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ABSTRACT: Internal waves propagate on the ocean stratification and carry energy and momentum through the ocean interior. The two
most significant sources of these waves in the ocean are surface winds and oscillatory tidal flow across topography. We propose a hybrid of
these two mechanisms, in which wind induced oscillations of sea surface and isopycnal heights are rapidly communicated to the seafloor
via hydrostatic pressure. In the presence of topography, the resulting oscillatory bottom velocity may then generate internal waves in a
similar manner to the barotropic tide. We investigate this mechanism in an idealised numerical isopycnal model of a storm passing over a
mid ocean ridge, and perform several perturbation experiments in which ocean and wind properties are varied. Bottom-generated internal
waves are identified propagating away from the ridge in the wake of the storm. Estimates of the total wave energy suggest that in the right
circumstances these waves could be a significant source of internal wave energy, with a local wind work to wave energy conversion rate of
up to 50% of the corresponding conversion to surface generated near-inertial waves in our domain. Our results suggest a need for further
investigation in less idealised scenarios to more precisely quantity this novel mechanism of deep ocean wave generation, and how it may
affect abyssal mixing.

SIGNIFICANCE STATEMENT: The ocean is strati-
fied: denser waters are in the ocean abyss and lighter waters
closer to the surface. How and where heat and salt mix
across waters of different densities is important as this sets
up the global ocean circulations and transport of heat from
the tropics to the poles. This ocean mixing is influenced
greatly by the winds and tides that churn up the ocean and
generate internal waves. These waves that propagate in
the interior of the ocean rather than just at the the surface,
and are made possible by the ocean’s stratification. These
waves are very difficult to observe and so our understanding
of their generation, propagation and breaking is an active
field of research. Here, we demonstrate the existence of a
new type of internal wave that is generated by storm sys-
tems blowing above submerged features on the seafloor.
We found that under the right circumstances, these waves
could be up to ∼ 50% as strong as another type of internal
wave which is known to be a large contributor to mixing.
We argue that these novel internal waves are worthy of
further study to better understand how they might fit into
the ocean mixing picture.

1. Introduction

Internal waves (IWs), which manifest as vertical oscilla-
tions in astratified fluid, permeate the world’s oceans. IWs
are important to the fields of physical oceanography and
climate science more broadly due to their significant con-
tribution to ocean mixing and momentum transfer (Melet
et al. 2013; Shakespeare and Hogg 2019). Global estimates
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of the energy contained by the internal wave field are sup-
ported by sparse in-situ observations and satellite altimetry
(Whalen et al. 2018; Zhao et al. 2016). However, capturing
the spatial variability of internal waves, and in turn their
contribution to local episodic mixing, remains an ongoing
challenge in oceanography, particularly in the deep ocean
where observations are especially sparse. A further com-
plication is that many types of internal wave can contribute
both to the local mixing at the generation site, but also can
carry their energy great distances to enhance mixing in
remote locations (Waterhouse et al. 2014).

Ocean models can provide insights where observations
are lacking, and accurately capturing internal wave induced
mixing in numerical models is a large area of study. Some
approaches to this problem such as Laurent and Garrett
(2002) and Lavergne et al. (2020) construct spatially vary-
ing maps of the wave field by parameterising different
wave generation mechanisms. This method has shown
promise in matching observations where they are avail-
able (Lavergne et al. 2020), but an unavoidable source of
error in such approaches comes from any processes that
are omitted. By estimating the importance of this missing
physics, we can increase our understanding of how well
wave-induced mixing is represented in numerical models.

The bulk of internal waves begin their life-cycle at the
boundary of the ocean – either at the surface generated
via winds (Thomas and Zhai 2022), or near the bottom as
a result of flow over topography (Musgrave et al. 2022).
Inertial oscillations at the surface are readily excited by the
wind, which in turn generate near-inertial waves that can
propagate downwards, beyond the mixed layer (D’Asaro
1985). These waves are most prominent in areas of highly
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variable winds and in the wake of individual storm sys-
tems, and can propagate thousands of kilometers hori-
zontally away from their generation site (Alford 2003).
These surface-generated waves also propagate vertically,
typically reaching the seafloor weeks after their generation
(Kunze and Sanford 1984; Ma et al. 2022) where they may
scatter, dissipate or reflect depending on the local topogra-
phy (Igeta et al. 2009).

