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The Arctic Ocean: Brief Introduction
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layer circulation in the Beaufort Gyre is anticyclonic whereas circulation elsewhere 
in the Arctic Ocean is cyclonic. Then we examine the Canada Basin’s role as a 
reservoir with respect to sources of its freshwater components (e.g. meteoritic (runoff 
and precipitation), sea-ice melt and Pacific throughflow), and also to its water mass 
structure, within which freshwater components are stored (Section 7.4). This distinction 
among source components and among water mass affiliations is a prerequisite to 
interpreting downstream freshwater fluxes and to predicting the response of the 
Arctic system to climate variability. Finally, we combine geochemical data and 
recent freshwater budget estimates to calculate the relative contributions of fresh-
water components from the Canada Basin to other Arctic basins (Section 7.5). 
A summary and outlook is given in Section 7.6.

Fig. 7.1 Map of the study area
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estuarine system using salinity and time as independent variables (natural coordinates). 
All of these approaches have merits and limitations and a choice must be based on 
intent and application.

An initial perspective on freshwater storage in the northern oceans can be 
obtained by mapping the distribution of salinity in arctic and subarctic seas at 
selected sill depths from climatological data (Conkright et al. 2002; World Ocean 
Data (WOD) 2001). The map of salinity at 20 m (Fig. 7.3a), taken to represent the 
salinity of the near-surface mixed-layer, shows that the Pacific at this depth is much 
fresher than the Atlantic (∆S ~ 2) and this low salinity water enters the Arctic 
Ocean through Bering Strait. Saline water from the North Atlantic crosses the 
Iceland–Scotland Ridge, flows northward through the Norwegian Sea and branches 
into the Barents and Greenland seas. Together these two sources define the large-scale 
estuarine forcing of the Arctic Ocean (cf. Stigebrandt 1984). The freshest near-surface 
water is found in the Canadian Basin (which includes both the Makarov and 

Fig. 7.3 Maps created from WOD 2001 showing the horizontal distribution of (a) salinity at 20 m, 
(b) salinity at 50 m, (c) salinity at 150 m and (d) salinity at 600 m
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Figure 10. Plots of: (a) chlorophyll-a fluorescence, (b) CDOM fluorescence, (c) dissolved oxygen 
saturation, and (d) optical backscattering for the MARES glider study from August 15, 2016, to 
October 6, 2016. 

2.3.4.2 CDOM Fluorescence 

Observed CDOM values ranged from 1–4 ppb with the highest concentrations observed at the surface 
between days 10–35 of deployment (Figure 10). The near-surface high CDOM values are essentially 
tracers for the Mackenzie River plume. Outside of these localized maxima, values in the upper 40 m of 
the water column fell between 1–1.5 ppb while areas below 60 m tended to be consistent at approximately 
3 ppb. Near-bottom CDOM values were also elevated due to particulate resuspension with values ranging 
from 2.5 ppb to 3.5 ppb. 

2.3.4.3 Dissolved Oxygen 

Dissolved oxygen saturation decreased with depth with the highest values near the surface for the first 
half of the deployment and slightly deeper for the second half (Figure 10). Oxygen supersaturation in the 
upper 60 m of the water column implies primary production and surface mixing are contributing oxygen 

a. b. 

c. d. 

Opportunities for Arctic Ocean 
Science using gliders
✦ Under-sampled ocean, especially when ice covered

✦ Rapid environmental and ecosystem changes - 

constantly shifting baseline

✦ Geopolitical focus in the region

✦ Environmental monitoring & assessment

✦ Serving science needs of indigenous people

✦ Education & Outreach opportunity with students & 

general public

✦ Interesting Science & Exciting engineering 

challenges
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Imagine these Arctic scenes: A mass of sea ice drifts with twenty 
resting walruses hauled out on top. A bright white Ivory Gull circles a 
research vessel. A small boat of indigenous hunters quietly approaches 
a seal. Puffins, full of small fish and too heavy to fly,  dart down into 
the water under an approaching ship. The long, sleek backs of a dozen 
bowhead whales take turns breaking the surface as they feed. Twenty-
foot seas crash ashore a small rocky island creating spray that can be 
seen from miles away. A Snowy Owl circles 50 miles offshore over open 
water, landing on a ship’s mast in lieu of absent pack ice. A fishing 
vessel motors toward port with an icy hold full of red salmon. A polar 
bear and two cubs gnaw on whale bones on the sea ice.

