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Abstract: Multi-year ambient noise data recorded south of Australia show persistently high
levels at low frequencies that could not be explained by shipping or local winds. The monthly
median noise levels below 80 Hz are higher in Austral summer/autumn than in winter/spring.
There are two possible sources of the persistently high noise at low frequencies and its
seasonal variation: the strong westerly winds in the Southern Ocean and ice-related events
(e.g., glacier and iceberg calving) in and near Antarctica. Examination of the wind and ice
coverage in the Southern Ocean shows that the winds south of the Antarctic polar front are
one of the major sources of the low frequency noise in austral summer. The retreat of the ice-
edge in summer and autumn increases the open water surface area south of latitude 60°S.
Although the winds over this area in summer are generally weaker than that north of latitude
60° S, the sea surface is not shielded by sea ice and hence exposed to wind waves that
generate underwater noise ducted in the near-surface sound channel. Significant correlation
was observed between the noise level below 80 Hz at the edge of the southern continental
shelf in Australia and wind speed south of the Antarctic polar front in summer, whereas no
correlation was found in winter. Ice breakup events also remain a likely source of seasonal
variation of the low frequency noise observed south of Australia. The higher air and water
temperatures near Antarctica in summer cause more frequent and intense calving of icebergs
from ice-shelves and icebergs. Because the underwater sound channel is near the water
surface in Antarctic waters, the noise energy from the ice events is efficiently coupled into the
deep sound channel and ducted northwards with small losses, leading to a higher level of
ambient noise at low frequencies and its seasonal variation.
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1. INTRODUCTION

As part of the Integrated Marine Observing System (IMOS) passive acoustic observatory
program (http://imos.org.au/facilities/nationalmooringnetwork/acousticobservatories/), sea
noise data were collected southwest of Kangaroo Island from December 2014 to October
2017 using autonomous recorders set on the seafloor at a water depth of about 170 m near the
continental shelf-break off South Australia at the location shown in Figure 1. The recorders
were programmed to make 300 s recordings every 900 s at a sampling frequency of 6 kHz.
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Fig. 1: Bathymetry around the site of sea noise data recording (the red dot).

We show that the ambient noise levels are persistently high which could not be explained
by shipping or local winds, and reasonable explanations are that they originated from distant
storms at high latitudes and ice breakup events near Antarctica. Oceanography in the
Southern Ocean provides favourable conditions for such noises to propagate over long
distances north, and the seasonal variation of the low frequency noise is consistent with the
seasonal variation in the sea ice extent and ice breakup intensity in Antarctica.

2. LOW FREQUENCY NOISE

Figure 2 shows the Power Spectrum Density (PSD) levels of sea noise averaged in 1/3-
octave bands at five different percentile values from aggregated monthly data in summer
(February 2015, 2016, 2017) and winter (August 2014, 2015, 2016).

The peaks around 1.2 kHz are from evening and morning fish choruses. The peak around
20 Hz are from vocalisations of Antarctic blue and fin whales. At the higher frequencies, e.g.,
above 200 Hz, there are significant differences between the percentiles values. This is mainly
due to the significant changes of the local wind conditions within a month.

The focus of this paper is the noise at the lower frequencies. Below 80 Hz the differences
between the lower noise percentiles are small. This indicates that this noise is from persistent
sources. We can rule out two obvious conventional noise sources: shipping and local winds.

According to Automatic Identification System (AIS) data from the Australian Maritime
Safety Authority, shipping is not a significant contributor to the low frequency noise in this
area.. Preliminary modelling shows that shipping-generated noise is much lower than that
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shown in Fig.2. Examination of the noise recordings shows identifiable noise from shipping
only on rare occasions.

Local winds can also be ruled out as the main source of the low frequency noise because:
(1) to generate the low frequency noise levels shown in Fig.2, e.g., 80 dB re 1 pPa*/Hz at 50
Hz, the local wind speeds need to be over 30 knots [1, 2], whereas the median wind speed in
the region in February is about 15 knots [3]; (2) the local wind speeds vary significantly
within a month, whereas the level of the low frequency noise varies little, as shown by the
small difference between the 5 and 50 percentiles.
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Fig. 2: PSD levels of sea noise averaged in 1/3-octave bands at five different percentiles
from aggregated monthly data in February and August.

