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gions addressing interdisciplinary science ques-

tions of global significance is leading to major sci-
entific breakthroughs and technological advances, most
notably in the areas of ice sheet dynamics and mass
balance, solid earth structure and deep earth process-
es. The research has direct relevance to societal needs
and NSF Office of Polar Programs (OPP) research goals,
and relies heavily on support from the IRIS and UNAVCO
facilities.

The importance of polar seismic and geodetic science
has led, over the past decade, to rapid growth in the
number of NSF-sponsored projects utilizing seismic,
GPS and other remote sensing equipment. The scope
of the research goes well beyond the fields of geodesy
and seismology, and includes climatology, meteorology,
glaciology, geomorphology, volcanology, and space phys-
ics. The rapid growth in the number and variety of polar
projects impacting the IRIS and UNAVCO facilities, the
frequency of requests to NSF for project support, and the
need to coordinate field logistics across many projects
is creating significant challenges for all involved, includ-
ing principal investigators, facility staff, and NSF program
managers.

To address these challenges, a workshop titled “Build-
ing a Framework for Facility Support for Polar Seismic
and Geodetic Science” was held September 89, 2011
at the National Science Foundation. The workshop
brought a broad cross-section of the science community
that utilizes UNAVCO and IRIS facility support together
with NSF program managers and staff from UNAVCO and
IRIS. A primary need identified during the workshop was
for a facility plan to guide the growth and management
of the UNAVCO and IRIS polar facilities over the next 5
to 10 years.

This facility plan, developed from the workshop out-
comes, describes the services currently provided by IRIS
and UNAVCO for supporting polar seismic and geodet-
ic projects, documents the strengths of the facilities,
identifies major challenges facing them, especially from
increasing community demands, and gives guidance for
the management and growth of the facilities through a
number of recommendations. Summaries of major chal-
lenges and cross-referenced recommendations are pro-
vided below. The recommendations, grouped into three
broad categories (technology, management and gover-
nance), specify ways to strengthen and expand the ser-
vices provided to the community, improve governance,

Seismological and geodetic research in polar re-
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and enhance data recovery and quality through harness-
ing technological advances.

Major Challenges

1) Fulfilling commitments to Pl projects with delivery of
high quality, fully tested instrumentation systems while
simultaneously maintaining large networks and pursuing
technological developments and propagating them to ex-
isting stations is difficult with existing staffing levels.

2) Lengthy field seasons in demanding conditions put
a great deal of strain on facility staff.

3) Maintaining adequate and flexible inventories to
support a wide range of Arctic and Antarctic projects
without having to constantly ship equipment between po-
lar regions is challenging.

4) There are technological challenges to supporting
both short- and long-term, continuous acquisition of
seismic and GPS data from polar regions. These include
developing sustainable solutions for power and com-
munications, improving environmental enclosures, and
cold-hardening equipment.

5) To improve station operations, synergies in engineer-
ing design and logistics sharing are needed to maximize
the efficient use of limited resources. IRIS and UNAVCO
have established an effective collaboration through joint-
ly developing power and communications technologies,
and in planning support for polar projects. Finding time
and resources to support these collaborations and for
the cross training of IRIS and UNAVCO staff is a chal-
lenge.

6) The lack of a sufficiently large on-ice facility to test,
repair and stage field instrumentation and prepare equip-
ment for remote deployments creates inefficiencies and
increases work loads.

7) For UNAVCO, maintaining technical competence in
GPS survey methods and data processing techniques
is challenging due to time constraints brought about by
heavy field season support.

8) Obsolescence of the GPS receiver pool is a major
issue. The Trimble NetRS receiver, which makes up 100%
of the remote ANET, GNET, and LARISSA network sites,
is aging, out of production, and will only become less
reliable over time.

9) For IRIS, a larger, dedicated polar instrument pool is
needed to meet community demands.

10) The complexities of supporting polar projects are
challenging existing governance and management struc-
tures within IRIS.



Management Recommendations Common to
IRIS and UNAVCO:

- Maintain capable and well trained staff to meet
the existing and future demands of NSF-OPP funded
projects requiring facility support (Challenges 1, 2 and
7)

+ Increase the level of cross training within and be-
tween the facilities (Challenge 5)

- Engage with NSF to improve workspace for testing,
staging and long-term storage of equipment at field lo-
gistics hubs, in particular McMurdo Station, Antarctica
(Challenge 6)

- Establish closer coordination between NSF, the
facilities, and the investigators in project planing
through project award to more effectively schedule
supported projects and make available the resources
needed for implementation in the field (Challenges 1
to 4)

- Foster and support collaborations with other polar
science communities to advance mutual goals of im-
proved data return and quality from multi-sensor sta-
tions (Challenges 5 and 6)

