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autocorrelation function have been systématically calculated. Position of the Mid-Atlantic Ridge is also shown.

correlated for different wave numbers and the correlation of
cycles on a given track will depend on the frequency-wave
number spectrum. However, by choosing a decorrelation of
one track in three, which is around 3 times the actual
decorrelation length of SLLA measurements, we have prob-
ably taken sufficient account of error factors. The mean
number of tracks per group is around 13, and the mean
number of cycles per track is around 30 (most of the tracks
are only partially complete). This gives an average of 100
degrees of freedom, which corresponds to a precision of
around 15% for our estimation. The precision on spectral
slopes can also be estimated: a spectral slope between 150
km and 300 km (six independent spectral estimations) can be
estimated to within =0.6.

4.2.

We first calculated the mean spectra of the ascending and
descending tracks separately in order to reveal any anisotro-
pic effect. Note, however, that the geometric configuration
of the tracks does not allow any possible dominance of zonal
scales to be detected. Most spectra are generally not signif-
icantly different, given the confidence intervals used. In
general, the assumption of isotropy is not refuted, thus
lending support to the choice of averaging ascending and
descending spectra together. However, it seems that signif-
icant differences can be observed for some groups situated
near the Gulf Stream (see groups 33 and 43 in Figure 4) as
well as in regions of low eddy activity (see groups 40, 41, and
53 in Figure 4). For groups situated near the Gulf Stream, the
differences occur principally at wavelengths longer than 300
km and could be related to the way Gulf Stream meanders
develop. For other groups, differences are aiso observed for
long wavelengths (40 and 53), although group 41 shows

Spatial Scales

differences in the 50- to 150-km wavelength band. We do not
presently have a satisfactory explanation of this result.

4.2.1. Comparison of wave number spectra. The mean
unfiltered wave number spectra per group are shown in
Figures 5a-5d. The general shape of the spectra can be
described as follows: a white noise level of around 150 ¢m?
cycle ™! km visible up to scales increasing from 30 km in the
north to 60 km In the south; an ‘‘Intermediate regime,"
sometimes nonexistent, up to 100-200 km from north to
south, where spectra are red with weak slopes of around —1;
a band of wavelengths with red spectra and well-defined
slopes; and then a break in the slope in most groups
occurring after a peak wavelength of 200-500 km from north
to south. We shall now provide a more detailed description
of these last three features.

The slopes of the red part of the spectra are generally
between ~2 and —4. The steepest slopes are observed at the
western part of the basin and are associated with energetic
areas, while the weaker slopes are found east of the Mid-
Atlantic Ridge where eddy activity is lower. Slopes of ~1 to
—2 are obtained for groups, east of strip 2 (groups 21 and 22)
and group 30, which are the least energetic groups in our
study area.

The peak wavelengths corresponding to breaks in the
spectrum slopes and the shape of the spectra for longer
wavelengths are useful parameters for the study of eddy
dynamics (see section 5). These peak wavelengths (vertical
arrows in Figures 5a4-5d) decrease as latitude increases: the
mean is around 500 km between 20° and 30°N (strip 2), 400
km between 30° and 40°N (strip 3}, 300 km between 40° and
50°N (strip 4), and 200 km between 50° and 60°N (strip 5).
For groups 21, 22, and 30, no significant break is observed:
the slight decrease in the spectral density at 1500 km
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Fig. 4. Spectra of ascending (A) and descending (1)) tracks for groups which show the most significant differences.
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Fig. Sa. Mean wave number spectra for groups between 20°N and 30°N (strip 2).
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Fig. S¢c. Mean wave number spectra for groups between 40°N and 50°N (strip 4).
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Fig. 5d. Mean wave number spectra for groups between 50°N and 60°N (strip 5).
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wavelength (which can be observed for all spectra) is mostly WAVELENGTH (KM)

caused by the procedure used for removing the orbit error. 10° 10° 102

In the following discussion this spectrum estimation will not Lo ST T T T
be considered significant. Afler the peak wavelength the
spectra are ‘‘bluer’™ in the energetic areas.