We bring you this Ecological Atlas as a way to help you explore these 
and other Arctic marine scenes, brought together under one cover. 
These maps, written summaries, and photographs will take you on a 
scientific journey through natural history and ecological relationships 
in the Arctic marine environment. The goal of the Ecological Atlas of 
the Bering, Chukchi, and Beaufort Seas is to create a comprehensive, 
trans-boundary atlas that represents the current state of knowledge 
on subjects ranging from physical oceanography to species ecology to 
human uses. 

The Ecological Atlas is organized into six topic areas that build, layer by 
layer, the ecological foundation of these three seas. Chapter 2 (Physical 
Setting), explores various climatic attributes and the abiotic processes 
that perpetuate them. Chapter 3 (Biological Setting), introduces 
the lower trophic food web. Chapter 4 (Fishes), describes a range 
of prominent pelagic and demersal fish species. Chapter 5 (Birds), 
highlights a long list of seabirds and waterbirds that regularly use 
these waters. Chapter 6 (Mammals), maps out regional use by many 
cetaceans, pinnipeds, and polar bears. Chapter 7 (Human Uses), covers 
subsistence, conservation, and economic drivers in the region. These six 
expansive topic areas culminate in Chapter 8 (Conservation Summary), 
which shares the key themes and management recommendations 
stemming from this work.

MANAGEMENT OF THE ARCTIC
The Chukchi and Beaufort Seas are north of the Bering Strait, and 
within the Arctic Ocean. The Bering Sea, south of the Bering Strait, is 
technically the northernmost sea of the Pacific Ocean, but ecologically 
acts like an Arctic sea. Although multiple definitions of the Arctic exist 
(e.g. Arctic Circle, Arctic Ocean), the US Arctic Research and Policy Act 
of 1984 (ARPA) defines the Arctic as “including the Arctic Ocean and 
the Beaufort, Bering and Chukchi Seas; and the Aleutian chain.” 

The Arctic Council includes all three seas in its definition of the Arctic 
as well. (Map 1.1 in this chapter gives an overview of the project area, 
showing the Arctic Council’s Conservation of Arctic Flora and Fauna 
[CAFF] working group’s definition of the Arctic boundary.) The Arctic 
Council is “the leading intergovernmental forum promoting cooper-
ation, coordination and interaction among the Arctic States, Arctic 
indigenous communities and other Arctic inhabitants on common 
Arctic issues, in particular on issues of sustainable development and 
environmental protection in the Arctic.” The eight member states 
of the Council include the United States (US), Canada, the Russian 
Federation, Finland, Iceland, Norway, Sweden, and the Kingdom of 
Denmark. In addition, six indigenous organizations are part of the 
Council as permanent participants. They are the Aleut International 
Association, the Arctic Athabaskan Council, Gwich’in Council 
International, the Inuit Circumpolar Council, Russian Association of 
Indigenous Peoples of the North, and the Saami Council. Additional 
non-Arctic states and non-governmental organizations have observer 
status on the Council. Chairmanship of the Arctic Council rotates 
every two years; the US completed its chairmanship in early 2017, 
which was then passed onto Finland. 