Topography also plays a key role in the generation of
internal waves. When non-wave flows interact with topog-
raphy they lead to vertical motions, and thereby radiate
internal waves due to the restoring effect of the stratifi-
cation. Examples of such interactions principally include
the barotropic tide (Bell 1975), as well as geostrophic cur-
rents (Nikurashin and Ferrari 2011). These two processes
together contribute a similar amount of energy to the inter-
nal wave field as the surface-generated near-inertial waves
(Wunsch 1998; Egbert and Ray 2000).

There is an indirect connection between wind-generated
and topographically-generated internal waves. Wind forc-
ing energises mean and transient geostrophic currents
(Wunsch 1998), which in turn shed energy at the ocean
bottom via topographic lee waves (Nikurashin and Fer-
rari 2010). Nikurashin and Ferrari (2011) estimated that
20% of energy input to geostrophic flows through synoptic
scale wind forcing was converted to lee wave generation.
However, this estimate does not consider how a transient
bottom velocity, induced by storms or other shorter time-
scale weather patterns, might influence wave generation
and mixing at the seafloor. A recent observational study
by van Haren (2020) found evidence for enhanced mix-
ing in the depths of the Mariana Trench coinciding with
the passage of a cyclone overhead. A mooring detected
patterns in the stratification similar to that of breaking in-
ternal waves within hours of the arrival of the storm. The
rapid timescale and close proximity of the mixing to the
storm suggest that dissipation of downwards propagating
near-inertial waves are unlikely to account for observa-
tions, leaving the mechanism as an open question. Fur-
thermore, Waterhouse et al. (2022) used global lowered
acoustic doppler current profiler observations to identify
geographic regions where upgoing rotary shear exceeded
downgoing in the bottom 1000 m of the ocean. Rotary
shear is usually dominated by near-inertial internal waves,
and these results thus suggest the presence of additional
sources of bottom generated near-inertial waves in these
regions.

In this work, we investigate internal waves that are gen-
erated by a mechanism that can be thought of as a com-
bination of the two main generation mechanisms: near-
inertial waves from surface winds and internal tides from
barotropic flow over topography. We demonstrate that
wind-driven oscillations at the ocean’s surface, close to
the inertial frequency, can generate secondary, upwards-
propagating internal waves at the bottom topography, in

addition to the regular downward-propagating near-inertial
waves. The proposed mechanism is as follows. When
the wind-driven oscillations imprint on sea surface height,
there is a rapid change in hydrostatic pressure at the ocean
bottom, faster than the timescale at which internal isopy-
cnal surfaces can adjust (Stewart et al. 2021). The result
is the generation of an oscillatory bottom flow forced by
the changes to hydrostatic pressure. In the presence of to-
pography, this oscillatory flow may then generate internal
waves in a similar fashion to the barotropic tide (Bell 1975).
In the ocean, we expect these waves to be present in the
wake of a storm. Given that storms convert large amounts
of wind energy into inertial oscillations and in turn near-
inertial waves (Sanford et al. 2011; Whalen et al. 2018), the
coincidence of a storm directly above topographic features
would provide the most pronounced generation. The hy-
pothesised “topographic near-inertial waves” (as we refer
to them hereafter) have, to our knowledge, not been stud-
ied before and thus it is unknown whether they constitute
a significant contribution to the ocean internal wave field.

The next section outlines the model setup, as well as the
method we used for separating the waves of interest from
the rest of the flow. Then, the results section 3 includes
a qualitative demonstration of these bottom near-inertial
waves, followed by a quantitative analysis of the wave en-
ergy for various perturbation experiments. Finally, we
conclude in section 4 by arguing that the results suggest
wave generation significant enough to warrant further study
using both observations and realistic ocean model config-
urations.

