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Introduction
Historical current meter records have been analyzed to test predictions of the role of

Parametric Sub-harmonic Instability (PSI) in re-distributing semi-diurnal internal tide energy
to other frequency bands. The internal tides were dismissed decades ago [6] as un-important
sources for the broad spectrum of internal waves in the oceans due to the expected slow action
of nonlinear interactions such as PSI. MacKinnon and Winters [4] [5] [3] have demonstrated
with a high-resolution numerical model that PSI may actually act quickly on the semi-diurnal
tides. Especially, they predict that PSI should drive a very energetic sub-harmonic of the
M2 internal tide in the vicinity of the critical latitude of that frequency ( 28.9 degrees north
or south for the frequency equal to one-half of M2’s frequency, hereafter referred to as the
M2/2 frequency). Simmons [2], using a global internal tide generation model, finds that the
energetic M2 sub-harmonic created by PSI may actually have a strong zonal dependence along
the critical latitudes due to zonal variations of the amplitude and structure of the M2 internal
tide along the critical latitudes.

We have examined 63 historical current meter records dating back to 1974 that were
collected in the latitude band 26.53 to 29.04 north or south of the equator. The records are
from 21 distinct geographic locations and consist of over 64.5 years of data. In conjunction
with the analysis of available near-critical latitude records, we have examined the latitudinal
dependence of near inertial energy in the Western Pacific over a latitude range of 26.5N to
42N using over 200 records.

Our findings are as follows:

•The data do not support the prediction of a strong PSI-induced M2 sub-harmonic at its
critical latitude or any other latitude; however, the data distribution is not ideal relative to
Simmons’ [2] prediction of zonal variation of the phenomenon.

•At the very least, the data illuminate the difficulties that will be encountered in attempting
to observe the PSI-generated M2 sub-harmonic, e.g., discrimination of PSI-induced vari-
ability from diurnal tides and wind-generated inertial waves will be problematic with short
(less than 6 months) data records. Observational strategies to mitigate these difficulties are
noted.
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Figure 1: Rotary Power Spectral Density (PSD) estimated from the datasets considered in this
study rarely show specific peaks at the PSI sub-harmonic frequency of M2/2. In this figure we have
averaged nine spectra from current records from depths of 444 to 574 meters and at latitudes from
27.2 to 28.2 degrees north. Each record was 9 months long. There is no distinguishing peak at M2/2.
Additionally, no peak in the near inertial band significantly exceeds the M2 tidal peak amplitude, as
was anticipated from MacKinnon and Winters’ [5] [3] prediction.
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Figure 2: Since near-inertial waves have very small vertical displacements, the presence of
tidally forced oscillations at M2/2 (slightly above the inertial frequency) may be more distinguishable
from the slightly lower frequency, wind-generated, near-inertial waves in temperature PSD than in
current PSD. However, examination of temperature PSD from the previously mentioned datasets
revealed no significant peaks at the M2/2 frequency. Here we present an average of temperature PSD
from nine records with depths near 500m (from the same instruments that provided the currents used
in Fig. 1). There is no specific peak at the expected M2/2 frequency.
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Figure 3: In this figure the PSD in a very narrow bandwidth centered on the M2/2 frequency is
compared with the broad band inertial PSD that has the M2/2 PSD removed. The records used here
are restricted to be in the latitude band 26.53 to 29.04 north or south of the equator. The currents
have been appropriately normalized (WKB analysis) with the local buoyancy frequency (WOA ’02).
Records below 1000 m are indicated with black symbols, and records above 1000 m are indicated in
red. Forward and backward linear regression fits are plotted as light dotted lines. Notice that there
is a very close relationship, indicating a lack of non-inertial wave motions such as might result from
a PSI mechanism working on the semi-diurnal tides.
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Figure 4: As a result of the preceding figure, which shows a direct relationship between the
narrow-band M2/2 PSD and that of the broad inertial band, a comparison between the semidiurnal
tide PSD and the broad-band inertial PSD is relevant. Again, only records in the latitude band 26.53
to 29.04 north or south of the equator are used; records below 1000 m are indicated with black symbols
and those above 1000 m are red; and, all currents have been appropriately normalized (WKB scaling)
with the local buoyancy frequency (WOA ’02). We observe that the deep ocean records have rather
similar inertial PSD regardless of the tidal energy, which is an expected result if PSI is not acting to
transfer energy from the internal tides to the near-inertial M2/2 frequency. The upper ocean records
show higher variability of inertial PSD, but still no obvious relationship between tidal and inertial
PSD.
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Figure 5: One way to assess whether internal tides have an impact on the energy at the M2/2
frequency at that frequency’s critical latitude is to examine the latitude dependence of the inertial
wave energy. If the PSI mechanism is strong, there should be PSI-generated energy in the inertial
band at the critical latitude, but no contribution from PSI to inertial energy at other latitudes. Hence,
one might expect a maximum in inertial energy at the critical latitude for M2/2. We have examined
the broad band inertial peak across a latitude band of 26.5N to 42N in the Western Pacific, including
some of the moorings evaluated for the preceding figures that dealt with spectral characteristics near
the M2/2 critical latitude. Over 200 records in the longitude range indicated in the map of the West-
ern Pacific were filtered for a broad bandwidth inertisl PSD and plotted against latitude. The arrays
are from four separate experiments: WOCE PCM5 (red), WESTPAC (green), Kuroshio Extension
Study (blue), and Zonal Exploration Array (also blue). A theoretical inertial PSD is indicated with
black x’s based on a Laplace Tidal Equation solution including a latitudinally dependant Airy scale for
the critical latitudes and GM75 vertical modenumber statistics [1]. The theoretical peak distribution