These spectra E(k) are one-dimensional spectra of the
wave number vector along-track component. Thus for a
wavelength &' these spectra in the along-track direction
contain “‘contributions’ from all wavelengths shorter than
k™! whose wave number vector components (not parallel to
the track) along the satellite ground track are &~'. However,
assuming isotropy, these one-dimensional spectra can be
used to calculate the scalar spectra in wave number FEy(k)
such that Ey(k) = 27kE,(k,, k»), where E,(k,, ky) is the
two-dimensional spectrum and where k? + k3 = k* (see, for
example, Fu [1983]). The above behavior is then accentu-
ated, since E (k) is a weighted integral of Ey(k). Indeed,

E\(k) Bl 0
! x = o iy 2
! L 2= ikHn 10

Inversely, Ey(k) can be deduced from E (k) as follows:
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The kinetic energy spectrum Fy(k) is then directly related to  Fig. 6. Mean scalar wave number spectra for groups 35 and 40.
E(k) as follows:

g° e IS C2(1)C2(0)dr) and the integral of the autocorrelation
Folk) = 22 2mk)"Ey(k) () function for Iag smaller than the first zero crossing L1 (L1 =

§ C)IC0)dr) were both calculated. When the functions
We used (2) and then (3) to calculate Ey(k) and Fy(k) for have significant negative lobes, it is indeed preferable to
groups 35 and 40, which have different characteristics, calculate 1.2 (or L1) rather than the integral scale IS (IS =
spectrum £ (k) of group 35 being blue after the break and
that of group 40 remaining red. This difference is consider- WAVELENGTH (KM)
ably intensified in spectra Ey(k) and Fy(k) (Figures 6a and
6b). Thus the shape of the spectra at longer wavelengths
varies noticeably from one region to another. Two significant
sets can be distinguished in terms of the shape of the spectra
after the break: blue or white (e.g., groups 33, 35, 34, 43, and
42) and red (e.g., groups 31, 40, 41, 50, 51, 52, and 53).
Spectra of strip 2 are probably in this last category, but this
is more difficult to observe because the break occurs for
longer wavelengths.

The third interesting characteristic observed in most of the
groups east of the Mid-Atlantic Ridge (e.g., groups 31, 32,
40, 41, and 51) is a well-defined “‘intermediate regime,’
which in fact corresponds to an increase in energy between
50 and [50-200 km (see dotted lines in Figures 5h, Sc, and
5d). This change of spectral slope, however, is not so clearly
observed for groups west of the Mid-Atlantic Ridge.

These three main characteristics of spectra and their
relation to eddy dynamics will be discussed in section 5.

4.2.2.  Autocorrelation functions and characterization of 102
spatial scales. Figures 7a-7d show the autocorrelation
functions C(r)/C(0), where C(r) is the autocovariance func-
tion obtained by inverse Fourier transform of the 60-km SLA
filtered spectra. Most of these functions show negative lobes ( :
which are partly due to the procedure used to remove orbit 10—t g e
error, which also removes oceanic signal at large wave- 10 10 10 10
lengths. To describe the different spatial scales, the integral WAVENUMBER (CPKM)
of the square of the autocorrelation functions L2 (L2 = Fig. 6h. Mean kinelic energy spectra for groups 35 and 40.
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Fig. 7a. Mean autocorrelation functions for groups between 20°N and 30°N (strip 2).
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J§ C(r/C0)dr) to estimate a correlation length [Richman et

al., 1977].

spectrum value at zero wave number and thus,

Note also that IS is equal to the along-track

due to

long-wavelength errors, cannot be presently estimated.
We also calculated a mean wavelength defined by

| 60 km ~! 60 km ~!
(ky = = f E\(k) dk f KE (k) dk
1500 km ~! 1500 km '

and « = (Var «/Var k), which is inversely proportional to
(fAlg)?, where fis the Coriolis parameter, g is gravity, and A
is a characteristic wavelength; A is the SLA autocorrelation
function microscale length [e.g., Tennckes and Lumley,
1972] as it is related to the curvature of C near the origin (it
is the intercept of the parabola that matches C(#) at the

origin):