- Together with relevant governance bodies, develop
a mechanism for evaluating the needs and possible
transition plans for current Pl-led stations to long-term
facility-operated stations (Challenges 1 to 5 and 10)

UNAVCO- Specific Recommendations
Technology:

- Improve and formalize the infrastructure associ-
ated with terrestrial laser scanning operations (Chal-
lenges 1 to 3)

- Improve designs for continuous stations to elimi-
nate single-point failures and increase reliability (Chal-
lenges 3 and 4)

- Identify the next GPS receiver for continuous use
in polar regions (Challenge 8)

Management:

- Support enough terrestrial laser scanning (TLS) in-
struments to meet community demand (Challenge 3)

- Create enhanced training materials and make
them available as a resource to the community (Chal-
lenges 1 and 7)

- Together with relevant governance bodies, coordi-
nate the development and implementation of a plan
for longerterm GPS station operation and mainte-
nance for ANET/POLENET (Challenges 1 to 4)

- Maintain a limited stock of equipment and spare
parts for strategic, long-lead time items (Challenge 3)

- Maintain a state-ofthe-art pool of equipment
suitable for polar applications, with separate sets of
equipment for Antarctic and Arctic use (Challenge 3)

- Establish a strategic plan for battery replacement
at long-term continuous stations (Challenge 4)

Governance:

- Continue the effective governance provided by the
current cross-cutting nature of UNAVCO’s committee
structure

IRIS-Specific Recommendations
Technology:

- Improve communications systems to allow retriev-
al of full bandwidth data from all stations (Challenge
4)

- Improve data quality, including improvement of on-
site quality control capabilities (Challenge 4)

- Improve the cold specifications for polar instru-
mentation, and work with equipment manufacturers
on implementation (Challenge 4)

- Improve integration of system components with
state-of-health output to communication systems
(Challenge 4)

- Develop enclosures for cold, wet environments
(Challenge 4)

Management:

- Continue coordination with OPP on operations of
existing Antarctic GSN stations (Challenges 1 to 4)

- Improve collaborations with equipment manufac-
turers to enable on-demand ordering of system com-
ponents, and to improve the cold tolerance, ease of
use, and ruggedness of sensors and data-acquisition
systems and enable use with non-seismic sensors
(Challenge 4)

- Together with relevant governance bodies, coordi-
nate the development and implementation of a plan
for longer-term seismic station operation and mainte-
nance for GLISN and ANET/POLENET (Challenge 1 to
4)

- Work with the community to develop and imple-
ment a plan for establishing and maintaining a ded-
icated polar instrument pool that is large enough to
meet community needs (Challenge 9)

- Develop capabilities for effective evaluation of
emerging technologies (Challenge 4)

Governance:

- Establish a governance structure for polar activ-
ities to (1) provide an effective, efficient, and trans-
parent forum for community input directly to the polar
staff; and (2) provide commensurate budget oversight
(Challenge 10)

- Establish a management structure for polar activi-
ties to (1) define a clear transmission path for commu-
nity input; (2) provide a well-defined and open path for
communication between NSF and IRIS polar staff; and
(3) provide a clear decision-making pathway for polar
activities (Challenge 10)
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ver the past decade there has
Obeen rapid growth in the num-
ber of NSF-sponsored projects
in polar regions utilizing seismic, GPS
and other remote sensing equipment
provided and maintained by the IRIS
and UNAVCO facilities (see text in blue
and gray boxes). The nature of the sci-
ence projects utilizing equipment and
support from IRIS and UNAVCO span
Earth structure and processes from
the inner core to the ionosphere, and
include the fields of geodesy, seismol-
ogy, climatology, meteorology, glaciol-
ogy, geomorphology, volcanology, and
space physics. The rapid growth in
the number and variety of polar proj-
ects impacting the IRIS and UNAVCO
facilities, the many requests to NSF
for support of these projects, as well
as the need to support and coordi-
nate field logistics for the projects,
have created many challenges for all
stakeholders, including Principal In-
vestigators, facility support staff, and
NSF program managers.
Consequently, a workshop titled
“Building a Framework for Facility Sup-
port for Polar Seismic and Geodetic
Science” was convened and held Sep-

tember 89, 2011, bringing together
a broad cross-section of the science
community that utilizes UNAVCO and
IRIS facility support with NSF program
managers and staff from UNAVCO
and IRIS to discuss future community
needs for polar facility support. A pri-
mary need identified was for a facility
plan to guide the growth and manage-
ment of the UNAVCO and IRIS polar
facilities over the next 5 to 10 years.

The workshop was held at the Na-
tional Science Foundation in Arling-
ton, VA and was attended by over 40
scientists, and staff members from
NSF, IRIS, and UNAVCO. This docu-
ment serves both as the workshop
report and the facility plan for polar
seismic and geodetic science; it links
to and builds from several related re-
ports, most notably the Autonomous
Polar Observing Systems Workshop
(APOS) Report, and the National Acad-
emy of Sciences Report on Antarctic
Science.