has a shallow well near 33 degrees, and the data is not inconsistent with that. Certainly, the critical
latitude for M2/2 (28.9 deg.) does not stand out as having unusually high inertial PSD, contrary to
the expectation if PSI was transforming internal tide energy to its sub-harmonic frequency, M2/2.

Figure 6: Locations of moorings included in this study. Black crosses represent records near
the critical latitude for PSI. Colored markers corespond to records used in the PSD vs Latitude Fig.
5.

Summary and Caveats
From the lack of specific evidence of PSI in the historical data records included in this

study, we can draw a few inferences as to the nature of the mechanism and possible methods to
identify it. Regarding the possible influence of specific zonal distributions of enhanced semidi-
urnal tidal energy [2], this study simply may not have enough records within such an enhanced
region. By Simmons’ model results, the WOCE PCM5 data included in this study should
have been in an enhanced M2 region. Yet, our analysis of this record is entirely consistent
with the results from the other data in showing no specific PSI indicators.

Another poor characteristic of the historical records is the lack of vertical resolution.
Without the ability to calculate vertical sheer, we may have missed an opportunity to identify
the occurrence of PSI-induced oscillations. But, it is not known whether the PSI-induced
oscillations will have such great shear (due perhaps to very short vertical wavelengths) as to
be distinguishable from the near-inertial waves which tend to have strong vertical shear.

The observational problem is exacerbated by the possibility of multiple processes transfer-
ring energy within the near inertial band, and between the inertial band and other frequencies.
PSI could be active, yet the resulting near inertial waves (near the critical frequency) may
have their energy quickly transferred to other waves.

Given the caveats above, an observational program searching for evidence of the PSI re-
distribution of semi-diurnal internal tide energy might benefit from the following suggestions:

• locate the experiment where strong semidiurnal internal tide ’beams’ cross the critical lati-
tude

• observe the currents with high vertical resolution

• capture coherent records over a sufficient period of time to isolate specific near inertial con-
tributors, e.g., wind-generated near-inertial waves and diurnal tides, as well as oscillations
at the M2/2 frequency
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