C(I') ',2

% =] - X—z small r
2 C0) A%
2o “\g

Table 1 shows values for these different parameters L1,
L2, A, a, and (&) !, L2 is represented in Figure 84 according
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Mean autocorrelation functions for groups between 40°N and SO0°N (strip 4).

to longitude and for each latitude strip. For comparison
purposes, the first internal Rossby radii (IR) obtained by
Emery et al. [1984] are shown in Figure 8b. The first internal
Rossby radius is indeed an important parameter for the
description of the spatial scales, since previous studies have
shown that eddies appear to have spatial scales proportional
to the first internal radius (see, for example, Mercier and
Colin de Verdiére [1985]). The relation between the motion
spatial scale L and IR is given by the ratio R = EKE/EPE,
where EPE is eddy potential energy, since R is proportional
to (IR/L)? for quasi-geostrophic motions [Pedlosky, 1979].

The different characteristic scales (i.e., L1, 1.2, A, and
(k)™ illustrate the same tendencies: apart from strip 2 and
group 30, scales decrease regularly according to latitude.
This variation, however, is smaller than for the first internal
radii and is more related to variations in !, as the nearly
constant « value of 4 suggests. The scales of strip 2 (and
group 30) are smaller than this simple rule of proportionality
would imply, and scales between strip 2 and strip 3 can vary
negatively with the internal radii. The corresponding «
values are very different and larger than in the other regions,
which also means that scales are smaller there. The propor-
tionality of scales with f~! is, however, ouly approximate,
since the scales also vary significantly over the same latitude
strip: the appreciable westward increase observed in strips
2, 3, and 4 is actually comparable to the difference between
adjacent strips.
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Mean autocorrelation functions for groups between 50°N and 60°N (strip 5).
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Characteristic Spatial Scales for Each Group

L1, L2, Ma), Yy,
Group km km km km
21 63 46 68 (11.1) 245
22 65 48 69 (10.6) 260
23 66 51 73 (9.6) 285
24 67 56 76 (8.7) 315
25 69 6l 80 (7.9) 355
30 58 41 66 (6.3) 240
31 60 48 72 (5.4) 285
32 66 58 79 (4.4) 350
33 68 61 83 (4.0) 390
34 66 59 80 (4.2) 380
35 63 61 79 (4.2) 380
40 52 40 65 (4.2) 255
41 55 44 70 (3.7) 285
42 56 48 71 (3.6) 325
43 60 53 74 (3.3) 350
50 42 32 5740 225
51 42 32 57 4.1) 225
52 46 32 58 (4.0) 215
53 52 36 60 (3.7) 225

5. VALIDATION AND DISCUSSION

Both spectra and scales are significantly different from one
region to another, to validate them, the different sources of
error must now be examined. The results will then be
compared with other similar calculations and with in situ
measurements. They will then be interpreted in terms, of
eddy dynamics by a comparison with models and with
quasi-geostrophic theory.

5.1.  Major Sources of Error

As noted in section 2, altimetric measurements of SLA are
subject to many sources of error. For our mesoscale study,
i.e., for wavelengths shorter than 1500 km, the three major
sources of error are sea state bias, wet tropospheric effects,
and inverse barometer effects. Sea state bias and wet tropo-
spheric errors are, indeed, only partially corrected, while
error due to the barometer effect is not. These atmospheric
effects are assumed to have spatial scales greater than
mesoscale ocean movements but may resemble the ocean
signal at larger scales (i.e., at the end of the mesoscale
spectra). This is precisely where the shapes of the spectra
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Fig. 8a. Evolution of L2 = [§ C(ACO)? dr (C is the SLA
autocovariance function) according to longitude for strips 2, 3, 4,
and 5.
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Fig. 8b. Evolution of internal Rossby radii according to longitude
for strips 2, 3, 4, and 5.

were shown in section 4 to be significantly different from one
region to another.

Sea state bias effects do not appear to be a significant
source of error, since even in areas with large 5 values,
the correction level (after bias and slope adjustments) is, in
our wavelength band, lower than the signal level. Thus the
SLA spectra are well above those corresponding to 2% of
H 5, which is the correction generally used for H,;; effects
in Geosat data. This can be seen in Figure 9 (reproduced
from D. Jourdan, C. Boissier, and J. F. Minster, How
geophysical corrections interfere with oceanic mesoscale
variability as observed by altimetry, submitted to Journal of
Geophysical Research, 1990), where these two spectra,
obtained with an ensemble of Geosat tracks over a 2-month
period in the northeast Atlantic (45°-60°N, 15°35°W), are
compared.

