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Global ambient ocean noise at 50 Hz from wind and ships near 
the surface. Red represents areas that are loud, and blue 
represents areas that are quiet. This map was created with 
Spire global AIS ship-tracking data and NOAA wind models, 
and 

plotted using the Spilhaus projer ction in AThe Science of Ocean AcousticscGIS Pro. 22

THE SCIENCE OF 
OCEAN ACOUSTICS 
Understanding the soundscape of the world involves using an array of global tracking data, 
acoustic propagation models, and GIS. Together, these data and technologies help scientists 
identify Earth’s loud and quiet places and learn about the implications of those results.  
By Chris Verlinden, Sarah Rosenthal, Jennifer Brandon, and Kevin Heaney, Applied Ocean Sciences
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OCE AN ACOUSTIC  S
In air, we use electromagnetic radiation to interact with our environment. We use 
visible light, detected by our eyes, to see, radio waves to communicate, and lasers 
to determine the range to an object (LiDAR). Underwater, this electromagnetic 
radiation does not travel very far because it attenuates rapidly. For this reason, 
researchers use sound as a tool to study the ocean and acoustics as way to “see” it. For 
example, the military uses sound (sonar) to find s u bmarines, a n d o c eanographers 
use it to measure temperature, salinity, and other properties of the ocean. 

Acoustic propagation modeling
Scientists rely on acoustic propagation modeling to analyze 
soundscapes, which is underpinned by an understanding of how sound 
works in general. Sound is a pressure wave. A vibrating body, such as 
the membrane of a speaker,  presses on the fluid  surrounding it (water or 
air), and those fluid molecules in turn push on the molecules next to them. The 
resulting disturbance spreads, or propagates, out in all directions as a 
pressure wave.  The speed of sound is the speed at which this pressure 
disturbance propagates. The speed of sound in a media depends on the 
compressibility of the material. Fluids of different properties, such as air 
versus water, or water at different temperatures, have different sound speeds. For 
example, air is more compressible than water, so the speed of sound in air is 
approximately 350 meters per second (m/s); while in seawater the speed of sound 
is approximately 1,500 m/s.

OCEAN SOUNDSCAPE
The Monterey Bay Aquarium Research Institute (MBARI) defines the ocean 
soundscape as “a continuously changing mosaic of sounds that originate from living 
organisms (communication and foraging), natural processes (breaking waves, wind, 
rain, earthquakes), and human activities (shipping, construction, and resource 
extraction).” The ocean soundscape is 4D, varying in x, y, z, and t.

The s oundscape i s important b ecause s ound i s one of the primary w ays that w e 
interact with and sense the ocean, which means the soundscape has 
implications for oceanographers who use acoustic sensors to measure the ocean, 
marine mammals who use sound to communicate, and the military who uses 
sound to find vessels such as submarines. The soundscape is a challenge to 
model, measure, represent, and understand because it is fundamentally 4D. The 
ocean is volumetric, and the soundscape along with the ocean properties it 
depends on (such as temperature and salinity) have values in every voxel (3D 
grid cell), and those values change over time. This 4 -dimensional w orkflow ca n 
be di fficult to m ana ge thro ughout the process, from gathering and curating the 
datasets, managing high bandwidth computational modeling mathematics that 
are applied to those datasets, making those results available to derivative tools 
and processes to conduct analysis, and representing and communicating the 
results of this analysis. That is where effective GIS is paramount. 

In this chapter, we discuss the GIS workflow u sed t o m odel g lobal a mbient o cean 
noise (the soundscape) derived from ship movement and weather phenomena such 
as wind and waves. This chapter presents changes in the global soundscape 
which occurred during the COVID19 pandemic. Our work 
focuses on the Arctic as a critical example of this 
soundscape analysis and uses the impact 
of anthropogenic sound—such as 
shipping noise on bowhead 
whales—as an example 
of the impact of this 
type of analysis.

The ocean soundscape is composed of all the sources of noise that contribute sound 
to the environment. They include sounds made by humans (anthropogenic; orange 
sound waves), the environment (natural sounds; green sound waves), and biological 
sources (animals: marine mammals, fish, and invertebrates; blue sound waves).

Plot of global integrated ship and wind noise at a single moment in time—April 29, 2020.