2. Methods

To study topographic near-inertial wave generation
mechanism, we design an idealised numerical experiment
as shown in Figure 1. The Modular Ocean Model version
6 (MOM6; Adcroft et al. (2019)) is run in an isopycnal
configuration with 5 layers at 2 km horizontal resolution,
4000 m deep water and 4000 km by 4000 km horizontal
extent. The eastern and western boundaries are re-entrant
to allow zonal symmetry, and radiative open boundary
conditions as described by Orlanski (1976) are utilised
at the northern and southern boundaries to reduce spuri-
ous reflections. The model is initialised from rest with
equally spaced isopycnal heights and with a linear strat-
ification. For our control experiment, a Coriolis param-
eter 𝑓 = −10−4 s−1 mimics the southern mid-latitudes, a
constant buoyancy frequency of 𝑁 = 20 𝑓 , and a 500 m
tall Gaussian ridge with half-width 12.5 km, meridionally
symmetric ridge running north to south through the domain
is placed in the centre.
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Fig. 1: A schematic of the model configuration, including
the isopycnal displacements associated with both the sur-
face and bottom generated near-inertial wave responses.
Note that the vertical scales of the waves have been ex-
aggerated, and that two layers are shown separately for
illustrative purposes, having been filtered using the zonal
symmetry of the surface near-inertial wave response. The
zonal and meridional centre lines as referred to in the text
are denoted by 𝑥0 and 𝑦0 respectively.

The model is forced only by a zonally symmetric 12-
hour pulse of zonal wind stress given by

𝜏(𝑦, 𝑡) =


𝜏0 sin2

(
4𝜋𝑦
𝐿𝜏

)
0 ≤ 𝑡 ≤ 𝑇𝜏

2 ,

−𝜏0 sin2
(

4𝜋𝑦
𝐿𝜏

)
𝑇𝜏
2 < 𝑡 ≤ 𝑇𝜏 ,

0 𝑇𝜏 < 𝑡,

(1)

where 𝜏0 is the peak wind stress, 𝐿𝜏 the meridional extent
of the wind stress, and 𝑇𝜏 the forcing duration. This pulse
has a spatial pattern that is centred on the middle of the
domain and is a squared sinusoid in the meridional direc-
tion with 𝐿𝜏 = 300 km width. The magnitude, size, and
duration of the pulse were designed to simulate the passing
of a storm system overhead, and to minimise the induced
mean flow in order to simplify analysis.

A challenge in studying topographic near-inertial waves
is that, even in a highly idealised domain, the waves exist in
the presence of other near-inertial oscillations. To simplify
the separation of topographic waves from non-propagating
inertial oscillations, surface generated near-inertial waves
and their corresponding topographic scatter, the experi-
ment was designed with a high degree of symmetry. The
wind pulse is zonally symmetric, so that any surface gener-
ated near-inertial waves will propagate meridionally. This
implies zonally propagating waves are a result of interac-
tions with the topography, and so this zonal component
would contain the waves of interest. (Note that since this

experiment is conducted on an 𝑓 -plane, wind generated
near-inertial waves propagate both north and south, as op-
posed to on a 𝛽-plane where they would propagate equa-
torward only.)

Even with this simplification, these zonally propagating
waves are still superimposed on the aforementioned back-
ground oscillations. However, along the centre line of the
domain denoted by 𝑥0 in Figure 1, there is a node in the
isopycnal height displacements of the surface-generated
near-inertial waves (as shown in Figure 1), eliminating
the need to account for extraneous deviations to isopycnal
heights.

In order to calculate the total energy of topographic
near-inertial waves, longitude-depth transects of velocity,
𝑢𝑖 , and isopycnal displacements, 𝜂′

𝑖
, are taken along this

centre line, where the subscript 𝑖 denotes the 𝑖-th layer
counting from the top. We take the Fourier transform
in zonal wavenumber 𝑘 and frequency, 𝜔, and then filter
out sub-inertial frequencies and zero wavenumber signals.
This procedure ensures that the filtered �̂� and 𝜂′ contain
neither components of the mean flow, nor that of non-wave
barotropic, 𝑥-uniform inertial oscillations that exist in the
absence of topography. Here, hats denote discrete Fourier
transforms. By employing Parseval’s theorem, the total
wave energy along this 2D slice 𝐸𝐵 averaged in time can
be expressed in phase space via,

𝐸𝐵 =
𝜌0

2Δ𝑇

∞∬
−∞

𝑛∑︁
𝑖=1

(
𝑔′ |𝜂′

𝑖
|2 +𝐻𝑖 |𝑢𝑖 |2

)
d𝜔d𝑘, (2)

where Δ𝑇 is the experiment run time, 𝐻𝑖 is the equilibrium
layer thickness, 𝜌0 the reference density, 𝑔′ the reduced
gravity corresponding to our linear stratification profile, 𝑛
the total number of layers.