The plan reflects the organization of
the workshop, the nature of the de-
liberations by the attendees, and the
resulting recommendations. Back-
ground information on the growth of

the IRIS and UNAVCO facilities are
provided in this chapter. In Chapter
2 a brief review is provided of the
first-order science questions driving
the growth in use of polar seismic
and geodetic facilities. Chapters 3
and 4 focus on the services provid-
ed by the IRIS and UNAVCO facilities,
and Chapter 5 explores strategies
and pathways for collaboration, creat-
ing efficiencies in facility support, and
improving governance.
1.1 Growth of IRIS and UNAVCO
polar facilities

The growth in facility support from
IRIS and UNAVCO over the past de-
cade for seismic and geodetic sci-
ence is illustrated in Figures 1-3. For
UNAVCO, the growth has come mainly
from projects deploying GPS equip-
ment over multiple years recording
continuously (cGPS), in addition to a
significant ramp up in the number of
projects using other kinds of equip-
ment, such as ground based LiDAR
(Fig 1a). In comparison, the number
of projects making campaign mea-
surements in polar environments has
fluctuated from year to year. The in-
crease in demand for UNAVCO facility
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Fig 1a: UNAVCO Polar projects by type and program showing recent growth in LiDAR,

networks, cGPS applications, and power systems.
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Fig 1b: IRIS PASSCAL supported experiments showing the growth in the number

of experiments active each year by region.




support is also reflected in the growth of the GPS
receivers in the UNAVCO equipment pool available for
polar projects (Fig 2a) and the cGPS data holdings in
the UNAVCO data archive (Fig 3a). The growth in both
these areas is occurring as a result of an increased
number of Arctic and Antarctic projects supported by
NSF.

There are similar trends in the growth of polar
projects receiving IRIS support. In particular, there
has been rapid growth in the number of projects sup-
ported in the Arctic (Fig 1b). The growth in the polar
seismic equipment pool and data archived from polar
projects mirrors the trends for GPS equipment and
data (Figs 2b, 3b).

Because of the increased demand for polar facility
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support, staffing at IRIS and UNAVCO over the past
decade has also evolved to address the needs of
the polar science community. The impact on facility
staff has been significant, and in many instances the

Fig 2a: Growth of UNAVCO Polar GPS receiver pool in response to larger campaign proj-
ects, long-term deployments, and networks.

facilities have had to utilize core facility staff to sup-
port polar projects because of high pressure to get
projects into the field on short notice. 1000
1.2 Polar facility support

With the establishment of UNAVCO as an indepen-
dent, non-profit, university-governed consortium in
2002, OPP Arctic and Antarctic funding began to be
included in UNAVCO’s 2003-2007 core Cooperative | “°
Agreement. The UNAVCO polar support program grew
in scope with the increasing number of funded PI proj- | ««
ects and the availability of a growing number of polar
field-worthy campaign units in the UNAVCO pool.

For IRIS, funding for equipment has been provid-
ed primarily through MRI awards to develop power
and communication systems for autonomous sta-
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tions and to purchase cold-equipped seismometers
and data loggers. Supplemental awards to the IRIS
Cooperative Agreement in response to the needs of
funded PI projects have provided additional funding
for equipment. IRIS staff has also been supported
through supplements to the IRIS Cooperative Agreement,
and the amount of support has increased over the past de-
cade as the number of polar seismic projects has grown.
1.3 Trends in facility support needed for polar seismic
and geodetic science

Trends in facility support are driven primarily by
technological advances, science problems that require
ever-longer field deployments with increasing numbers
of sensors, and pressures to reduce the logistical
costs of deep field installations. The needs to harness
technological advances for improving data quality and
quantity, the latency of data, and reducing overall costs
are discussed in the APOS report and go well beyond just
the polar seismic and geodetic communities. As new
and better power systems, communication devices and
sensors become available, the science community relies
on the facilities to keep abreast of relevant technological

Fig 2b: Polar seismic stations supported with PASSCAL equipment, illustrating the growth
in use of equipment and the reliance on common pool instruments to meet project
demand.

advances and to lead efforts to utilize those technologies
for advancing the community’s ability for making field
observations.

Field deployments in some of the coldest, wettest and
most remote polar regions are required to address many
first-order polar science questions, and notable success-
es in obtaining important new data sets from such re-
gions over the past few years have whetted the appetite
of the science community to tackle even more challenging
problems. Consequently, the science community will like-
ly continue to ask the facilities for ever-larger amounts of
support, keeping pace with, if not exceeding, the ramp up
in demands placed on the facilities by the science com-
munity over the past decade.