Sound propagates faster in warm water than cold water because warm water is 
less compressible. Similarly, sound propagates faster in water under pressure. 
This gives the ocean a variable “refractive index”, which causes sound to curve 
away from warmer water or water under pressure and curve toward colder 
water. This movement can cause sound to follow a deep sound channel called 
the SOFAR (sound fixing and ranging) channel, at a depth where the sound 
speed is at a minimum.

The p hysics o f h ow s ound t ravels t hrough s eawater e nable r esearchers t o u 
se acoustics to sense the ocean, but these same physics also require 
researchers  to measure the ocean everywhere to successfully calculate the 
acoustics. The fact that the temperature, salinity, and pressure of seawater 
cause the sound to travel along different paths at different speeds al lows us to 
use the travel time of underwater sound to measure these seawater properties 
using a technique called tomography. Conversely, if the seawater properties are 
well known, researchers can accurately simulate sound propagation and use these 
simulations to communicate underwater, navigate submersibles, or find whales. 
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In this schematic diagram of sound as a pressure wave, C is compression, where water molecules are closer together, and R 
is rarefaction, where the particles are furthest apart. Sound travels significantly faster in water than in air because neighboring 
water particles more easily bump into one another.

I made this up. Need exact date. -CH
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To model sound in water, one of four methods 
is typically employed: ray tracing, wavenumber 
integration or spectral methods, normal modes, or 
parabolic equation-based simulations. 

Ray tracing is an active-sensor technique used to 
calculate the path of sound through the ocean up to 
very large distances. The diagram below shows a 
ray trace simulation  used to model the acoustic 
intensity of a source in one location in all 
directions, first by modeling the acoustic intensity 
in range and depth at a single bearing, and then 
repeating that simulation in all directions. This ray 
tracing method is called an N x 2D simulation 
where N is the number of radials, and 2D refers to 
range and depth. At the end of this chapter we 
show the results of a 3D parabolic equation-
based acoustic simulation that accounts for the 
horizontal refraction of sound in seawater. The 
end result gives us the acoustic field at every voxel, 
or 3D pixel in the ocean. 

A ray trace simulation of acoustic energy refracting due to the sound-speed gradient shown at left. The sound 
source is the boat propeller that releases sound in all directions and the hydrophone at left picks up the sound 
waves as they reach it at different times. 

Ray trace showing paths 
between source and receiver. 
Shown here: a horizontal slice 
through volumetric acoustic 
field. 

NEED higher res, not in matlab

Acoustic propagation modeling can be used to measure 
both natural and anthropogenic sounds underwater. The 
natural soundscape consists of everyday noises, like wind, 
waves, and marine mammal communication, as well as 
more unique sounds, like cracking and ridging ice or 
earthquakes (pictured above in the Gulf of Alaska from 
YEAR). 

Anthropogenic sounds also fall into two categories of 
common sounds and unusual events. The CTBTO 
(Comprehensive Nuclear-Test-Ban Treaty Organization) 
has a worldwide monitoring network in place to make sure 
that one of the most devastating unusual events (testing of 
nuclear weapons) doesn't happen, and if it does happen, the 
international community is aware of it immediately. 
Pictured at left is the hydroacoustic portion of the CTBTO 
international monitoring system, with the red dots 
representing the acoustic moorings and the colored lines 
illustrating the coverage of the monitoring network.

Soundscape from earthquake emanating 
out from TOWN, Alaska. Red equals XX 
decibels, sound of earthquake dissipates by 
X meters. 

Diagram of CTBTO moorings (below): the 
red dots represent the acoustic moorings 
and the colored lines illustrate the coverage 
of the monitoring network. Red equals most 
acoustic coverage, blue least coverage.



GIS WORKFLOW FOR SOUNDSCAPE MODELING
This workflow is wide at both ends and narrow in the middle. The top of the 
hourglass represents the data management and processing required to feed the 
acoustic model what it needs. The bottom represents the wide range of  
analysis techniques that can be applied to the results of the acoustic simulation 
and the narrow  middle represents the acoustic simulation itself. The wide parts
—the top and bottom of the hourglass —are both GIS.  

The typical five steps o f ocean acoustic GIS workflow involve synthesizing a vast 
array of environmental input data and making that data available to 
an acoustic propagation model,  such as a ray trace simulation or 
parabolic equation-based model. The workflow then takes the results of  the 
acoustic simulation an d us es analysis tools to answer questions ranging 
from how far away can  one bowhead whale hear another to where should 
sensors be placed in order to detect a vessel fishing illegally in a  closed area? 
This workflow resembles an hourglass, whi ch is: 

Step 1: Gather data
Acoustic propagation is affected by an array of ocean properties. The data for 
each of the following properties (and providers): ocean temperature (top 
r ight)  and ocean salinity (World Ocean Atlas),  ocean bathymetry (the 
General Bathymetric Chart of the Oceans), bottom type (Bottom Sediment 
Type v 2.0 database), wind and wave height (National 
Oceanographic and Atmospheric Administration), and ship location (SPIRE).