It is helpful to provide context for the wave energy of
our idealised experiment by comparing it to metrics well
understood in the real ocean, namely the wind work and
energy conversion to surface generated near-inertial waves.
The wind work directly over the Gaussian ridge (defined
as two standard deviations either side of the ridge’s centre)
is used to compare the conversion rate of wind work to
bottom near-inertial waves.

Due to the geometry of the experiment, the surface gen-
erated near-inertial wave energy cannot be directly com-
pared to that of the bottom generated, as the waves exist in
different areas of the domain and thus experience different
amounts of wind forcing. To isolate the surface generated
near-inertial waves, we use a latitude-depth slice far from
the topography and perform analysis in the same manner to
the topographic near-inertial waves. The total wave energy
along this 2D slice 𝐸𝐵 is then calculated using a meridional
version of equation (2) along with the corresponding wind
work.
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3. Results

a. Qualitative wave filtering

In order to qualitatively check for the existence of topo-
graphic near-inertial waves, the zonal velocity and isopyc-
nal displacements along the centre-line of the domain are
calculated. Although the isopycnal displacements need no
processing, the horizontal velocity field contains the wind
generated inertial oscillations present throughout the do-
main. The zonal velocity was first processed by subtracting
the zonal mean and taking a super-inertial high-pass filter
to remove any mean flow imparted by the wind pulse. Fig-
ure 2 shows a zonal transect along the centre-line of the
domain, with the processed horizontal velocity and ex-
aggerated isopycnal displacements at four points in time
separated by fractions of the 17 hour inertial period. Dur-
ing the period of wind forcing, beams of internal waves can
be seen propagating away from the topography (Fig. 2a); as
time proceeds the beams reflect from the surface (Fig. 2b)
and propagates back into the domain (Fig. 2c,d). Changes
to the phase at the time snapshots show that the frequency
is slightly higher than inertial, consistent with topographic
near-inertial waves.

By assessing the properties of the waves, we attain fur-
ther evidence of internal wave generation. Figure 3a shows
a Hovmöller diagram of the isopycnal displacement of the
second layer below the surface along the centre-line of the
domain. Eastward and westward propagating wave sig-
nals, including several superimposed vertical modes, can
be seen fanning out from the topography. The correspond-
ing power spectrum of the isopycnal displacement is de-
picted in Fig. 3b together with the vertical modes expected
from the hydrostatic dispersion relation,

𝜔2 = 𝑓 2 +𝑁2 𝑘2

𝑚2 , (3)

where 𝑘 is the zonal and 𝑚 the vertical wavenumbers.
Note that in (3) the meridional wavenumber ℓ is omitted
from the numerator as we assume that 𝑘2 ≫ ℓ2 due to the
width of the hill being ∼ 30 times smaller than that of the
meridional wind band. This approximation introduces a
small amount of error and may explain the discrepancy
between the overlaid vertical modes and the numerical
data in Figure 3b. The qualitative similarity between the
calculated vertical modes from the dispersion relation (3)
and the peaks in the power spectrum provides conclusive
evidence that the waves shown in Fig. 3a are internal waves.

Other well-understood internal wave-generation mecha-
nisms can be ruled out as having caused the waves shown
in Figure 3. Firstly, consider topographic lee waves ex-
cited by a mean flow. Although there is a westwards mean
flow imparted by the wind pulse, it is too small to meet
the 𝑓 < 𝑘𝑈0 condition required to support topographic lee
waves. This inference is further supported by the east-west

symmetry in the wave field visible in Figure 3a, ruling
out topographic lee waves from a mean flow. Secondly,
bottom internal waves appear immediately after the wind
pulse is initialised. This rapid response precludes the scat-
ter of surface near-inertial waves as an explanation for the
signal, as such a mechanism would result in a time lag of
(at least) days for the surface-generated waves to reach the
bottom (Ma et al. 2022). Given the lack of tides, insta-
bilities and nonlinear dynamics in this experiment, other
established mechanisms are not able to explain these up-
wards propagating waves either. We thus infer that the
only plausible mechanism to generate the waves seen in
figures 2 and 3 is the topographic near-inertial mechanism
outlined in section 1.

b. Conversion of wind work to wave energy

Having established the existence of topographic near-
inertial waves in our configuration, we now proceed to
calculate the conversion rate of wind work to wave energy
as described in section 2. As shown in Table 1, the surface
near-inertial waves account for 50% of the incident wind
work compared to 3% for the topographically generated
waves. Considering that the former are a major component
of the internal wave field, a source of internal waves with
∼ 10% the strength is a significant result.