In the US, several agencies manage sustainable use of the Arctic. The 
Bureau of Ocean Energy Management (BOEM) has a mission to manage 
development of the Outer Continental Shelf, providing energy and 
mineral resources in an environmentally and economically responsible 
way. The Bureau of Land Management (BLM) manages for multiple uses, 
including oil and gas development in the National Petroleum Reserve—
Alaska (NPRA). The State of Alaska’s Division of Oil and Gas (ADOG) 
is responsible for the leasing of state lands for oil, gas, and geothermal 
exploration, including the Prudhoe Bay oil field and in nearshore marine 
waters. The mission of the US Fish and Wildlife Service (USFWS) is 
working with others to conserve, protect, and enhance fish, wildlife, 
plants, and their habitats for the continuing benefit of the American 
people; USFWS also manages threatened and endangered species 
and a network of national wildlife refuges. The National Oceanic and 
Atmospheric Administration’s (NOAA’s) Fisheries Division is responsible 
for the stewardship of the nation’s ocean resources and their habitat, 
with a focus on productive and sustainable fisheries, sound science, and 
an ecosystem-based approach to management; NOAA also manages 
threatened and endangered species (particularly marine mammals) 
and a network of marine protected areas (MPAs). The mission of the US 
Geological Survey (USGS) includes understanding complex biological 
systems through research, modeling, mapping, and the production 
of high-quality data. Together, the work of these agencies, under the 
auspices of the US Department of Interior, directs the management 
of the Arctic, both onshore and offshore, in the US. Similarly, a host of 
agencies in Russia and Canada manage terrestrial and marine natural 
resources, although they are not described here. In addition to the 
internationally coordinated Arctic Council and a host of federal and state 
agencies, numerous local governments, indigenous organizations, tribal 
entities, and non-governmental organizations actively participate in 
management of the Arctic ecosystem.

To encourage sustainable management in the face of growing human 
influence, climate change, and development, there is a need to synthe-
size and disseminate information to policy makers, scientists, and the 
public in a format that is useful and accessible. To be most compre-
hensive, the information should transcend jurisdictions, missions, and 
international boundaries, following ecological patterns instead. This 
atlas is a step toward that end, by providing a cumulative picture of 
what is happening in the Bering, Chukchi, and Beaufort Seas to better 
understand ecological patterns through spatial data, maps, and written 
summaries. It is our hope that the information included here will aid the 
variety of entities involved in managing the Arctic to make informed 
decisions that promote sustainable use and conservation. 

HISTORICAL BACKGROUND AND RELATED EFFORTS
In 1988, NOAA published the first comprehensive area-wide marine 
mapping project for the Arctic—the Bering, Chukchi, and Beaufort Seas 
Coastal and Ocean Zones Strategic Assessment Atlas. In 2010, 22 years 
later, Audubon Alaska published the first edition of this Ecological 
Atlas, under a slightly different name. The Arctic Marine Synthesis: Atlas 
of the Chukchi and Beaufort Seas, was the first comprehensive atlas of 
the region since NOAA’s atlas, and was completed in cooperation with 
Oceana, who made valuable contributions by sharing knowledge of 
marine ecology and biological data layers. 

Audubon’s first edition Ecological Atlas was met with enthusiasm 
by a wide variety of users, from local Alaskans to decision-makers 
in Washington, DC. The work helped inform many other tools and 
planning processes. USFWS found the polar bear map useful when 
delineating critical habitat. Alaska Ocean Observing System (AOOS) 
added the data to its online Arctic mapping portal to make them 
accessible to various interested users. NOAA used these data in its 
Environmental Response Management Application (ERMA) for oil spill 
response planning in Arctic waters. The State of Alaska Department 

of Environmental Conservation (ADEC) also used these data in its 
own oil spill response plans. USGS used descriptions from the atlas 
to summarize data quality in its report to the Secretary of Interior 
evaluating science needs to inform decisions about Outer Continental 
Shelf (OCS) energy development. The International Union for the 
Conservation of Nature (IUCN) relied on the Ecological Atlas to 
identify several Ecologically and Biologically Significant Areas (EBSAs) 
in Alaska waters, a designation set up under the United Nations’ 
Convention on Biological Diversity. 