The wet tropospheric error correction, as given in the
GDRs, is more problematic but is also probably below the
ocean signal. This conclusion was also reached by Fur [1983]
for Seasat altimeter measurements. The comparison of oce-
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Fig. 9. Spectra of 2% of H 5, tropospheric, and inverse barom-
cter correction compared to the altimetric signal spectrum in the
northeast Atlantic (reproduced from D. Jourdan, C. Boissier, and J.
F. Minster, How geophysical corrections interfere with oceanic
mesoscale variability as observed by altimetry, submitted to Journal
of Geophysical Research, 1990).
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anic spectra with those of wet tropospheric error obtained
with the available scanning multichannel microwave radiom-
cter (SSMR) data showed, indeed, that oceanic spectra for
both high- and low-energy areas were not significantly
affected for wavelengths shorter than 1000 km. As Geosat
oceanic spectra contain more energy for long wavelengths
than those of Seasat [Fu and Zlotnicki, 1989], they should be
even less affected. Recent results [Jourdan et al., 1990] have
confirmed this hypothesis and shown that in the northeast
Atlantic this correction was also considerably below the
ocean signal for wavelengths shorter than 1500 km. This can
also be seen in Figure 9, which summarizes the results of
Jourdan et al. [1990] as far as water vapor correction is
concerned. In this figure, the water vapor correction spec-
trum has been calculated with 2 months of data from a
high-resolution (=30 km) meteorological model (Peridot
French Météorologie Nationale model) and is well below the
altimetric one. This result should extrapolate well for mid-
latitude regions. Bisagni [1989] reached similar conclusions
for wet tropospheric corrections in the northwest Atlantic.

The inverse barometer effect remains the chief source of
uncertainty because the ocean response to atmospheric
pressure loading is not well understood. However, standard
inverse barometer correction (8. = 9.95 x 1073, —
1013.3), where P, is atmospheric surface pressure) has a
wave number spectrum which is below the mesoscale oce-
anic spectrum (Figure 9). In this figure, &,. values were
obtained with 2 months of atmospheric surface pressure data
derived from the Peridot model. Note that the dry tropo-
spheric effect is the same as the inverse barometer effect, but
for a constant ratio of 0.229 since 8y = 2.277 X 1073(P,, —
1013.3). As far as energy is concerned, this leads to a ratio of
0.05, so that the dry tropospheric effect spectrum would be
well below the inverse barometer spectrum.

We believe that our results are only marginally affected by
atmospheric effects. However, this is a mean error budget,
and local effects cannot be ruled out, particularly for low-
energy areas.

Jonospheric and residual geoid errors must also be con-
sidered; although less important, they do contribute to the
error budget. Ionospheric correction is not thought to be a
major problem, because our study was conducted during a
period of relatively low solar activity, where these effects are
typically small. Thus it was lower than during the Seasat
mission (solar activity was higher in 1978 than in 1987),
where it was already not very significant in the error budget
[Lorell et al., 1982]. However, this effect might explain a
surprising feature of the spectra in strip 4 (Figure 5¢): they all
show a small **hump’ at a wavelength of around 30 km.
Although we do not have a satisfactory explanation for this
feature, it may be related to variations of the subauroral
ionospheric trough, which according to Mendillo and
Chacko [1977] is found between geomagnetic latitudes of 50°
and 65° (in the North Atlantic, this corresponds chiefly to
latitudes of strip 4).