 Step 2: Dependent variables
Temperature, salinity, and pressure are used to calculate the speed of sound 
in seawater (middle right). Bathymetry and information about bottom 
composition are used to determine how the sound will reflect off of and be 
absorbed by the seafloor.

Step 3: Grid data
The manner in which the environmental data is discretized and gridded is critical for 
acoustic modeling. For example, the parabolic equation-based acoustic models 
used by this team require the acoustic field to be computed every one-
half wavelength. A 50Hz sound has a wavelength of 30 m.

Step 4: Acoustic simulation
The sound speed, bathymetry, bottom characteristics, and source location are 
input into an acoustic propagation model such as this parabolic equation-based 
model in order to estimate acoustic transmission loss. This parabolic equation-
based model conducts the simulation along radials at discrete bearings and then 
integrates the resulting vertical slices into a full 3D field u sing s patial 
interpolation. Horizontal refraction is also accounted for because 
subtle horizontal sound speed gradients deflect the sound horizontally. The 
results of the simulation is the channel impulse response (CIR), a 
mathematical term that represents how the acoustic signal changes between 
a source location and every voxel in the simulation area. This CIR can be used 
to reconstruct what a signal generated in one location might sound like in another 
location, or estimate acoustic transmission loss (bottom right). Transmission 
loss (TL) is a measure of how much energy is lost between source and receiver.

Step 5: Repeat
At this point, researchers repeat the acoustic simulation for all sources of 
noise, including all ships, global wind, and waves. The acoustic intensity from each 
of these sources is summed with the transmission loss computed using the 
propagation model to determine how loud the ocean is in every location. 

Step 6: Analysis
Using this global ambient noise model can help answer questions related 
to acoustic communications, marine mammal stressors, and optimal acoustic 
sensor placement for various oceanographic sensing or defense applications. 

Acoustic transmission loss

The complexity of the ocean acoustics modeling challenge is rooted in the fact that the 
data is volumetric. In the GIS workflow, the “layers” of water are combined in a model 
to create new layers which can describe the long distance behavior of sound in the 
world’s oceans.

Ocean temperature 

Sound speed gradient

GLOBAL SOUNDSCAPE MODELING
Applying the GIS workflow to global ship- tracking databases such as the Spire 
Global AIS dataset, along with global weather, bathymetry, and bottom composition, 
makes it possible to model the entire global soundscape in near-real time. This 
workflow application can help marine biologists understand the communication 
and sensing capabilities of marine mammals or law enforcement or military 
personnel understand the performance of acoustic monitoring networks. 
There are four primary challenges associated with modeling the global 
soundscape:  

1. Computational expense: An estimated 200,000 ships
operate in the ocean; capturing small-scale variability in
noise from wind and waves requires global soundscape
models at approximately 1 km resolution. And powerful
computers must run efficient algorithms to model these 
sources in near-real time.

2. Input database management: Acoustic models 
require accurate information about sea water and
bottom properties. As a rule, these environmental
inputs should be known with more than one-
half wavelength resolution. For 150 Hz acoustic
simulations, this means 5 m voxels. These
datasets also must be kept up to date. As with any 
computer simulation, effective management of
input environmental data is key.

3. Process optimization: The mathematics
involved in the parabolic equation-based acoustic
simulations used for soundscape modeling have
existed for decades, and sources like Spire Global
make obtaining global ship-tracking datasets fairly
straightforward. The challenge becomes setting up
a computational architecture to grid and discretize
environmental data inputs, manage and filter source
information, schedule computational load across
online or physical computer servers, and then effectively
store simulation results.

4. Data analysis: Once the acoustic simulations have
been completed, further analysis is needed to understand the 
soundscape. Source levels must be applied to each ship, and based 
on international databases and historical empirical measurements.
Then the data must be made available to organizations that need it via web-
API or a data marketplace like Esri’s ArcGIS Marketplace or ArcGIS Online. 
The data must be in a format accessible to organizations that need it and 
communicated in a clear and accessible way.