Over the years, however, data presented in the atlas aged—newer 
data became available and other data were improved. To answer 
that call, we began work on a second edition Ecological Atlas of the 

Bering, Chukchi, and Beaufort Seas in 2015 with a generous grant 
from the Gordon and Betty Moore Foundation. The second edition 
Ecological Atlas integrates data from the first, as well as several other 
intervening projects that used and built upon the original database. 
This new edition also greatly expanded the geographic extent by 
adding the southern Bering Sea, the eastern Canadian Beaufort Sea, 
many new species, and an expanded Human Uses Chapter, including 
subsistence, vessel traffic, and fisheries management.

Between the first and second editions of this atlas, several other 
efforts conducted by Audubon and partners were the building blocks 
for this project.
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The dynamic food web of the Pacific Arctic, illustrating complex interactions between trophic levels, from primary productivity to apex predator.
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Figure 3. Winter (top) and summer (bottom) processes that govern upper ocean stratification and sea ice 
evolution. The interplay between exchanges of heat and fresh water with the subpolar Atlantic and Pacific, 
input from the shelves along the perimeter of the deep Arctic basin, and local momentum and buoyancy 
transfers between the atmosphere, ice, and upper ocean govern Arctic Ocean stratification and circulation. 
Ice cover modulates penetration of solar radiation and upper ocean response to wind forcing. The physical 
processes that govern the coupled atmosphere–ice–ocean system thus evolve with the annual cycle in ice 
cover and sea ice properties. 

Credit: UW-APL ONR SODA
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sloping isopycnals near 50- and 150-m depth on the
offshore side of the boundary current, that is, where the
isopycnals spread resulting from the shelf water pyc-
nostad on the slope (Fig. 9b). It is important to note
that the energy conversion is limited to the region of
sloping isopycnals even though the eddy density flux
continues far offshore.

The conversion from mean kinetic energy into eddy
energy is related to barotropic instability and is given by

BT ! !"u"Uy, "7#

where U is the time mean zonal velocity. Kinetic energy
is extracted from the mean flow by eddies transporting
zonal momentum down the mean velocity gradient.
The eddy momentum flux $%u% calculated over the final
100 days and then averaged between 100 and 700 km is
shown in Fig. 14c. The maximum signal is centered near
100-m depth and extends approximately 20 km off-
shore. The sense of the eddy momentum flux is such
that zonal momentum is transported offshore, leading
to an offshore shift in the location of the boundary
current. This is consistent with the offshore shift of the
depth-integrated transport streamfunction as the flow
moves eastward along the island (discussed below). The

change in zonal momentum that would result from this
magnitude of eddy momentum flux divergence, over
the zonal extent of the island with mean boundary cur-
rent strength of 10 cm s& 1, is O(10 cm s& 1). This would
cause the mean flow onshore of the maximum eddy
momentum flux to decrease by this amount and the
mean flow offshore of the location of the maximum to
increase by this amount, which is again consistent with
the offshore shift found in the model.

Unlike the eddy density flux, which decays only
weakly offshore of its maximum (Fig. 14a), the eddy
momentum flux decreases rapidly in the meridional di-
rection, resulting in weakly negative momentum flux
offshore of the mean boundary current location (Fig.
14c). This means that while salinity (and other tracers)
is carried far from the boundary by the eddies, momen-
tum is not. Hence, the volume transport of the bound-
ary current remains essentially trapped near the bound-
ary, even as the tracers originally within the current are
carried far offshore. Because of the symmetry of the
eddies, it is clear that they cannot transport momentum
but, because of the antisymmetry in density of the baro-
clinic eddy pairs, they are very effective at transporting
density. The eddies are only able to transport momen-

