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The tropics distinguishes from mid latitudes by dynamics that strongly respond to
the wind forcing through tropical waves propagating zonally, and a large latitude-
dependent deformation radius (Rd). This offers a large wavenumber range for
meso/submesoscales, and Rossby wave interactions.

In the tropics the altimetric slope of the classical 250-70 km mesoscale range is
very flat compared with the mid latitudes (Fig.1). It raises the question of the
mesoscale/submesoscale wavelength range, the dynamical processes at work, the
effect of strong anisotropy that may develop, and of ageostrophic signal such as
internal waves in this low energetic SSH area (Fig. 1).

We address some of these questions by analysing the global 1/12° DRAKKAR
model using 5 day ouputs covering the1993-2001 period, and a 1/36° regional model
of the south west Pacific (Djath et al., 2014) with and without tides and hourly outputs
during a month period.
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Figure 1: Distribution of the spectral slopes
of Sea Surface Height (SSH) wavenumber
spectrum in the wavelength band of 250-70
km estimated from altimetry. From Xu and Fu
(2012). The black box delineates the 1/36°
regional model.

SSH wavenumber spectra for Jason-2 in
20°x20° boxes in the Atlantic Ocean. The red
curve is for the tropics. From Dufau et al.
(2016).

The circulation in the tropical Pacific ocean is characterized by strong zonal currents and a
high EKE level (Fig. 2a). Baroclinic/barotropic instabilities are at the origin of
meso/submesoscale activities (Fig. 2b) associated with Tropical Instabilities Waves and
Vortices (TIW, TIV) but coherent vortices may develop all along the tropics with characteristics
dependent of their latitudes (Marschesiello et al. , 2011; Ubelmann et al., 2011).

In the tropics the 500-700 km Rhines scales (Rh) is smaller than Rd so classical vision of
QG turbulence developed at mid latitudes is inappropriate, It illustrates the interplay of
turbulence with Rossby waves slowing down the energy cascade to Rh (Theiss, 2004, Tulloch et
al., 2009).

Here we address the latitudinal dependence of wavenumber EKE and SSH spectra. We
will analyze zonal spectra from models, and introduce the near meridional “snapshots”
observed like altimetry.

Since the tropical circulation is primarily zonal we calculate zonal wavenumber-
frequency EKE spectra which change drastically within 15° of the equator.

Most of energy in the equatorial band is concentrated in wavelengths larger than
600 km (Fig. 3a). Two isolated peaks appear at 23 day and at 30 day periods
confirming the signature of Tropical Instabilities Waves (Lyman et al., 2007; Farrar et
al. 2008). For the 10S-15S region (Fig3b), discrepancy between the theoretical
dispersion curves of Rossby waves and maximum energy pattern appear at
wavelengths smaller than 400 km and period less than 60 day revealing increasing
eddy activities at this scales.

The corresponding zonal wavenumber spectra (Fig. 3c) confirm that at long
wavelengths the equatorial band is more energetic than the off equatorial band. But
from 600 km wavelength the equatorial energy decays more steeply. In the equatorial
band, direct interaction between Rossby waves and geostrophic turbulence occurs at
the Rhines scale, and energy is transferred through weakly nonlinear Rossby waves
interactions. Off the equator, the enstrophy spectrum (Fig. 3d) defines an inertial
range centered around 200 km where energy could be transferred between length-
scales before generating Rossby waves.

Figure 3: Zonal wavenumber-frequency EKE spectra for a)
the equatorial band (2°N-2°S),and b) the tropical band (10°S-
15°S) in log-log scale (unit in cm2s-2/cpdeg/days). c) the
corresponding zonal wavenumber EKE spectra(unit in cm2s-

2/cpdeg). The blue box delineates the 500-700 km Rhines
scale. For references the k-2 and k-3 curves are plotted. d) the
corresponding enstropy spectrum for the tropical band. The
dash lines are for the classical 250-70 km mesoscale range.
The blue line is for the inertial range.