Balancing the need for larger field deployments over lon-
ger periods of time with the availability of polar logistical
support has also helped to push the science community
and facilities to seek creative and flexible ways to reduce
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1.0 INTRODUCTION

the size and weight of equipment and power sys-
tems, as well as modes of equipment installation
and transportation. This balancing act places in-
creased pressure on the schedules of facility staff,
in addition to other field team members, and of-
ten means that the efficient use of staff time is
compromised for the sake of making other pieces
of the logistical puzzle fit together. As larger and
more logistically challenging projects are devel-
oped by the science community, facility staff will
likely experience increased demands on their time,
their abilities to harness technological advances
for reducing equipment size and weight, and their
abilities to design and implement new methods of
transporting and installing equipment.

1.4 Long-range projections of facility needs
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Given the rapid growth in the use of IRIS and
UNAVCO facility support by the polar seismic and

Fig 3a: UNAVCO polar data holdings showing nearly 100,000 site days in the archive
(Dec 2011).

geodetic community over the past decade, what is
in store for the next 5 to 10 years? From a com-
munity perspective, simply maintaining the current
capabilities of IRIS and UNAVCO to support field-
based polar projects will not enable the facilities to
provide the level of support required for undertak-
ing new, groundbreaking field projects. Projections
that factor in the many broad, interdisciplinary, and 200
society-relevant science goals of the community
indicate that the demand for facility support over
the next decade will grow at a similar rate to the
past five years. It is clear that only with substantial
growth in facility support can the “remote sensing” 1000
of the polar regions using seismological and geo-
detic methods achieve its full potential for advanc-
ing the frontier of polar science.
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Fig 3b: Cumulative SEED data archived at IRIS DMC (GB) from polar stations.

Founded in 1984 with support from
the National Science Foundation, IRIS
is a consortium of over 100 US uni-
versities dedicated to the operation

I E [S of science facilities for the acquisi-
tion, management, and distribution of

seismological data. IRIS programs contribute to scholarly
research, education, earthquake hazard mitigation, and
verification of the Comprehensive Nuclear-Test-Ban Treaty.

The mission of the IRIS Consortium, its members, and
affiliates is to:

- Facilitate and conduct geophysical investigations
of seismic sources and Earth properties using seis-
mic and other geophysical methods.

- Promote exchange of geophysical data and knowl-
edge, through use of standards for network opera-
tions, data formats, and exchange protocols, and
through pursuing policies of free and unrestricted

data access.

- Foster cooperation among IRIS members, affili-
ates, and other organizations in order to advance geo-
physical research and convey benefits from geophysi-
cal progress to all of humanity.

IRIS membership comprises virtually all US universities
with research programs in seismology, and includes a
growing number of Educational Affiliates, US Affiliates, and
Foreign Affiliates. IRIS management is provided through a
small staff headquartered in Washington, DC. IRIS facil-
ities are primarily operated through member universities
and in cooperation with the U.S. Geological Survey. A gov-
erning Board of Directors and several standing commit-
tees provide IRIS with advice on managing its facilities.
Support for IRIS comes from the National Science Foun-
dation (including the EAR Instrumentation and Facilities
Program, EarthScope, and Office of Polar Programs), other
federal agencies, universities, and private foundations.



UNAVCO, a non-prof-

it university-governed
ﬂ consortium, facilitates

geoscience research
and education using geodesy. UNAVCO is a universi-
ty-governed consortium, an organization that is uniquely
positioned to advance and support geodesy communi-
ty science goals. In addition to over 100 US academic
members, UNAVCO supports more than 65 organizations
at home and abroad as associate members that share
UNAVCO’s mission and benefit from its programs and
services. Before incorporation in 2001, UNAVCO existed
under different organizational umbrellas for nearly two de-
cades as the University Navstar Consortium, then primari-
ly serving geophysicists and geodesists who study tecton-
ic deformation using high-precision GPS technology.

Over the last decade, UNAVCO’s scope has expanded
significantly, serving new science communities - including
those who focus on the deformation of ice, the Earth’s
response to ground water, sea level, and other aspects
of the hydrosphere, and renewed interest in imaging the
structure of the atmosphere. At the same time, the toolbox

UNAVCO

GNET cGPS Station “DGJG” in East Greenland -Courtesy UNAVCO.
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available to the science community and supported by UN-
AVCO has expanded to include many new geodetic tools:
advancing GPS towards mm-level global GPS geodesy and
to streaming high rate observations; borehole strain me-
ters and seismometers, expanded geodetic imaging using
LiDAR (Light Detection and Ranging) for Airborne Laser
Swath Mapping, INSAR (Interferometric Synthetic Aperture
Radar), and Terrestrial Laser Scanning, web services and
cyberinfrastructure. At the same time, GPS is finding ap-
plications in a frequency range that used to be the sole
province of seismology, as GPS moves from one solution
per day to one solution per second, with high precision.
These changes are part of a conscious strategy to meet
the future needs of the science community.