FIG. 14. Along-shelf and temporal mean of the (a) offshore eddy density flux (kg m& 2 s& 1 '
10& 2), (b) baroclinic energy conversion term (m2 s& 3 ' 10& 8), (c) eddy momentum flux
(m2 s& 2 ' 10& 3), and (d) barotropic energy conversion term (m2 s& 3 ' 10& 8), overlaid on the
mean density field (thin black contours). The zero contour of each field is given by the bold
black line. The white line indicates the region of overlap with the observations (Fig. 15).
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Spall et al. 2008
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white line is a cubic spline fit to the model data points.
The velocity has been scaled by the maximum of the
spline fit profile (Vmax ! 19 cm s"1) and the radius has
been scaled by the radius of this maximum tangential
velocity (Rmax ! 12 km, where V ! Vmax). The degree
to which the eddy is radially symmetric is evident in the
scatter of the individual model grid points. The eddy
core (r # Rmax) shows relatively less scatter and is con-
sistent with solid-body rotation. The region of velocity
decay (r $ Rmax) shows increasing variability with in-
creasing distance from the eddy center.

The velocity magnitude and radial structure of the
model eddy are consistent with that observed from
drifting platforms. Direct current observations reported
by Manley and Hunkins (1985) indicate values of Vmax

from 30 to 50 cm s"1. D’Asaro (1988b) reports Vmax

from 10 to 30 cm s"1 for three different halocline anti-
cyclones; PLKR report statistics from 29 eddy encoun-
ters, where the mean Vmax was 24 cm s"1. Thus, the
strength of the model eddy (Vmax ! 19 cm s"1) is rep-
resentative of, although perhaps slightly weaker than,
the typical observed eddy. The model produces eddies
that range in radius from approximately 5 to 20 km, but
all show a similar velocity profile when scaled the same
way.

Despite many Arctic eddy observations, reports of
tangential velocity versus eddy radius, passing from
near the eddy center through the radius of maximum
velocity, are relatively rare. Where radial structure has
been reported (Newton et al. 1974, D’Asaro 1988b;
Timmerman et al. 2008), it is consistent with a solid-
body core and a decay region of about 1.5 times Rmax.
Observations from ADCPs on ice-tethered drifters

(PLKR) were used to produce a normalized radial
structure for comparison with the model eddy. Velocity
data from 29 eddy encounters that clearly passed into
the solid-body core were rotated into radial and tan-
gential components using an estimated eddy center,
and a third-order polynomial fit was made assuming
V ! 0 at R ! 0. Tangential velocity and radius from the
fits were then scaled in the same manner as described
above for the model eddy. The average of the normal-
ized radial structure from the polynomial fits is shown
in Fig. 11c (red line), and compares very well with the
radial average structure of the model eddy. The obser-
vations indicate a self-similar structure for the 29 ed-
dies, with typical values in strength of 20–35 cm s"1 and
in size from 2 to 9 km. Although the model eddies are
somewhat larger and weaker, the good agreement in
the normalized radial structure with the observations is
encouraging.

The anticyclonic eddies in the model transport waters
that originated on the shelf into the basin interior. This
is evident from the salinity and potential vorticity sig-
nals in the core of the eddies. A passive tracer has been
added to the calculation in order to quantify the off-
shore transport by the eddies. This tracer is advected
and diffused in the same way as are temperature and
salinity, but is initialized at zero throughout the domain
and maintained at a value of 1 within the forcing region
on the shelf. A plan view of the tracer on day 180 at a
depth of 115 m is shown in Fig. 12. The tracer clearly
marks the location of the boundary current and core of
the offshore eddies. The offshore flux of boundary cur-
rent water, normalized by the flux off the shelf, is quan-
tified by integrating the tracer flux as

FIG. 12. Passive tracer in the model on day 180 at 115-m depth. The region of offshore and
alongshore tracer flux is indicated by the bold white lines. The tracer is initially zero every-
where in the domain, maintained at a value of 1 in the shelf forcing region, and is otherwise
advected and diffused as temperature and salinity.
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Major Arctic field campaigns 
(potentially) involving gliders:

