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Small Scale Ocean Dynamics

Instructor: Raffaele Ferrari

Internal gravity waves

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 7.

Group velocity

The group velocity of internal waves can be easily computed using spherical coordi-
nates (κ, θ, φ) sketched in Fig. 7.4 of Pedlosky’s book,
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It is then easy to show that the group velocity is orthogonal to the wave vector,

cg · k = 0.

Internal gravity waves, group velocity and reflection

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 8.
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Figure 1: Radiation of waves from an oscillating source..

Inertia-gravity waves

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 11.

WKB theory for inertia-gravity waves

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 9.

Pedlosky’s notes describe the non-rotating problem for internal gravity waves. The
addition of rotation is trivial and affects only the definition of vertical wavenumber,
which satisfies the dispersion relationship,

m2(z) =
N2(z)− ω2

ω2 − f 2
κ2h.

Internal gravity wave spectrum

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 9, pages 75-79.

Wunsch, Modern Observational Physical Oceanography, Chapter 5.

The GM spectrum is written as a sum of standing mode. Standing modes imply no
vertical propagation of energy consistent with the model assumption that the up-
ward and downward internal wave energy propagation are approximately equal. The
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spectrum is horizontally isotropic as it depends only on the horizontal wavenumber.
The dependence of the spectrum on N(z) is consistent with WKB scaling. In chap-
ter 9 of Pedlosky’s book, we have seen that A(z)m1/2 is approximately constant for
modes whose vertical scale is smaller than the scale over which N(z) varies. (Re-
member that A(z) is the amplitude of the vertical velocity in Pedlosky’s notation.
Hence for these modes we ought to expect that the spectrum of the vertical velocity
and vertical displacement scale with m−1. We know that in the WKB approxima-

tion m ∝ (N2 − ω2)
1/2

or m ∝ N(z) for waves with frequencies above N . The GM
spectrum applies only to waves with ω � N , because it was derived for hydrostatic
waves.

The GM spectrum can be used to calculate the mean-square vertical displacements
and kinetic energy which are in accord with typical observations,
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Topographic radiation of internal waves by mean

flows

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 10.
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Inertia-gravity waves and balanced motions

Pedlosky, Waves in the Ocean and Atmosphere, Chapter 11.
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