The UNAVCO Facility located in Boulder, Colorado pro-
vides science support through community coordination,
field engineering, data services, technology innovation,
and instrument testing, acquisition, and deployment. Fur-
ther, it supports state-of-the-art global geodetic infrastruc-
ture that is developed and operated through international
collaborations.

A FACILITY PLAN FOR POLAR SEISMIC AND GEODETIC SCIENCE



arctic’s (past, current and future) role in global sea

level change, climate, and tectonic activity is stressed
in both the NSF/OPP research goals and the National Re-
search Council report “Future of Science Opportunities
in Antarctica and the Southern Oceans” (National Acade-
mies Press, 2011). NSF funding for these research goals
through Pl-led projects and facility support produces both
scientific discoveries and technology advances. In this re-
search endeavor, IRIS and UNAVCO play an increasingly
important role in supporting the geodetic and seismolog-
ical polar communities; with their support, scientists are
uniquely positioned to obtain the key datasets required
for making major scientific breakthroughs in areas of ice
sheet dynamics and mass balance, solid earth structure
and deep earth processes.

IRIS and UNAVCO, working together with the science
community, support polar field operations using their re-
spective science observation platforms. As noted in Chap-
ter 1, progress optimizing these observing platforms for
polar conditions has generated growth in the scientific de-
mand for IRIS and UNAVCO support. Much of this demand
comes from interdisciplinary projects, which now domi-
nate platform use, and results directly from NSF support
of interdisciplinary research addressing high priority ques-
tions. Continued support in instrument development and
availability at the facilities will be needed to keep pace
with scientific demands.

Below, we outline some of the scientific motivations for
continued support of seismic and geodetic investigations
in the polar regions. Because this is a “facility plan”, as
opposed to a “science plan”, a comprehensive science
overview is not provided. Instead, a concise overview is
provided of major science topics driving the communities’
expanding interests in polar geodetic and seismological
projects, along with some of the most compelling science
questions.

2.1 Ice mass balance and sea-level

Sea level rise from enhanced ice sheet discharge (in-
cluding ablation, melt, and dynamic losses) is one of the
largest and most immediate potential consequences of
climate warming. Complete melting of the Greenland and
Antarctic ice sheets would raise eustatic sea level by over
60 m; however, the societal and economic effects of even
a modest rise in sea level would be disastrous, given that
600 million people live in coastal zones. Sea level change
over the last century, due to thermal expansion of the
ocean, enhanced river discharge, reservoir impoundment,
diminishing glaciers, permafrost, and aquifer pumping has

10

The importance of understanding the Arctic’'s and Ant-

I
led to a net global sea-level increase of 1.7 £ 0.5 mm/
yr (IPCC, 2007). The rate of sea level rise increased to
3.1 £ 0.7 mm/yr in the past decade, and is projected to
increase to ~4 mm/yr by 2090 under current emissions
scenarios (IPCC, 2007).

Current eustatic sea level rise predictions are based
on the balance between snow accumulation and surface/
basal melting and steady rates of ice discharge and do not
include changes in the dynamic response of outlet glaciers
due to climate warming (IPCC, 2007). Until recently, it was
thought that large ice sheets respond slowly (timescales
of >1000 years) to changes in external forcings (such as
air and ocean temperature, precipitation, and sea level),
but recent observations of large climate-driven changes
in ice sheet and glacier flow speeds in parts of Greenland
and Antarctica point to the need to include in sea level
predictions processes that operate much more rapidly.

In the past decade, ice sheets and mountain glaciers
have discharged ice into the ocean at a faster rate than at
any other time in at least the past 50 yrs. This increase
in mass loss is mainly attributed to changes in the flow
configuration of several large outlet glaciers in Antarcti-
ca and Greenland. During the past ten years Greenland’s
rate of ice loss has increased five-fold over that measured
for the last decade (1992-2002), and Antarctica’s has in-
creased by about 50%. A review of all of the space data is
now complete (Shepherd et al., 2012). However, the pres-
ent-day rates of change for mountain glaciers are large
(~50% Greenland; Jacob et al., 2012), and thus enhanced
understanding of these smaller glacier systems is also
essential.

Observations of thinning, retreat, and acceleration are
detected along most glaciers with negative mass balanc-
es, but the detailed mechanisms triggering these changes
are not well known. In several cases, changes in glacier
flow dynamics are a response to climate-related perturba-
tions at the seaward margin, although other mechanisms
related to changes in subglacial hydrology might also play a
role in speed increases. Obtaining a better understanding
of sea level change requires improved ice-sheet-ocean-at-
mospheric models and observations. Improved knowledge
of the physics governing outlet glacier flow and accumu-
lation variability is absolutely essential for improving the
input-output method of ice sheet mass balance.

