addition
the mean temperature gradient 9Ty /3%, and the diffusion constant

u are determined, a theoretical estimate for the curves cbserved
in figures 9 and 12 can be obtained. These parameters can be

found by applying some kind of fitting procedure. Less than op-
timal but sufficiently accurate values can, however, already be
determined by inspection. From the high-frequency end of the
temperature spectrum where the white part of Eg {w) dominates the
forcing - . we find the constant F_ v 3.510"13 o C/cm)z/
cpd. From the phase changes near a period of 7 days in figure 10
we find p ~ (2w/7 days) = 10—5 sec—1. Finally, the parameters

AT,/ 9%, and F; are related in a somewhat coupled way to the co-
herences at low frequencies and to the spectral peak at tidal
frequency. By means of a non-systematic trial and error method

we £ind AT _/dx, = - 107°9C/cm and Fy = .3 =12 (0c/em) 2.

T30
The theoretical curves with those parameter values are shown
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in figures 9 and 12 (dashed lines). By and large, the agreement
with the observed values is quite satisfactory. Discrepancies
cccur in the energy spectrum between .1 cpd and 1 cpd where the
theoretical spectrum is too large by some 40 %, and in the co-
herence curve where the theoretical coherence is generally too
large at low freguencies. One obvious reason is the over-
simplification in (6).

The total variance of the temperature gradient fluctuations
were cestimated to be < g2 > Ve g o P el 10-60 C/cm, more than
double the magnitude of the mean gradient. More than 90 % of
that variance is associated with the white part of the spectrum.
Knowing the variance of both temperature and temperature gradient
we can define a typical horizontal scale L of the fluctuating
temperature field by

(M L2ac<r?s/<cg?>

With the numbers given above an equivalent wavelength 27L = 25 km
is yielded in agreement with typical eddy dimensions as found by

HANSEN and MEINCKE (1979).

Energetics

Two possible mechanisms are most likely to cause the observed
current and temperature fluctuations, namely (i) barccliniec in-
stability of the polar front jet and (ii) generation by atmos-
pheric disturbances. Although the information in our data is by ‘.
far insufficient to apply a quantitative theory of either
mechanism, it is possible to roughly estimate their relative im-
portance.

From turbulent heat flux and mean temperature gradient one
can calculate a horizontal eddy diffusivity. Neglecting the
difference in the directions of both vectors, we define Ay by
G;TT = -~ Ay 9T /3x,. Inserting the numbers given above we find
A, = + 3-106 cm2 s-1.

. Turbulent heat flux down the mean temperature gradient indi-
cates that energy is flowing from the mean field into the fluctua-
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tions. To decide whether or not an instability mechanism can be
effective at all, we estimate the rate of energy conversion S
from available potential energy of the mean field into eddy
energy. We use the simplified equation of state p = Po (1 - BT)
and the definitions

1 2
E, = = p_  (ul” + ul®)
(8) kin 2 Yo 1 2
e _1a%? 72
pot Z o N2

for eddy kiretic and available potential energy. In the absence

of friction, horizontal shear of the mean flow, and pressure work
at the boundaries of the volume of fluid under consideration, and
assuming a mean temperature gradient in u, (v north) - direction,

the conversion rate is given by

imt
(qg)z u2T a'l‘m/ax2
Po N2

(9) S = -

(cf. LORENZ, 1967, PEDLOSKY, 1979).
Inserting the wvalues u;z + u52 = 225 (cm/s)2 for the low frequent
(period >2d) current fluctuations, N = 3 - 10_35-'1 for the Brunt-~

Viisdld frequency, B = 7 ° 107%0 c¢™! and the observed heat flux

and rms temperature, we obtain

. -3
Evin = 110 erg cm
E = 320 erg cm >
pot
s = +1.5 - 1072 exg em 3s”}

The total energy is in the same range as typical values found by
BRYDEN (18%79) in the Drake Passage while the conversion rate is
one order of magnitude higher, largely due to the stronger
temperature gradient at MONA 3. Hence, the time scale which can
be defined from total energy and conversion rate is much shorter
than Bryden's values, namely 3-4 days. That time scale is of
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- 12 -

same order as the characteristic time scale of the fluctuations
indicating that the energy transfer from mean to fluctuating
energy must be an important process in the energy balance of
the fluctuations.