Since the idealised experiment exaggerates the energy
conversion for surface near-inertial waves compared to the
12-20% expected from Alford (2020), comparing gener-
ation of the two types of near-inertial waves is arguably
a more useful metric than the total conversion rate. Ac-
cording to our results, the topographic near-inertial waves
represent an energy pathway 10% as large as the surface
near-inertial waves, which suggests that these waves could
pose a significant source of additional wave generation in
the deep ocean.

c. Perturbation experiments

We run experiments by varying the wind pulse, topog-
raphy shape and stratification to assess which factors the
energy conversion rate, as well as the total wave energy
are most sensitive to. It is clear that each of the variables
tested alters energy of the topographic near-inertial waves
by one or more order of magnitude (solid black lines, Fig-
ure 4). However, the behaviour of the conversion rate (solid
blue lines) is markedly different to the total wave energy
when varying some parameters. For instance, increas-
ing the forcing strength elevates the energy of topographic
near-inertial waves by 4 orders of magnitude (Figure 4a),
but has no impact on the conversion rate. By considering
both of these metrics, more can be determined about the
underlying wave generation mechanism.

Firstly, the wind forcing was altered, modifying its
strength, meridional width and duration (Fig. 4a-c). Con-
sidering the forcing strength perturbation shown in Fig. 4a,
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Fig. 2: Zonal transect showing zonal velocity and exaggerated isopycnal displacements from numerical simulation
at four different time snapshots. Velocity values have had their zonal mean removed, and the isopycnal heights are
exaggerated by a factor of 1000.

Table 1: Wind energy conversion rates for default experiment.

Wind work (kJ) Wave energy (kJ) Conversion rate
Topographic (zonal) NIWs 105 3× 104 3%
Wind (meridional) NIWs 105 5× 106 50%

we observe an increase in both surface and topographic
near-inertial wave generation (black lines), whilst the en-
ergy conversion rate remains steady (blue lines). Fitting
the bottom near-inertial wave energy curve to a quadratic
curve, we find a correlation coefficient of 0.99. Thus we
conclude that the wave energy is proportional to the square
of the wind stress purturbation.

When altering the duration of the wind forcing pulse
(Fig. 4b), a maximum appears around 12 hours, corre-
sponding to a frequency 40% faster than the Coriolis fre-
quency. Aside from the ‘strength’ experiment, the wind
stress pattern is modulated to ensure that the integrated
wind stress amplitude remained constant. Generally, wind
driven responses are greatest at the resonant inertial fre-

quency, but internal wave generation is only supported at
super-inertial frequencies. The wave energy flux increases
with frequency, while the non-wave response decreases,
meaning that we expect a peak in the bottom near-inertial
wave generation at a frequency greater than 𝑓 , consistent
with our results.

In order to assess the importance of the spatial scale of
the wind on the bottom velocity response, the meridional
extent of the forcing profile was modified. In Fig. 4c, the
surface near-inertial generation grows monotonically with
width, while the topographic near-inertial generation peaks
at ∼200 km width. Aside from the ridge, the wind profile
is the only source of spatial inhomogeneity in the domain.
The wind stress is communicated to the interior through
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Fig. 3: a) Hovmöller diagram of the isopycnal displacement in the second layer at the centre line b) Corresponding
power spectrum showing the theoretical locations of the vertical modes 1 to 3 (dashed black lines) and inertial frequency
(green line).

spatial gradients that drive convergence and divergence of
the surface layer flow, creating gradients in the hydrostatic
pressure. Thus, in the extreme case of a spatially uniform
wind profile, we expect that there would be no mechanism
to generate the bottom flow necessary to support the to-
pographic near-inertial waves. The modest reduction in
wave energy with increasing forcing width is consistent
with this expectation. However, this result implies is that
storms must consist of a wind profile that appears homoge-
nous for spatial scales larger than 1000 km before local
homogeneity becomes important enough to suppress wave
generation, which would not occur outside of an idealised
setting. Our results thus suggest that wave generation is
greatest for storms larger than 200 km.