Our understanding of glacier dynamics and mass bal-
ance has improved in the last decade, largely due to new
altimetry, radar interferometric and gravimetric satellites
and advances in ground-based technology. The most di-
rect method of determining mass changes over Greenland




and Antarctica is by space gravimetry. However, for this method to
contribute to our understanding of sea level change, knowledge of
vertical movements of bedrock in Antarctica and Greenland arising
from viscoelastic and tectonic processes is required. Translating
the uncertainties caused by the lack of observational control on
models of post-glacial rebound (the most probable source dominat-
ing large vertical motions) to sea level sourcing produces an uncer-
tainty of roughly 0.2 to 0.3 mm/yr. Modeling of ongoing isostatic
processes also requires knowledge of the upper mantle structure.

Consequently, GPS and seismic observations, made possible by
advances in field-deployment technology, are critical for improving
our understanding of ice sheet dynamics (Fig 4-6). These advances
include:

- The ability to collect continuous ground-based data year-
round (improved power generation through wind and solar), en-
abling more remote deployments.

- Remote site management and maintenance (improved iridi-
um capabilities), with significant, although limited, data return.

- Data acquisition at high-risk glacier margins (improved en-
closure design and instruments, reduced cost and better data
transmission).

- Coupled seismic and GPS observations.

Indeed, on-ice GPS and seismic measurements provide the tem-
poral and spatial resolution necessary for addressing many of the
key science questions. For example, GPS datasets can be used to
investigate the response of ice flow to tidal forcings, weather vari-
ability, subglacial and supraglacial water drainage patterns and ice-
berg calving events. These high-temporal resolution studies of ice
flow response are critical for obtaining new constraints on glacier
processes and ice sheet models. Seismic observations of glacier
events are now being used for a range of relevant studies including:
investigating ice shelf stability and disintegration mechanisms, as-
sessing tidal impacts on tidewater glaciers, the dynamic behaviors
of icebergs, characterizing sub-ice water flow and the transport of
water through and beneath glaciers (Figs 5).

Key science questions include:

- What are the dynamics of flow, accumulation and
mass balance from daily to decadal time scales, and
their impacts on sea level?

- How do we better correct space gravimetry for iso-
static rock motions to obtain ice sheet mass balance?

- What are the timescales of variability in ice dynam-
ics (seconds to decades) and how do these impact long-
term mass balance?

- How do atmosphere and ocean dynamics impact the
stability of ice shelves and floating ice tongues?

- What is the relationship between the configuration
of floating ice (ice shelf, ice tongue, sea ice-iceberg
mélange) and glacier flow speed and other dynamics?

- What is the role of the basal boundary in the flow of
glaciers and ice sheets?

+ How important is the formation and discharge of
subglacial lakes in ice sheet dynamics and mass bal-
ance?
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Figure 4: The relationship between glacier velocity at GPS
stations (~2 km to 20 km from the glacier front) and calving
events (from Nettles et al., 2008). (a) Average daily along-
flow speed for GPS stations on the surface of Helheim Gla-
cier. The slower-moving GPS instruments are ~20 km from
the glacier front; the faster-moving units are within a few km
of the terminus. (b) Cumulative change in glacier area with
respect to total area on day 180. Rapid changes towards
more negative values indicate large calving events (derived
from MODIS imagery). (c) Short-period (200-4000 s) vari-
ations in water height near the end of the Helheim fjord
with respect to the average water level. Times of large glacial
earthquakes are indicated by orange bars (three events on
days 189-190, one event on day 207, one event on day
225); smaller earthquakes are indicated by gray bars. The
earthquakes correspond to large calving events.
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Figure 5: On the Left: Gordon Hamilton deploys a kinematic GPS receiver on Helheim Glacier, East Greenland (photo courtesy of Greenpeace). On the
right: co-located seismic- GPS installation in the fast flow zone of Yahtse Glacier, Alaska.

t=45s t=6.0s t=7.4s t=89s t=94s
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Figure 6: Video stills of calving event “Bloc” at the terminus of Yahtse Glacier, unfiltered seismic waveform and spectrogram of waveform. Terminal cliff
is approximately 60 m tall. Event has an observer magnitude of 3 and a 18298 nm /s maximum ground velocity on the vertical channel of BOOM. In
the first two panels from video, the top of the major detached block is outlined with red dashed line. Ice associated with the calving event is observed
to begin falling at UTC 7 Sept 2010 22:13:50.3 (T=0). The time of each video panel is identified in seconds relative to t=0 and marked on the seismic
data by vertical red ticks at the top of the waveform and bottom of the spectrogram. Seismic data has been shifted forward 0.95 s to correct for seismic
wave travel time. The spectrogram presents the velocity of the sensor (in dB) as a function of frequencies between 0.5 and 50 Hz, as a function of time
(From Bartholomaus et al, 2012).