Plot of global soundscape for 50 Hz at 100 m 
receiver depth simulated using global ship-

tracking data and global winds data. 
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THE YE  AR OF A QUIE  TER OCEAN
The C O VID19 p a ndemic, w h ile t r agic o n s o m a ny l e vels, h a s p r ovided s c 
ientists with a unique opportunity to study the global soundscape. 

The increasing sound levels in our oceans in modern times is generally understood to 
be detrimental to certain sea life—in particular such creatures as whales, which 
communicate long distance using sound. Baleen whales are the largest animals on 
earth and include gray, humpback, minke, right, blue, and fin whales. All but 
the gray and humpback whales are considered threatened. These whales emit 
extremely low-frequency vocalizations that travel surprisingly long 
distances underwater. The wavelengths of these calls can be longer than the 
bodies of the whales themselves.

Global decreases in ship traffic during th e pandemic (top figures) led to  a 
significant decrease in anthropogenic noise in the global ocean (bottom figures). 
The North Atlantic Ocean, for example, experienced an average decrease in noise 
levels from ships of 3.4 dB at 50 Hz, a frequency which is highly relevant for 
many large baleen whale species. A decrease of 3.4 dB might not sound like 
a lot, but dB are logarithmic, which means 3 dB represents a doubling of 
acoustic intensity. 

Put a different way, a whale—which uses sound to communicate, locate 
food, and find other whales—could hear another over whale twice as far away 
in 2020 during the pandemic in the North Atlantic Ocean than during normal 
conditions in 2019. 
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ween 2019. 
Average ambient ocean noise from ships at 50 Hz and 100 m receiver depth during April 2019 (left) and April 2020 (right). Differences at 
first glance appear subtle bet and 2020, but by combining the 2019 and 2020 maps (top left, opposite page), researchers can 
compare the ambient noise difference between the two years. In 2020, the global ocean averaged 2-4 dB quieter than 2019. Red is 
quieter.

Low resolution, 
needs replacement

redo, not in red, so 
changes more obvious/
aesthetically pretty. 
Make same shape as 
above

Global average shipping density during April 2019 (left) and April 2020 (right) estimated using Spire Global AIS tracking data. Shipping 
lanes are clearly identifiable. There are subtle differences that can be seen such as the less bright shipping lane off of Brazil. 

Ambient noise levels (1) from ships on 
a random day in March 2019. A large 
number of ships are underway. As a result, 
the ocean is very loud. The noise will make 
it more difficult for whales to communicate 
with each other.  
An examination of the signal excess for the 
humpback whale call (2) reveals that on 
this random day in 2019, the whale is only 
detectable by other whales over a very 
small area, approximately 4,025 km2. This 
relatively limited distance would likely be 
insufficient for the animal to communicate. 

On the same random day and time 
in 2020 (3), fewer ships are at sea.
Consequently the ocean is quieter than 
in 2019. Signal excess (4) for the same 
humpback whale call in 2020 in the same 
location is audible over an area of 42,240 
km2. This represents a tenfold increase 
in the area over which this whale can 
communicate in 2020 compared to 2019. 

Plot of source level (how loud it will be) of a humpback whale call north of the 
island of Oahu in the Hawaiian Islands (5). To determine where that whale might 
be detected by other whales, researchers must determine the ambient noise 
levels (soundscape), and then subtract the soundscape from the source level to 
get the signal excess, or the detectable sound.

I like this image but the resolution isn’t the best.
Recreate or replace? Is there a link? I can try to 
do a better capture. -CH
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Although the changes in anthropogenic sound from 2019 to 2020 seem subtle on 
the global scale, they are much more obvious when one zooms in on a specific 
location. Using Hawaii as a specific case study, we see that a humpback whale is 
only detectable by other whales over a very small distance in 2019, due to the 
amount of ship noise in the area. But in 2020, with the lack of ships present, that 
whale is able to communicate over an area ten times as large! The use of 
soundscape GIS in combination with propagation models and relevant data  
allows researchers to determine how many other whales will hear the call of the 
humpback and over what area that call is audible.
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ARCTIC SOUNDSCAPE
The Arctic is a perfect example of the value of underwater acoustics in the study 
of oceanography and the challenges and complexities of its application. From 
an acoustics standpoint, the Arctic is a unique environment. Cold water near the 
surface leads to lower sound speeds at the surface.  The result is a condition called 
surface ducting, which allows sound generated at the surface, such as noise from 
ships and breaking ice, to propagate great distances. The consequence is that a 
single ship in the Arctic can ensonify an entire basin, whereas adding a single ship 
to the ocean in a different region might not even be noticed. 