In order to investigate the possibility of direct atmospheric
generation, we have calculated cocherences between all chserved
oceanic variables and sea level pressure and pressure gradient.
Essentially, no significant ccherence between any oceanic and
atmospheric variable was found. However, this result does not
necessarily indicatzs that atmospheric gencration is unimportant,
as even in idealized cases not much correlation between atmos-
phere and ocean can be expected (WILLEBRAND et al., 1979).

The f£lux of mechanical energy from wind into the ocean is
calculated as average product of wind stress and surface velocity .
<T T u, . Assuming that surface and observed near-bottom
velocity are of same magnitude and that the energy is distri-
buted uniformly over the water column, we obtain for the local

input rate

(10) S,t = v T

Here Yru denotes an average correlation between corresponding
wind stress and current components. We estimate Yiu < 0.3 as a
larger value would have been detected in the analysis. Inserting
T = 2 dyne em™?, u =15 cm s~} and H = 500 m, we £ind
rms -4 rms ,
S. <3+ 10 erqg cm~3 51, almost an order of magnitude smaller ‘.

T
than conversion of mean potential energy.

Summarv and discussion

Statistical analysis of one-year current and temperature
time series has revealed information on the kinematical struc-
ture of the flow, and also allows to speculate on the dynamics
governing the motion.

The observed current fluctuations have a dominant time scale
of 10 days, considerably longer than the value of 2 days observed
in Denmark Strait by SMITH (1976) and AAGAARD and MEINCKE (1978).
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At low frequencies (including tides) the currents‘are strongly
anisotropic, their major principal axis being roughly paraliel
to the bottom contours. Towards higher frequencies the aniso-
tropy is less prominent, especially at MONA 3.

A consistency test was performed in order to test the concept
of randomly superposed, linear and free waves. At MONA 3, that
concept proved useful at periods longer than 2 days. At higher
frequencies additional friction and/or forcing is required to
balance momentum, with a time scale from a few hours to less
than 1 h. At MONA .1, however, that concept is not applicable
probably dues to the dominating influence of the geometry
preventing the random phases in favour cf more organized, basin-
mode-like motions.

Temperature variations observed at MONA 3 can be explained
almost perfectly in terms of a simple stochastic model con-
sisting of three ingredients: horizontal advection of mean
temperature field, advection of eddy temperature f£ield and
diffusion. Characteristic parameters which can be determined by
fitting the model are mean temperature gradient, horizontal
eddy scale and a diffusive time scale. The first two of those
parameters are in good.agreement with hydrographic observations,
‘and their determination from a single instrument demonstrates
the additional information gained by relating current and
temperature with a simple model.

From the correlation of current and temperature signal, we
inferred a local eddy heat flux of 1.2 ° 105 Wm =2
direction. Taking the regional orientation of the polar front
into account, that indicates an influx of heat into the Nor-
wegian Sea normal to the front. If this number is representative

in northerly

for the total frontal zone between Iceland and the Faroes, i.e.
for a depth range from 200 m to 500 m over a length of 440 km
then the eddy heat flux contributes 1.6 - 1013 ¥ to the heat
budget of the Norwegian Sea. This amount is of the same order

as 0.9 - 1013,which is the heat lost from the southwestern Nor-
wegian Sea by advection of low salinity intermediate water along
the frontal zone into southeasterly direction (MEINCKE, 1978)
and the transport by Norwegian Sea deep water across the
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Iceland-Faroc ridge (WORTHINGTON, 1970). Thus, it is demon-
strated that heat f£lux by eddies is at least locally important,
although its contribution to the total heat budget of the
Norwegian Sea may still be small.