The integration of GPS and seismic instrumentation
also fosters novel multidisciplinary research. For instance,
recent calving of giant tabular icebergs from the Ross and
other ice shelves has spurred interest in the deployment
of seismographs on large floating ice bodies to address
fundamental questions associated with iceberg-iceberg
and iceberg-sea-floor collisions (MacAyeal et al. 2008;
Martin, Drucker et al. 2010) and with ice shelf stability and
proposed disintegration mechanisms. Additional recent
and novel research has centered on using floating seis-
mometers, in consort with land-sited systems, as wave
state sensors to assess wave effects on Earth’s largest
floating ice bodies and temporal trends in extreme wave
events and their effects on tidewater glacial and coastal
systems (MacAyeal, Okal et al. 2006; Okal and MacAyeal
2006; Aster, McNamara et al. 2008; Wiens, Anandakrish-
nan et al. 2008; Aster et al. 2010; Bromirski et al. 2010)
and to identify wave events generated by regional calving
(MacAyeal et al. 2009). In addition, seismographs have
recently been shown to function usefully as strainmeters
and ocean state sensors. Seismic noise from sub-ice wa-
ter flow furthermore potentially offers unique information
regarding the transport of water through or beneath glacial
systems, which, for marine-based systems, is one of the
most elusive processes involved with glacier instability.

Collocated on rock, GPS and seismic stations are also
of great importance to advancing understanding of ice
mass balance by providing critical constraints on models
of post-glacial rebound (or glacial isostatic adjustment:
GIA) (Fig 7). Understanding the GIA correction to GRACE
and altimetry-based satellite mass loss estimates is es-
sential for constraining ongoing ice mass loss.

Models of GIA are based on two types of inputs, name-
ly an ice history (when, where and how much ice mass
change occurred from the Last Glacial Maximum to pres-
ent), and mechanical layer thicknesses and rheologies gov-
erning viscoelastic response of the solid earth. Substan-
tial unknowns in both of these GIA model inputs results in
marked differences in predictions of the distribution and
amplitude of crustal motions due to GIA (e.g., Peltier, 2004;
Simon et al., 2010; Whitehouse et al., 2012). The viscous
response (which constrains mass change since the Last
Glacial Maximum), the transitional viscoelastic responses
that are sensitive to the last 100 to 1000 years of ice
load, and the immediate elastic response to present-day
ice load changes, can all be modeled and understood by
incorporating data from continuous GPS measurements.
Seismic images of earth structure are correspondingly
needed for GIA studies to constrain mantle viscosity and
the elastic thickness of the lithosphere.

2.2 Solid earth structure, tectonics and ice sheet
stability

Polar continental regions represent important elements
of the global plate tectonic circuit and contain cratonic
cores that have been a part of this system since the Ar-
chean. Antarctica and Greenland also constitute clima-
tologically key regions where Earth’s major ice sheets
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Fig. 7: Observed vertical velocity field from campaign GPS and auton-
omous GPS stations in West Antarctica compared with the predictions
of ice sheet model ICE-5G (green contours in mm; Peltier 2004). Open
green circles show sites where existing data are insufficient to constrain
uplift. The misfit between the ice model predictions and observed uplift
indicate the necessity of revising ice mass change estimates in associa-
tion with improved mantle rheological models (modified from Bevis et al.,
2009). Red arrows show velocities to scale and red rectangles indicate
errors.

interact with both ongoing geodynamic processes and in-
herited tectonic features. These processes determine the
topography, heat flow, and hydrology that control the evo-
lution of polar glacial and meteorological systems through
recent earth history. However, due to the size and thick-
ness of the Antarctic and Greenland ice sheets, little is
constrained about the geologic composition and tectonic
history of Antarctica and Greenland, except via geological
studies around the continental margins and along some
mountain fronts where outcrops are exposed.

Modeling seismic and GPS observations collected at re-
mote stations draws on a rich array of methods developed
on other continents, and is one of the best ways to deter-
mine present structures and processes and to infer the
past evolution of these key continental regions. For exam-
ple, in Antarctica, polar ice sheets are thought to have first
formed in the Gamburtsev Subglacial Mountains, near the
center of the continent, yet the history and tectonic na-
ture of this mountain range have been totally unknown.
Observations carried out by a network of seismographs
deployed during the International Polar Year (2007-2009)
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have recently revealed that the lithosphere beneath
the mountains dates back to the Precambrian (> 550
Ma), and that the elevation of the mountain range is
supported by a buoyant, thickened crust, as opposed
to the mantle (Fig. 8). This shows that the mountains
pre-date Cenozoic glaciation and have formed a key part
of Antarctica’s paleogeography for hundreds of millions
of years.