3. SEASONAL VARIATION OF THE LOW FREQUENCY NOISE

Figure 3 shows the variation of the noise level in 30 to 80 Hz band low-pass filtered with
a median filter of one week length, which excludes the contribution of blue and fin whale
sounds in the roughly 15-30 Hz band. It shows a seasonal variation pattern of being
maximum in February-March and minimum from July to October. A similar seasonal pattern
has also been observed in multi-year sea noise data collected at the HAOI station of the
Comprehensive Nuclear-Test-Ban Treaty (CTBT) hydro-acoustic station southwest of Cape
Leeuwin [4].
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Figure 3: Weekly median underwater noise level averaged in the 30-80 Hz band from
December 2014 to October 2017.

Analysis of ambient noise recorded at deep and shallow sites in the Great Australia Bight
indicates that the low frequency noise is from the south [5].
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We examine two possible explanations for the persistently high level noise at low
frequencies and their seasonal variation: the strong westerly winds in the Southern Ocean
and ice events (ice-shelf and iceberg calving) in Antarctica.

4. METEROLOGY AND OCEANOGRAPHY IN THE SOUTHERN OCEAN

The Southern Ocean off Antarctica has some meteorological and oceanographic features
that are particularly relevant to the generation and propagation of underwater sound in the
ocean. A prominent meteorological feature is the strong circumpolar westerly wind (known
by sailors as the ‘furious fifties’), which is caused by the combination of air being displaced
from the Equator towards the South Pole, the Earth's rotation, and the scarcity of landmasses
to serve as windbreaks (Fig.3).
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Fig.3: Monthly averaged wind speed (m/s) at 10 m above the sea surface in February and
August 2017 (data from CCMPv2 database [3]).
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Fig. 4: Sound speeds along longitude 135.9 € computed from summer (middle panel) and
winter (right panel) climatology of the World Ocean Atlas 2013. The red dashed lines show
the minima of the vertical sound speed profiles (sound channel axis). The rapid sound speed
variation between 50°S and 55°S agrees well with oceanographic studies of the Antarctic
Circumpolar Current south of Australia, where at 136 E, the Sub-Antarctic Front and the
Polar Front occur at about 50 °S and 55 °S respectively [6, 7].
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A prominent oceanographic feature is the eastward Antarctic Circumpolar Current (ACC)
driven by the strong westerly winds and the associated current fronts, where the cold, less
saline Antarctic water meets the warmer, high-salinity waters to the north, leading to strong
spatial variation in temperature, salinity, and hence sound speed. Across the ACC from the
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north, the sound channel axis ascends from over 1000 m depth to the surface, with a more
rapid transition in winter than in summer (Fig.4).

Ambient noise generated by strong winds and ice events, where the sound channel axis is
near the surface, can efficiently couple with the deepening sound channel and be ducted
northwards. Low frequency noise in the sound channel can propagate to great distances
because of low surface and bottom interaction losses, low cylindrical spreading losses, and
low absorption losses at low frequencies.

5. WINDS IN THE SOUTHERN OCEAN AS DISTANT SOURCES OF NOISE

It was suggested that strong winds in the Southern Ocean were the distant source of low-
frequency noise at low-latitudes, and the noise levels were lower in winter because of greater
sea-ice coverage which shields the sea surface from wind stress and prevents wind-generated
noise [8]. Our observations partly confirm this hypothesis.
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Fig. 5: Correlation between wind speed in the Southern Ocean off Australia and noise
level of 50% percentile in a 30-50 Hz band recorded in Australia at the IMOS acoustic site
(white dot) in austral summer (left panel) and winter (right panel).

Figure 5 shows the correlation of the wind speed in the Southern Ocean off Australia with
the 50% percentile noise level measured in a 30-50 Hz band at the Kangaroo Island IMOS
acoustic site in Austral summer and winter months. The low bound was set at 30 Hz to
exclude the contribution of noise generated by blue and fin whale vocalisations. In summer,
the correlation with the wind speed south of latitude 60°S is significant (nearly 0.7, p-value <
0.01), whereas it is very low (<0.3) for the wind around the IMOS site. In winter, the
situation is opposite: the correlation is high (~0.7) at the IMOS site and negligible for the
wind in the Southern Ocean south of latitude 45°S. At frequencies higher than ~100 Hz, the
correlation of underwater noise levels with the local wind is dominating both in summer and
in winter.