Ocean temperature along a north-south tran-
sect through the Pacific Ocean (transect 
shown on map in blue). Temperature is 
plotted as a function of latitude and depth. 
Figure adapted from Talley et al.  2011.

The effects of surface ice on sound propogation
In addition to the unique sound speed profile resulting from cold surface 
temperatures, which causes sound to be trapped in a duct at the surface, the presence 
of sea ice causes sound to scatter, and sometimes be blocked entirely. Ice ridges 
formed when sheets of ice come together can extend 100 m beneath the surface, 
forming walls blocking propagation paths. The presence of ice has a significant 

Typical vertical slice acoustic transmission loss simulation in the mid-latitude 
Pacific Ocean (top) compared to the Arctic transmission loss simulation 
(bottom). 
Transmission loss in dB plotted as a function of range and depth. Surface ducting 
keeps sound generated near the surface propagating at the surface over great 
distances. 

1) Acoustic simulation at
100 meters depth of a
fictitious grid of 16 vessels
spaced 200 kilometers
apart in the South Pacific
Ocean. The region is fairly
quiet.

2) Acoustic simulation at
100 meters depth of the
same grid of 16 vessels
spaced 200 kilometers
apart in the Arctic Ocean.
The entire region is enson-
ified.

Low resolution,
needs replacement

Pan-Arctic 25Hz decidecade band weekly median sound exposure level (SEL) for 1) March 2015; 2 September 2015; and 3) September 2019 (SEL is in units of dB/µPa2). 

Sea ice is represented by white shading. Images from Underwater Noise Pollution from Shipping in the Arctic, PAME, 2021. 

Acoustic transmission loss simulation for a vessel in Baffin Bay, Nun-avut, Canada 
during the summer, when ice is not present.  A single ship ensonifies the entire 
region across the bay to the west coast of Greenland. Images from Underwater 
Noise Pollution from Shipping in the Arctic, PAME, 2021.

Significantly reduced sound profile from the same ship in the winter, when sea 
ice is present and scatters the sound as it reflects off the surface.

masking effect that contributes to the characterization of the pre-industrial 
arctic soundscape as quiet or pristine. The combination of surface ducting, ice 
melting, and increased vessel traffic in the Arctic has led to the region today 
becoming much louder than it was 20 years ago.
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WHY ACOUSTICS MATTERS 
Marine mammals: Acoustics matters a lot to whales and other marine 
mammals. Whales, like this humpback, use sound to communicate, 
navigate, and sense their environment. When the ocean becomes noisier, many 
large baleen whale species vocalize louder and exhibit increased levels of 
stress hormones such as cortisol and aldosterone. During a brief hiatus in ship 
traffic following the terrorist attacks in New York City on September 
11, 2001, researchers found that stress hormones in whales decreased. 
Researchers demonstrated that increased anthropogenic noise from 
ships causes physiological stress to marine mammals. Marine mammals use 
sound in ways we do not yet fully understand, and the input of additional 
sound into their environment can be very damaging. 

For example, increased noise levels likely make it more difficult for whales to 
find mates and potentially interfere with their ability to navigate and find prey. 

Underwater communications: Researchers have reasons to study the ocean 
soundscape beyond learning how noise impacts marine mammals. Given the 
fact that electromagnetic radiation such as radio waves do not propagate 
far underwater, acoustics is the primary mechanism for communicating 
underwater. Controlling underwater vehicles or extracting data from an underwater 
sensor is typically done with acoustics. But this type of communication is 
impossible if the ambient noise is too loud.

listening for their arrivals on distant sensor 
arrays, or by passively gathering the different 
ambient noise signals received via multiple 
sensors. Recent work indicates that ocean 
acoustics could next be used to measure the pH, or 
acidity, of the ocean. All of these sensing 
techniques rely on knowledge of the soundscape. 

Military and law enforcement: Finally, military and maritime law enforcement 
use acoustics to find surface and underwater vessels using passive and active sonar. 