Residual geoid contributions do not seem to be significant
error sources here. Geosat tracks repeat to within 1 km,
which according to Fu [1983] gives a mean spectral level of
the residual geoid considerably lower than that of the oce-
anic variability.
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5.2.  Comparison With Other Similar Calculations
and With in Situ Measurements

Our wave number spectra results are compatible with
those obtained by Fu [1983] from Seasat data. Fu obtained
slopes of —4.5 = 1.5 between 100 and 250 km for the
energetic areas and —1 between 100 and 1000 km for
low-energy areas. Given the short duration of the Seasat
mission (24 days), which did not permit satisfactory obser-
vation of the long wavelengths a priori associated with larger
time scales, these values are not significantly different from
our estimates. Fu and Zlotnicki [1989] compared Geosat and
Seasat spectra over two representative regions of low and
high energy levels and showed that the slopes observed were
the same for wavelengths under 300 km, Seasat providing
only part of the signal for longer wavelengths. De Mey and
Ménard [1989] have found slopes of between -3 and —4 in
the region of POLYMODE (=25°-35°N, 75°-65°W) for Sea-
sat and GEOS 3 data, which also compare well with our
results.

Autocorrelation functions can be compared (and vali-
dated) with past in situ experiments. The altimetric signal is,
indeed, directly comparable to the dynamic height measure-
ments (hd) referenced to a no-motion (or known) level.
However, our calculation of spatial scales from altimetry
takes account of the ocean variability between 60 and 1500
km over a period of approximately 2 years. This is not true
of in situ studies, which are generally limited both spatially
to a few hundred kilometers and temporally to a few months.

During the Mid-Ocean Dynamics Experiment (MODE)
(28°N, 70°W) the first zero crossing of the hd/1500-dbar
correlation function was at around 120 km [McWilliams and
Owens, 1976]. The agreement with our data is very good,
since the first zero crossing of the correlation functions for
groups 35 (70°-60°W, 30°—40°N) and 25 (70°-60°W, 20°-30°N)
is 115 and 130 km, respectively. Furthermore, transverse
geostrophic velocity correlation functions g(r) (9(r) =
{v(x)v(x + r)), where the geostrophic velocity v(x) is normal
to the track and equal to g/f 9SLA(x)/dx) show first zero
crossings of 55 km and 60 km, respectively, for these two
groups (Figure 10). This again compares well with the
MODE and POLYMODE results [McWilliams et al., 1986].
Note that these functions were estimated by an inverse
Fourier transform of ¢*/f2(2mk)*E | (k) after a 100-km filtering
of SLA. The agreement between our results and those of
MODE, despite the differences in samplings, suggests that at
longer wavelengths and for longer periods the mesoscale
ocean signal in this particular area is very weak. This is
consistent with the frequency wave number spectra gener-
ally assumed for mesoscale motions [e.g., Wunsch, 1981].

P. Y. Le Traon and M. Ollitrault (Description of an eddy
west of the Mid Atlantic Ridge, submitted to Jowrnal of
Marine Research, 1990) compared the Geosat results with
those obtained during the Tourbillon experiment [Le Groupe
Tourbillon, 1983] and showed that the observed differences
on the spatial scales can be explained by the different forms
of sampling. For Tourbillon the first zero crossing of the
hd/3000-dbar correlation function was found at around 70 km
[Arhan and Colin de Verdiére, 1985] while the equivalent
Geosat value was 95 km. By filtering out scales greater than
400 km, which were probably not resolved during Tourbillon
given the size of the array (200 km) and the short duration of
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Fig. 10. Transverse geostrophic velocity autocorrelation func-
tions for groups 25 and 35.

the experiment (2 months), the two sets of results became
similar.

These comparisons therefore show that the spatial scales
obtained with Geosat are compatible with in situ measure-
ments, thus validating some of our results.

As noted in section 4, characteristic scales between strip 2
and strip 3 can vary negatively with the internal radii given
by Emery et al. [1984]. This result is interesting and can be
compared with the ratio R = EKE/EPE in this area. Thus for
groups 25 and 35 the mean EPE values obtained from
Dantzler [1977] are around 100 cm? s 2 and 1300 em? s 72,
respectively, for corresponding mean EKE values of 160
em? $77 and 900 cm? 72 (drifters, Plate 2, bottom) or 320
em? s 7% and 1200 cm? s 2 (Geosat, Plate 2, top). The factor
of 2 or more for a comparison of R between these two groups
could explain the smaller scales (with regard to internal radii)
observed for group 25. Similarly, the spatial scales obtained
for strip 5 are larger than simple proportionality with respect
to the internal radii would imply. The first results of the
Athena experiment (53°N, 25°W) seem to confirm our obser-
vations [Boissier et al., 1988].