Although the wind speed is generally higher at latitudes north of 60°S, the noise from
wind waves is not well coupled with the underwater sound channel. At higher latitudes,
where noise sources at the sea surface are more strongly coupled with the sound channel, the
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presence of the sea ice cover, which extends from Antarctica to about 60°S in winter and
almost vanishes in summer, plays a determinant role in wind-noise generation and
propagation by shielding the ocean from wind.

6. ICE EVENTS AS SOURCE OF NOISE IN THE SOUTHERN OCEAN

Various ice-related processes in Antarctica generate underwater noise of different
waveforms and frequencies. Sea-ice related noise generating processes include ice floe
collisions, thermal cracking and interactions with waves. Glacier/iceberg related processes
include ice-quakes, calving events, grounding of icebergs, icebergs melting , etc.

Icebergs are known to generate several types of sounds: (1) long-lasting low frequency
harmonic tremors, when icebergs shoal or collide with other icebergs [10, 11], which is
surmised to be fluid-flow-induced vibrations inside the iceberg's tunnel/crevasse systems
[12]; (2) broadband bursts associated with iceberg breakup (calving) in the open sea; and (3)
continuous crackling/popping sound from iceberg melting.

Iceberg calving involves various stages: pre-cursor rumbles, ice fractures, impacts on the
water and iceberg oscillations, each stage having different time and frequency characteristics
[13, 14].

Melting icebergs and glaciers generates crackling/popping underwater noise as air bubbles

entrapped in the ice under pressure are released explosively from the melting ice [15, 16].
Most of the noise energy from iceberg melting is above 1 kHz and thus it is unlikely to
propagate over thousands of kilometres. However, we should note that the noise recorded (in
May 2013) in a glacier fjord (Andvord Bay) in Antarctica was louder than that generated by
sea state 6 in the open ocean, down to frequencies as low as 50 Hz [17].
Iceberg calving adds to the background ambient noise from iceberg melting, increasing the
noise level and modifying the spectral characteristics over hourly to daily timescales [13, 14].
A large proportion of underwater sound signals were detected during austral summer when
there was no sea ice, indicating calving events and drifting icebergs are the major
contributors to the ambient noise [18].

Satellite remote sensing shows that there were more icebergs in Austral summer and their
average size are also greater [19]. It was also found that the seasonal variation of ocean
ambient noise level in the Southern Hemisphere is highly correlated with the volume of
icebergs north of the sea-ice edge in the Southern Ocean [20], indicating that iceberg calving
events are most likely one of the dominate sources of underwater noise in the Southern
Hemisphere. Low frequency noise recorded in West Antarctica show that ice-quakes
broadband, short duration signals emitted by fracturing of large free-floating icebergs, are
prominent and the ice breakup activity peaks during austral summer and is minimum during
winter. Iceberg grounding and rapid disintegration in summer releases significant acoustic
energy. Background noise levels become lowest during austral winter, as the sea-ice cover
suppresses wind and wave noise [21].

The question of the relative contribution of various noise sources to the low frequency
noise observed south of Australia needs further investigation. Detailed analysis is beyond the
scope of this paper. We make some qualitative comments in Concluding Remarks.

7. CONCLUDING REMARKS

The factors that should increase the low frequency noise level south of Australia in
summer and decrease it in winter include:
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e A much smaller sea ice coverage area in the Southern Oceans and hence much greater
open water area for wind-generated noise south of the Polar front in summer;

e Warmer sea water in summer leading to more calving events from glaciers and icebergs;

e Winter sea ice trapping calved icebergs.

The factor that may decrease the low frequency underwater noise level off South

Australia coast in summer versus winter is:

e In summer, there is a noticeably smaller surface area in the Southern Ocean where the
sound channel axis reaches the surface, leading to less efficient coupling of the
underwater noise energy from near-surface noise sources into the deep sound channel to
the north.

Multi-year ambient noise data recorded south of Australia show persistently high levels at
low frequencies that could not be explained by shipping noise or local winds. They are most
likely due to distant sources. Wind waves at high latitudes in summer and ice-related events,
especially ice calving are the most likely sources low-frequency underwater noise south of
Australia coast and drivers of its seasonal variation.
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