A strong flux of energy from mean available potential to eddy
energy suggests that baroclinic instability is a major source
of the low-fregquency f£fluctuations. Whether or not, however, the
actual mean temperature and current field at MONA 3 is baro-
clinically unstable, and if so whether or not the dominating
period (v 10 days) of the cobserved fluctuations coincides with
that of the most unstable waves, is an open question. Attempts
to relate current observations quantitatively to instability
models have been made by SMITH (1976) for the Denmark Strait,
and by MYSAK and SCHOTT (1977) and BRYDEN (1979) for other o
areas. In the present case, a similar comparison is not possible
because (i) the data are too sparse and do reveal neither
vertical nor horizontal structure of the fluctuating fields, -
and (ii) the complicated to?ography prevents use of a simple
analytical model. .

The average input of energy from fluctuating winds is
estimated almost an order of magnitude less than potential
energy conversion. This result is somewhat ironical - as the
question of wind generation was one of the main motivations to
launch this experiment. Our‘tentative cénclusion is that over
most of the time the observed eddies are generated by instability
of the polar front. Only occasionally, during the passage of 0
strong atmospheric cyclones (MEINCKE, 1975), wind generation
is likely to play the dominant role.



Table 1 - General information on time

series ohtained at position MONA 1

and MONA 3
Parameter MONA 1 MONA 3
Position 60°35'N 63°11'N
05°09'W 09°02'W
Bottom depth (m) 947 534
Instrum. depth (m) 896 517
Rec. interval (h) 1 1
Rec. start. (GMT) JUN 8,75,00 JUN 8, 75,00
Rec. stop (GMT) FEB 16,76,00 JUN 13,76,00
*Mean speed (cm 5—1) 1.6 1.8
*Mean direction (degr.) 105 32
*Mean temperature (°C) - 0.68
Eddy kinetic energy (cm2 5—2) 418 584

weights.

* From low-passed time series, half-power-pericd 30 hours, 167 filter




Table 2 — Ratio of major to minor principal axis of current ellipse and
orientation of major axis counter-clockwise from east

MONA 1 MONA 3
Period {d}
Axis ratio Direction {°} Axis ratio Direction {°}
43 7.0 40 4.5 14
21 6.8 40 3.2 9
14 6.1 40 2.9 18
9.5 6.8 39 4.4 : 25
6.6 6.2 40 1.8 ‘ ]
4.7 3.8 38 1.8 38 ([ )
3.4 3.1 20 2.2 57
2.5 2.6 18 1.7 -5
1.9 2.9 33 2.0 17
1.4 2.3 17 1.3 33
1.1 5.1 - 22 2.3 -2
.83 2.3 5 ’ 1.5 6
.63 1.4 0 1.1 32
.48 14.2 9 5.2 22
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Bathymetry of the Southeastern Iceland-Faroe ridge and the Faroe
Shetland channel with locations of moorings MONA 1 and MONA 3.

Sections of terperature based cn CID-measurements in June 1977
by RV Pocseidon (after MEINCKE, 1978). Orientation of sections
indicated in Figure 1, mooring positions marked.

Portion fram the time series of temperature and current
carponents (u1  €ast, u, north) at position MONA 3.

Autospectra of twice the horizontal kinetic energy at both
stations.

Coherence and phase difference of NE current camoonent between
stations MOMNA 3 and MNA 1. Error bars indicate 95 % confidence
interval. Shaded area in coherence diagram indicates 95 %$-range
of coherence estimate if true coherence is zero.

Ratio anticlcckwise over clockwise energy for both stations, with
95 2 confidence limits.

Full line: Theoretical prediction from eqg. (3)

Dashed line: Prediction from eq. (5),with A~1 = 1.5 h.

Values A(w) which make observed and predicted E _/E_ identical at
MONA 3..Dashed lines are X=f and X= w, respectively, for campariscr
of terms in (4).

Coherence and phase difference between rotary current camponents
at both stations. Phase positive if anticlockwise camponent leads.

Full line: Observed temperature spectrum at MONA 3.
Dashed line: Theoretical prediction fram eq. (19).

Cospectrum between temperature and NNE current at. MONA 3.

Ccoherence between temperature and current vs. current direction for
various frequency bands. Scale of absissae applies to 43 d period.
Following curves are shifted upwards by 0.25 units each.

Coherence and phase difference between termperature and 350°
current carponent (full line).
Dashed line is prediction from eq. (21) and (22).
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