The second series of tests conducted relate to the shape
of the topography (Fig. 4d,e). As the ridge height in-
creases, the energy conversion rate increases quadratically
(with correlation coefficient 0.95) up to 24% for the 800
m ridge (solid blue line in Fig. 4d). As expected, the sur-
face generation of near-inertial waves is independent of the
ridge height.

The width of the ridge (Fig. 4e) also corresponds to
increasing topographic wave generation, but to a lesser
extent. Although the overall wave energy increases with
increasing width, the conversion rate decreases due to the
larger area over which the incident wind work is integrated
as described in section 2. This means that while the to-
tal wave energy increases, the energy conversion per unit
area decreases. This result is likely due to the less steep
topographic slope being less efficient at generating waves.

Finally, alterations to stratification also have a signifi-
cant impact on topographic wave generation. Wave energy
vanishes as expected for low levels of stratification where

internal waves are no longer supported, and increases lin-
early (correlation coefficient 0.97) up to doubled stratifica-
tion in Figure 4f. Caution should be taken in interpreting
the results for weak stratification (𝑁 ∼ 𝑓 ), since the hydro-
static assumption used by the numerical model is no longer
a valid description for internal waves.

Due to the similarities between the generation of topo-
graphic near-inertial waves and other internal waves gen-
erated by an oscillating background flow, existing theory
for other topographically generated waves can be applied
in interpreting our results. The conversion rate 𝐶 of en-
ergy from an oscillatory flow of amplitude 𝑈0 to buoy-
ancy frequency 𝑁 , topography height ℎ, and horizontal
wavenumber 𝑘 , are related by (Legg 2021):

𝐶 =
1
4
𝜌0𝑈

2
0ℎ

2𝑁𝑘, (4)

where 𝜌0 is the reference density. Although topograph-
ically generated near-inertial waves differ from the lee
waves of Legg (2021) in that the oscillatory flow is ex-
cited by winds, Eq. (4) holds for our study to leading order
if 𝑈0 refers instead to the characteristic amplitude of the
wind-induced velocity.

While we have not varied 𝑈0 directly, in a linear regime
the magnitude of the velocity response is proportional to
the surface stress, so in turn |u|2 ∼ |τ |2, consistent with the
quadratic relationship between 𝜏0 and both topographic and
surface wave energy in Figure 4a. Similarly, we find that
the topographic near-inertial wave energy scales quadrat-
ically with ridge height, as does buoyancy frequency lin-
early. In Eq. (4), the horizontal wavenumber is set by that
of the sinusoidal topography used in their study. Equa-
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Fig. 4: Perturbation experiments in which the following are varied: a) Peak forcing strength; b) Duration of the wind
forcing pulse shown in equation (1) with the Coriolis period 𝑓𝑝 labelled on the abscissa; c) Latitudinal extent of the
Gaussian wind profile measured to two standard deviations; d) Height of the Gaussian ridge; e) Zonal extent of the ridge
and f) Stratification, shown as the buoyancy frequency, 𝑁 , divided by Coriolis, 𝑓 .

tion (4) can also be applied to topography width, hereby
𝐿𝑡 . If we instead consider the dominant wavenumber of
the ridge to be set by its width 𝐿𝑡 , then 𝑘 ∼ 1/𝐿𝑡 . This

is consistent with the our results in Figure 4 in which we
find a negative —although not 1/𝐿𝑡— trend in wind work
to topographic near-inertial wave energy conversion with
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increasing ridge width, in contrast to the increasing total
wave energy. Intuitively, this means that for wider, and in
turn less steep topography, the wind work to wave energy
conversion per unit area decreases.

4. Discussion and conclusions

We demonstrate, for the first time, the existence of a new
class of topographic near-inertial internal waves that are
generated by high-frequency winds rapidly creating near-
bottom flows which interact with topography to radiate
waves. This generation mechanism is showcased using
an isopycnal model forced by a wind pulse that mimics a
storm. The idealised model setup is carefully constructed
to enable a clean separation of our proposed waves from the
more common surface generated near-inertial waves and
to eliminate any significant mean flow that could generate
lee waves and largely eliminate any mean flow that could
radiate lee waves

We find that the topographic near-inertial waves are as-
sociated with a non-negligible pathway for the conversion
of wind work to wave energy. In the control experiment
with a 500 m ridge, we find a conversion rate of 3% for bot-
tom generated near-inertial waves and that rises up to 24%
for a ridge with height of 750 m. Compared with the 50%
for surface generated near-inertial waves in both of these
experiments, our results suggest that the topographic near-
inertial waves could contribute significantly to the local
internal wave field when a storm passes overhead. Being
generated at the seafloor, these topographic waves may be
especially important as they come at near-inertial frequen-
cies and hence, exhibit high vertical shear, meaning that
they are likely to dissipate close to the ocean bottom and
contribute significantly to abyssal mixing.