• NSF: 
• Arctic Observing Network

• Navigating the New Arctic


• ONR: 
• Marginal Ice Zone

• Stratified Ocean Dynamics in the Arctic

• Autonomous Mobile Observing System


• BOEM: 
• Marine Arctic Ecosystem Study

• Autonomous Carbon Glider


• NOAA: 
• Arctic Wave Glider



Operational challenges for 
operating gliders in the Arctic

๏ Sea Ice Avoidance

๏ Under ice navigation & 

communication 
๏ Extreme Stratification

๏ Strong boundary/coastal currents

๏ Deployment/Recovery Logistics

๏ Indigenous Whaling

 

  
Abstract— Initial results of experiments performed under 

Arctic ice have shown that acoustic communications and 
navigation can be performed on scales of 10-100 km using 
relatively inexpensive and compact hardware.  Measurements of 
the impulse response at ranges of 10 and 75 km reveal extensive 
scatter and both resolvable and unresolvable rays. Phase 
coherent communication using adaptive equalization was 
successful up to ranges of 70-90 km at data rates of 5-10 b/s. As 
the SNR drops to levels too low for phase coherent 
communication, short FM sweeps (5-10 s), are shown to provide 
sufficient gain to provide lower rate communications and also 
support navigation.  

I. INTRODUCTION 
  
Unmanned systems, whether powered, gliding or drifting, 

represent the best platforms for extensive sampling of the 
water under Arctic ice. However, navigation, telemetry and 
control of these platforms is made difficult because the ice 
makes it nearly impossible for them to surface safely. Thus, 
acoustics is the only practical long-range method for 
positioning and maintaining control of under-ice platforms [1]. 
However, while acoustic signals can propagate for long 
distances under ice, the signals scatter from the ice at each 
reflection, increasing loss and creating challenging 
propagation conditions for the receiver.  

Here two range scales of current interest are addressed. 
One, on order 10 km, is suitable for short vehicle missions that 
focus on time scales less than 12-24 hours, for example using 
REMUS 100 class vehicles. The second range scale is 
intended to support gliders and floats on scales of weeks to 
months, and ideally over hundreds of kilometers, but at a 
minimum of 100 km. Data transmission at long ranges is 
challenging because of the high cost in energy for small 
vehicles, however, for future large vehicles, a modest amount 
of data could be sent to surface stations to provide position 
and mission status occasionally. An artist’s rendition of the 
scenario, showing different classes of vehicles performing 
different missions, is presented in Figure 1.  

The paper includes a description of the approach taken thus 
far, and initial results obtained during two recent experiments. 
The first experiment was performed in September 2010 in 
collaboration with the Nansen Centre in Norway aboard the 
icebreaker K/V Svalbard, and included ranges up to 100 km. 
 
 

The second, undertaken during a Navy test north of Alaska in 
March 2011, with environmental data from 2009 used for 
modeling, included ranges up to 75 km. In the latter case post- 
processing of the received signals showed that longer ranges 
could have been achieved at the lower end of data rates that 
were transmitted. 

 
Figure 1. Gliders and powered AUVs performing oceanographic 

work beneath the Arctic ice. 
 

A. Approach 
Both navigation and communication can be accomplished 

using the same hardware components, and the challenge is to 
design transducers and processing to achieve the desired 
range, throughput and power efficiency. The acoustic source 
technology employed to achieve the long range while using a 
small, hand-deployed transducer is a simple Helmholtz 
resonator that consists of a spherical ceramic within a 
carefully designed but simple tube. A carrier frequency of 
approximately 700 Hz was used in one experiment, and 900 in 
the other. Bandwidths up to 96 Hz were explored, with 12 Hz 

Acoustic Communications and Navigation 
Under Arctic Ice 

Lee Freitag, Peter Koski, Andrey Morozov, Sandipa Singh and James Partan  
Woods Hole Oceanographic Institution 

Woods Hole, MA USA 
{lfreitag, pkoski, amorozov, ssingh, jpartan}@whoi.edu 

Freitag et al. 2012
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The transmission loss, calculated without taking into 
account the scatter at the surface, shows the pattern of energy 
distribution with respect to depth and range (Figure 13). The 
effect of the channel at 150 m is clearly visible, with rays 
converging at the surface every 6-7 km. The figure also shows 
that energy will be present down to 1500 m without shadow 
zones. 