In the tropics the degree of anisotropy increases towards to the equator (Theiss, 2004).
Here, we test the signature of such anisotropy on the wavenumber EKE and SSH spectra in
10°x10°boxes centered at the equator and at 10S (see Fig.2 for box locations).

At the equator, anisotropy is characterized by meridional wavenumber spectra larger than
the zonal one, with a flatter slope at scales shorter than 100 km that define the shape of 2D
spectra (Fig. 4a).

Off the equator, the zonal, meridional and 2D wavenumber spectra follow the same power
law consistent with an isotropic geostrophic turbulence. Note that the geostrophic velocity
spectra has a flatter slope and is more energetic than the velocity spectra (Fig. 4b), similar to
Wang et al. (2010) for the Gulf Stream using ADCP vs altimetry.

The shape of the spectra exhibits a large variety in the meso/submesoscale range (20-
500 km wavelenghts). In the classical 250-70 km mesoscale range the shape of the spectra
breaks down. It means that this range is not well suited to characterize the tropical mesoscale
but it cannot explain the discrepancy between model and altimetry. In the following, we test
some clues for the flatter altimetric spectra.

In the tropics, the mesoscale/submesoscale range extends up to 500-700 km
wavelength. The equatorial and off equatorial bands present a large variety of spectral
signature. In the equatorial band, energy cascades steeply whereas off the equator an
inertia range around 200 km wavelength exists. 5-day model averages are missing
some rapid inertial-gravity waves at the equator, and part of the tropical energy
cascade at smaller wavelengths may be hidden by these higher-frequency processes.

The 5-day 1/12° model averages spectra are much steeper than the altimetric
results, with k-3.5 / k-5.5 SSH slopes. The hourly 1/36° model shows shallower spectra
up to 400 km in the South West Pacific that illustrates the impact of wind-forced
internal waves. Adding tides in the model greatly modifies the shape of the spectra with
a k-2 slope consistent with altimetry in this area.

5. High frequency « Altimetric » SSH spectra

Since altimetry is a “snapshot” of the SSH including internal
waves, 1/12°model outputs averaged over 5 days are not well
suited to compare with altimetry. So, the 1/36° regional model
including hourly outputs & tides is used. Meridional SSH
wavenumber spectra are computed at 163E (Fig. 5).

Compared to the 1/12° model the 1/36°model is more
energetic for wavelengths shorter than 300 km.

Using 5 day outputs, the two models exhibit a similar k-5 slope
(250-70 km wavelength range).

Using hourly outputs, the SSH spectrum flattens for
wavelength below 70 km. This is the signature of high
frequency motions that project onto small scales.

The model including barotropic and baroclinic tides is more
energetic and exhibits a k-1 slope for the “mesoscale” range
consistent with altimetry in this area (Fig.1).
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Figure 2: a) Mean EKE for the 1/12° DRAKKAR model (shading, unit in cm2/s2 in log scale). Superimposed is the mean circulation
at 50m depth with the South Equatorial Current (SEC), the North Equatorial Counter Current (NECC), and the Equatorial Under
Current (EUC). The white boxes and section at 163°E illustrate the place for the wavenumber spectra discussed in this poster. b) A
snapshot of high pass filtered (600 km) SSH from the 1/12° DRAKKAR model illustrating mesoscle features in the tropics (unit in cm).

b)

Figure 4: a) Zonal (ZN), meridional (MD) and 2D EKE spectra in the equatorial box, b) Same as in a) for the off equatorial box. In
addition is the geostrophic velocity spectrum. For references the k-2 and k-3 EKE curves and the corrresponding k-4 and k-5 SSH
curves are plotted.

Figure 5: meridional SSH spectra at
163E for the 1/36° hourly data with tides
(blue), without tides (green), 5 day
averaged (Cyan). In red the spectrun for
the 1/12° 5 day averaged data. For
references the k-2 and k-5 curves are
plotted
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