5.3, Comparison With Theory and Models

The wave number spectra of energetic groups at the
western end of the basin (groups 35, 34, 33, and 43) have
slopes of around —4 from 100 to 300-400 km, according to
latitude. These slopes are close to the values given by the
theory of quasi-geostrophic turbulence [Charney, 1971].
Indeed, where the movements are sufficiently energetic for
dispersion of Rossby waves to be ignored, the theory pre-
dicts kinetic energy spectrum slopes of -3 for scales smaller
than twice the first Rossby internal radius. In isotropic
conditions these kinetic energy slopes of —3 coirespond to
slopes of —5 for altimetric heights [Fu, 1983]. In these
western areas the most likely explanation of the generation
of eddy energy is the instability (baroclinic or barotropic) of
the mean currents. Recent simulations of quasi-geostrophic
turbulence forced by the baroclinic instability of a mean
shear [Hua and Haidvogel, 1986] confirmed Charney’s hy-
potheses. They have also shown that spectral peaks occur at
scales of roughly twice the first internal radius (exactly 7/4 in
their simulations), slightly lower than the barotropic 8 arrest
scale kg [Rhines, 1977}, i.e., the scale at which the disper-
sion of Rossby waves begins to dominate the ocean signal.
Although our results give weaker slopes, their shapes are
close to those obtained by numerical simulation, in terms of
both of the spectral peak and of the behavior beyond the
break where the energy level decreases very fast. Thus
Figure 6b, which gives the kinetic energy spectrum for group
35 calculated from (3), has a peak between 300 and 400 km,
corresponding to approximately twice the wavelength for the
mean internal radius for the group 27 X 32 km [Emery et al.,
1984]). This can also be verified for groups 33 and 34, whose
SLA spectra have a peak between 300 and 400 km (it is easy
to show that kinetic energy and SL.A spectra have the same
spectral peak). However, group 43 has a peak at around 300
km, a larger wavelength relative to the mean internal radius
there (13 km). This could suggest that other dynamical
processes such as wind forcing or bathymetry are active
there.

In lower-energy regions, one of the possible eddy-
generating mechanisms is forcing by fluctuating winds
[Frankignoul and Miiller, 1979; Miiller and Frankignoul,
1981]. These authors used a linear model to study the
quasi-geostrophic response of the ocean to wind forcing and
found energy levels comparable with in situ observations.
They obtained wave number spectra, expressed in relation
to the stream function, with slopes of —3 for the baroclinic
part, while the barotropic part formed by resonant Rossby
waves has a k™% spectrum {[see Miiller and Frankignoul,
1981, Figure 5]. However, these oceanic models are not very
realistic, since they do not accurately reproduce the tempo-
ral scales and the vertical structure of the currents. If
nonlinearities are considered, the ocean signal is different;
the time scales are better reconstructed, but the vertical
structure is not sufficiently intensified at the surface to agree
with in situ data such of those of Tourbillon [Tréguier and
Hua, 1987]. However, if small-scale topography is included
in these wind forcing simulations, the structures are far more
realistic [Tréguier and Hua, 1988]. However realistic these
different wind forcing models may be, they all point to a
higher energy level at larger scales than in the case of forcing
due to instability of a mean current, since the wind forcing
and thus the energy input are mostly at larger scales. Our
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results show this behavior for groups in which the spectra
remain red at longer wavelengths. It is indeed in such regions
(e.g., groups 31, 40, and 41) that the wind effect has been put
forward (the Tourbillon site is in the group 40 area). Altim-
etric spectral peaks are found at larger wavelengths than
those predicted by the Hua and Haidvogel [1986] model, and
this can also reflect a wind forcing effect. The Tréguier and
Hua [1987] simulations have shown, indeed, that the param-
cter which most influences the oceanic response to wind
forcing is the ratio of the largest forced wavelength to the
wavelength of the first baroclinic Rossby radius. Qualita-
tively, our results seem to agree with the Tréguier and Hua
[1987] model. However, our spectral slopes are around —3 in
these low-energy areas, which is weaker than in these
nonlinear simulations.