Based on our perturbation experiments, the surface forc-
ing properties that would produce the strongest conversion
rate of wind work to topographic near-inertial wave energy
are wind stresses stronger than 2 N m−2 with timescales
∼ 40% faster than the Coriolis frequency and with spatial
scales greater than 200 km. Likewise, within the range of
the tested parameters, prominent topographic features sup-
port more energetic waves. The dependence of wave gen-
eration on topography, stratification, and forcing is broadly
consistent with the previous scalings for topographic lee
waves by Legg (2021) (Eq. (4)) lending further evidence
to the proposed mechanism of generation.

Here, we studied the generation of topographic near-
inertial waves in a highly idealised domain to cleanly sep-
arated them from other flow features. An important next
step is to identify the waves in more realistic simulations.
However, delineating topographic near-inertial waves from
other flow factors due to challenges posed by the generation
mechanism.

As the topographic near-inertial waves are produced as
a secondary response from wind forcing, much care is

needed to extract them effectively from other dynamical
features in the domain. Our experiments were carefully
designed to separate the topographic near-inertial waves
from other flow features as cleanly as possible. Conse-
quently, this limited the scope of our study to simple dy-
namics, topographic features, and surface forcing profiles.
To investigate topographic near-inertial waves in a more
realistic numerical simulation or with observations, these
intricacies of disentangling them from other flow features
will need to be handled carefully. One option could be
to exploit the difference in vertical propagation between
the topographic and wind-generated near-inertial waves.
If a filter were used to separate the upwards and down-
wards propagating signals, perhaps following the spectral
approach employed by Olbers and Eden (2017) or Water-
house et al. (2022), one could identify areas of increased
vertical energy flux beneath storm systems. By looking
only at a limited horizontal radius from the storm, down-
wards propagating near-inertial waves would not have had
enough space to reach the seafloor and reflect or scatter.
However, one would still need to remove the background
internal wave fields, among other oscillatory signals that
could obscure the waves of interest. To obtain a stronger
signal, a statistical approach could be employed, e.g., av-
eraging over many storm events in several locations above
regions of varying topographic prominence. At each loca-
tion, measurements of the bottom mixing could be taken
both in the absence and presence of an overhead storm. Fu-
ture studies could employ this approach on high resolution
model outputs or observations.

As hypothesised above, the topographic near-inertial
waves may be an important contributor to deep ocean mix-
ing, but the exact extent and location of mixing induced
remains an open question. Our study was designed to max-
imise wave generation, and hence mechanisms for wave
breaking and dissipation were intentionally either removed
or suppressed. It remains possible that in more realistic
conditions the waves would immediately break, become
trapped, or otherwise dissipate close to the generation site.
Further study is therefore needed to understand how these
waves appear in the real ocean. If the class of waves pro-
posed here are responsible for the intensified near-bottom
mixing observed by Vic et al. (2019) or van Haren (2020),
then one could assess their impact indirectly by measuring
the bottom mixing rates at other intersection points of to-
pographic features and storm systems. This could be done
either with existing moorings, or by analysing model out-
puts of high resolution ocean models with more realistic
forcing and bathymetry. The advantage of using a high-
resolution ocean model is that the effects of tides could
easily be removed, so enhanced internal wave generation
or breaking at the bottom in the presence of storms could
more easily be teased out.

In conclusion, we have studied a novel internal-wave
generation mechanism whereby fast oscillations in surface
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wind directly above a topographic feature result in bottom
generated near-inertial waves. The rate of energy conver-
sion from wind work to wave energy reaches 50% of the
well-established surface near-inertial waves. By separating
the topographic near-inertial waves from other dynamical
features in our idealised experiments as cleanly as possi-
ble, we found that wave energy scales in a way consistent
with existing internal wave theory. Further study of to-
pographic near-inertial waves in ocean observations and
realistic models would help us clarify how these waves
might fit into the broader internal wave spectrum, and our
picture of abyssal mixing.
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