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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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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.
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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
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HISTORICAL BACKGROUND AND RELATED EFFORTS
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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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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 everywhere in the domain, maintained at a value of 1 in the shelf forcing region, and is otherwise
advected and diffused as temperature and salinity.

cubic spline fit to the model data points.
has been scaled by the maximum of the
ile (Vmax ! 19 cm s"1) and the radius has
y the radius of this maximum tangential
! 12 km, where V ! Vmax). The degree
ddy is radially symmetric is evident in the
individual model grid points. The eddy
x) shows relatively less scatter and is conolid-body rotation. The region of velocity
max) shows increasing variability with in-

(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 tangential 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 normalized radial structure from the polynomial fits is shown

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

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
๏ Sea Ice Avoidance
positioning and maintaining control of under-ice platforms [1].
However,
while
signals &can propagate for long
๏ Under
iceacoustic
navigation
distances
under ice, the signals scatter from the ice at each
communication
reflection, increasing loss and creating challenging
๏ Extreme
Stratification
propagation
conditions
for the receiver.
Here two range scales of current interest are addressed.
๏ Strong boundary/coastal currents
One, on order 10 km, is suitable for short vehicle missions that
๏ on
focus
time scales less than 12-24Logistics
hours, for example using
Deployment/Recovery
REMUS 100 class vehicles. The second range scale is
๏ Indigenous Whaling
intended to support gliders and floats on scales of weeks to
months, and ideally over hundreds of kilometers, but at a

Operational challenges for
operating gliders in the Arctic

Figure 1. Gliders and powered AUVs performing
Freitagoceanographic
et al. 2012

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.
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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.