 

 
Figure 13 Transmission loss corresponding to the 2011 sound speed 
data. A loss-less surface reflection is assumed for simplicity. 

The corresponding plot for 150 m is shown in Figure 14. 
Here the source is in the duct, and direct path propagation is 
visible out to the maximum range. If it were possible to 
position both the transmitter and receivers at this depth, then a 
direct path without the loss due to surface scatter could be 
available, though refracted and reflected energy would be 
present as well (for example as shown at close range in Figure 
4). Additional work to analyze whether this duct is present 
through the seasons where the ice-based communications and 
navigation system would be deployed is necessary to see if the 
expense of the deeper source would be justified.  

 

 
Figure 14 TL for a 150 m source showing the resulting ducted 
energy. 

 

B. Experimental Setup 
The experimental setup included four remote receivers, 

located 10, 20, 30 and 40 nmi (approximately 19, 37, 56, and 
75 km) from the base camp, each with two hydrophones, one 
at 25 m depth, the other at 75 m.  At the base camp the source 
was positioned at 8, 25, and 150 m depths. Not all 
combinations are discussed here. It will become evident that 
the propagation patterns described above will come into play 
in the SNR achieved for each combination.  

C. Comparing Bandwidth 
One of the experiments that was conducted entailed 

transmission of different bandwidth FM sweeps. Both 5 and 
10 second signals were transmitted using bandwidths of 1.5 to 
32 Hz centered at the same carrier. The sweeps were sent 
consecutively with sufficient time between each one to ensure 
the channel was clear. The results are shown in Figure 15, 
where the effect of additional bandwidth is clearly seen in the 
increased resolution of the arriving rays. The time span of the 
majority of the energy is approximately 1 second. The most 
striking thing to note is that the time of arrival estimate clearly 
improves with bandwidth, in particular from 1.5 to 4 Hz where 
the initial arrival group is first resolved. Absent the multipath, 
high SNR allows accurate time of arrival estimates on what 
look like very broad peaks, and lower bandwidth alone is not 
necessarily an impediment. However, in this case, the later 
energy skews the position of the peak and adds bias to the 
arrival estimate. 

The result shown in Figure 15 demonstrates that short 
sweeps can provide very good SNR even at 75 km, and based 
on a closer look at the 32 Hz bandwidth result, may provide 50 
m accuracy as opposed to order 750 m for the 1.5 Hz 
bandwidth case. An important next step in evaluating these 
results is determining the path that the first arrival traveled so 
that the travel time can be accurately converted to distance. 

The other note of interest from Figure 15 is the total delay 
spread (in symbols) required for the equalizer feed-forward 
filters to span. For the 1 second spread, 12 symbols per second 
requires 24 T/2 spaced taps, etc. Signals to 96 sps were 
transmitted during the ICEX 2011 test, with 12 to 48 being the 
most successful at the farther stations. The 48 sps signal would 
require 96 taps to cover the multipath fully, but as the energy 
is concentrated in the first 200-300 msec, that many is not 
required. A sensitivity analysis to determine the optimal 
number of taps is another future area of work.  

Freitag et al. 2012
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Next steps toward improving glider science & operations in the Arctic:

• More robust platforms that can be deployed and recovered by non-specialized 
personnels without special equipment. 

• Under-ice navigation & communication network for all to use. 

• Improve engagement and build trust with local indigenous communities with 
regards to glider-based science. 

• Develop technologies & techniques for year round sampling of shelf-basin 
exchange in the presence of strong boundary currents & river plumes.