Vessel-to-vessel communication is done with sound waves. Low rez. CH to recreate

Oceanographic and hydrographic sensors: Oceanographers and hydrographers 
rely on acoustic sensors to measure and understand the marine environment. 
Sensors help measure the speed of ocean currents, and we use bottom profilers, 
multibeam, and side scan sonar to map the properties of the seafloor. We can even 
use acoustics to measure the temperature and salinity of the ocean using 
techniques such as acoustic tomography. This t echnique u ses t he t ravel t ime o f 
s ound a long k nown paths to infer the properties of seawater that affect 
sound speed, including temperature and salinity. 
This process is accomplished by generating
 acoustic signals at specific frequencies and 

Changing the Soundscape
All the applications on the previous page rely on knowledge of the soundscape. 
Here we show the implications of  changing the soundccape. In map A below 
we have a plot of wind-generated noise as a function of the Beaufort marine 
wind force index (right). It shows that under Beaufort level 3 conditions, which 
are characterized by 7-10 kts wind, with seas between 2 ft and 4 ft, the wind noise 
at 1,000 meters depth would be approximately the purple line. The purple 
line plot shows the detection volume, or the area with a positive signal excess, 
for a humpback whale, vocalizing at 50 Hz with a source level of 135 dB for the 
Ocean Networks Canada (ONC) open source NEPTUNE acoustic array in red dots.

On a slightly calmer day, when winds are less than 5 knots and seas are less than 
2 ft, the detection volume changes dramatically. Map B shows the detection 
volume for that same humpback whale, vocalizing at 50 Hz with a signal level of 
135 dB. Everywhere marked in red is a voxel with a positive signal excess and 
therefore a place where a whale would be detected on the ONC Neptune array. 
You can see that a whale would be detected over virtually the entire region, in 
this case the area offshore the entrance to the Strait of Juan de Fuca, 
Washington. Even a small change in conditions, for example a 1.5 knot decrease 
in surface winds, can impact the soundscape and detectability.

Noise from wind and waves at level 1.5 conditions, less than a light breeze on the Beaufort scale. Voxels in which a 
humpback whale is detectable plotted in red. On this calm day, a humpback whale is detectable virtually everywhere.

The traditional 
Beaufort scale is an 
empirical measure 
that relates wind 
speed to observed 
conditions at sea or 
on land. 

B

A

Noise from wind and waves at level 3 conditions, a gentle breeze on the Beaufort 
scale. Voxels in which the sounds of a humpback whale is detectable plotted in red. 

Researchers have discovered that some low-frequency sounds created by whales like 
this humpback can travel more than 10,000 miles in certain depths in the ocean. 

Acoustic Doppler Current Profiler (top) and their uses in oceanographic sensing 
(bottom). Credit: Teledyne RD (top), Rowe Technologies (bottom)

Credit: Navy

Chris what about 
this figure, or 
thoughts on 
recreating one like 
it?

Acoustics matter for ecological, scientific, communications, navigation, and 
security reasons in the global ocean. For all of these reasons, it's important that the 
anthropogenic noise in the ocean does not get too loud. 
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VALUE OF GIS
Researchers increasingly understand the importance of soundscape to marine 
mammals, humans, and planet Earth. As we have seen, the global soundscape 
can affect everything from a whale’s ability to find a mate to a submarine’s desire to 
stay hidden beneath the ocean’s surface. GIS technology is one of the big reasons that 
research has progressed in the study and understanding of soundscape. Researchers 
use GIS to process, curate, and manage the 4D datasets required to do high 
quality acoustic modeling. GIS allows researchers to quickly analyze the results 
of an acoustic simulation, such as the CIRS generated in the examples in this 
chapter, and turn it into something meaningful. Spatial analysis can help us answer 
questions about marine mammal stress and ecology and tell us where to deploy 
acoustic sensors to detect a vessel fishing illegally in a closed area. The scientific 
community needs tools that make this type of analysis available to everybody who 
needs it, from marine biologists and conservationists to law enforcement officials and 
military officers. 

Applied Ocean Sciences, with its partners Spire Inc. and Esri, continues looking for 
innovative ways to make soundscape data and acoustic analysis tools available for 
wider use. We have created the capability to combine Spire’s real-time and 
forecasted ship-tracking and weather data with AOS’s acoustic models, delivered 
through the ArcGIS Pro platform for the scientific community. 
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GIS can be used for everything from modeling the potential future 
acoustic impacts of a proposed port on marine life (above) to 
measuring the acoustic coverage of hydrophones off of Maryland 
for the Atlantic Deep Ecosystem Observing Network (ADEON, 
below).


	Blank Page