The well-defined *‘intermediate regime”’ for certain groups
east of the Mid-Atlantic Ridge (see section 3) should perhaps
be related to small-scale topography. Since the ocean floor is
particularly rough cast of the ridge, small-scale topographic
effects should be more significant there. Tréguier and Hua
[1988] have shown that small-scale topography in wind
forcing simulations causes a transfer of energy to small
horizontal scales. It considerably reduces the mean scale of
the barotropic mode and becomes the main source of energy
for the second baroclinic mode. Consequently, the topogra-
phy induces an energy surplus for scales smaller than the
first internal radius.

The spectra of groups 21, 22, and 30 have smaller slopes
and do not show a break in the slope. As they are associated
with very low energy levels, the dynamics are probably in a
more linear regime in opposition to other spectra where
nonlinear interactions seem to dominate the dynamics for
scales smaller than the spectral peaks.

Our results thus point to certain characteristics which are
well represented by the models, at least qualitatively. How-
ever, the altimetric height spectra are whiter than those
derived through modeling. One possible effect is the influ-
ence of the mesoscale variability of the mixed layer induced
by atmospheric forcing. It may indeed be possible to ascribe
part of the surface mesoscale variability to atmospheric
forcing, the rest being induced by the underlying quasi-
geostrophic flow. The relative importance of these two
factors is poorly documented, and studies are under way to
better understand it [e.g., Klein and Hua, 1988]. Thus,
according to the importance of atmospheric forcing, the
altimetric spectra may or may not be directly comparable
with the results of the quasi-geostrophic simulations. The
sea surface variability of the mixed layer is associated with
small scales and fronts which can cause significant depar-
tures from geostrophy. This ageostrophic part of the signal
has a wave number spectrum whiter than the geostrophic
part (B. L. Hua, personal communication, 1989). The rela-
tive influence of this effect will increase for shorter wave-
lengths and could explain the weaker slopes found with
altimetry.

6. CONCLUSIONS

For the first time a systematic study of wave number
spectra and a characterization of spatial scales has béen
done on the scale of an ocean basin. Sea surface height
variability and eddy kinetic energy have been mapped from
2 years of Geosat data. It has also been shown that the
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spatial and temporal sampling of Geosat is well suited to
mesoscale studies. The comparison of eddy kinetic energy
obtained with Geosat data agrees quite well with that ob-
tained with surface drifters. Furthermore, the ratio of sea
surface height variability to geostrophic velocity variability
has revealed interesting features of the spatial scales of
mesoscale motion which have been found to agree with the
wave number and autocorrelation calculations.

Wave number spectra have been characterized by three
different regimes occurring at different wavelength bands: an
“intermediate regime’’ between 50 km and 100-200 km,
sometimes nonexistent, with slopes of around ~1; a band of
wavelengths with red spectra and well-defined slopes, typi-
cally —4 at the western part of the basin and between —2 and
—3 in the other areas; and then a break in the slope occurring
after a peak wavelength. All these features show significant
differences as a function of fatitude and longitude. Spatial
scales, as calculated from autocorrelation functions, typi-
cally decrease from west to east and south to north. Simple
proportionality with respect to the first internal Rossby radii
does not apply everywhere. Although the difference sources
of error on altimetric measurement cannot be ruled out,
particularly for low energy levels, the results are thought to
be globally robust.

The comparison of spatial scales works well with MODE
in situ data. Tourbillon in situ data give smaller spatial
scales, but this can be related to the different forms of
sampling of the oceanic signal. General features of wave
number spectra are consistent with an eddy forcing by
instability of mean currents in the energetic regions and by
fluctuating winds in the fow-energy regions. There are also
some indications of small-scale topographic effects east of
the Mid-Atlantic Ridge. Spectral slopes are, however,
weaker than those of quasi-geostrophy theory and models,
possibly due to nongeostrophic effects. As models become
more realistic in terms of resolution, bathymetry, and wind
forcing, their mesoscale features should be compared with
such data as a test for the energy input and for dissipation.
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