In contrast to cratonic East Antarctica, West Antarcti-
ca has undergone widespread Mesozoic and Cenozoic
tectonic activity, with recent and active volcanism found
at several locations near Ross Island (Mt. Erebus) and
in Marie Byrd Land. The Transantarctic Mountains (TAM)
extend approximately 3500 km across the continent,
and represent the only transcontinental mountain range
in the world whose origin cannot be linked to plate col-
lision. Active extension along the West Antarctic Rift
System (WARS) began in the Mesozoic and may be con-
tinuing at a very slow rate today. Seismic tomography
images, constructed with data obtained from seismic
networks, reveal very slow upper mantle velocities be-
neath the WARS that suggest continued mantle-driven
tectonism (Fig 9). Antarctica thus provides a number of
excellent opportunities to advance our understanding of
globally important geodynamic processes, such as cra-
ton formation, continental rifting and volcanism, plateau
uplift, and mountain building. In addition, understanding
the motion between tectonic blocks within West Antarc-
tica could be important for explaining discrepancies in
the global plate motion circuit.

Key science questions include:

What is the role of topography, heat flow, geology,
and geomorphology in the initiation and dynamics of
ice sheets?

What are the thermal and rheological properties
of the upper mantle and what are their influences on
glacial isostatic adjustment?

What are the origin and history of major mountain
ranges?

What is the history of tectonic extension, erosion,
and volcanism in West Antarctica and its influence
on ice sheet development?

What is the role of the Iceland mantle plume in
Greenland’s tectonic and glaciological history?

What is the geothermal heat flux beneath earth’s
ice sheets?

How is sediment transported beneath and
around the ice sheets?

Important questions of tectonic evolution and litho-
spheric development also remain unanswered in Green-
land. Much of the continent was assembled in the
Archean and early Proterozoic, with Himalayan-scale de-
formation occurring in the East Greenland Caledonides
during the early to mid-Proterozoic. The inland extent
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Figure 8: Results from AGAP/GAMSEIS showing seismically fast mantle struc-
ture and thickened crust under the Gamburtsev Subglacial Mountains (GSM).
(a) BEDMAP elevations across the GSM and GAMSEIS station locations. (b)
P wave tomography image from Lloyd et al. (2011). The blue line shows ice
elevations, and the black line shows bedrock elevations. (c) Crustal thickness
estimates from modeling S-receiver functions (Hansen et al., 2011) showing
>10 km of crustal thickening under the GSM. The red line shows crustal thick-
ness estimates from Hansen et al. (2009) using TAMSEIS data. VSH= Vostock
Subglacial Highlands.
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Figure 9: Mantle structure of West Antarctica and adjacent parts of East Antarctica from Rayleigh wave tomography using POLENET/
ANET, AGAR, and TAMSEIS data [Heeszel, 2011]. The West Antarctic Rift System is characterized by slow velocities indicating high

mantle temperatures, whereas East Antarctica shows fast velocities indicating thick cold continental lithosphere.

Deeper slow ve-

locities beneath the Marie Byrd Land dome may indicate the upper extent of a mantle plume.

of the Caledonide deformation is poorly known, as are
probable contrasts in lithospheric strength and compo-
sition at sutures between cratonic blocks. The Iceland
hotspot is believed to have initiated either under Green-
land or under the present-day Alpha ridge in the Arctic
Ocean, with Greenland then passing directly over the
hotspot; either scenario is likely to have affected the na-
ture of Greenland’s lithosphere and associated heat flux.
The nature of the hotspot interaction with Greenland is
unknown, and can only be revealed through the ice sheet
by geophysical means. The answers to these questions
have important implications for tectonics, processes of
craton formation, ice-sheet development, and the mod-
ern-day lithospheric response to ice-mass loss.

The relevance of solid earth structure and tectonics
to ice sheet dynamics and sea-level rise is clear. Geody-
namic and tectonic processes in Antarctica and Green-
land have strongly influenced the history and evolution
of polar glaciation and climate through first order effects
on geothermal heat flux, lithospheric strength, mantle
viscosity and tectonic geomorphology. Understanding
geodynamic processes at high latitudes is important for

determining present-day conditions and for predicting the
future behavior of ice sheets. Isostatic rebound modeling
requires good knowledge of lithospheric and asthenospher-
ic thicknesses and mantle viscosity (e.g. Ivins and James,
2005). Coupled ice-sheet climate models (e.g. DeConto
and Pollard, 2003) require estimates of sediment thick-
ness at the base of the ice sheet, which can lubricate the
ice-rock interface. In particular, high heat flow could pro-
duce sub-ice water that reduces bed friction, and may aid
the formation of subglacial lakes. New and denser seismic
and GPS data are critical for advancing our knowledge of
solid earth structure and tectonics in polar regions and
consequently vital to understanding ice sheet stability and
sea level rise.
2.3 Deep Earth Structure and Processes

Seismic instrumentation in polar regions is also facilitat-
ing studies of the deep planetary interior that have previ-
ously been precluded by sparse station coverage at high
latitudes. One example is inner core structure, for which
polar recordings are crucial due to the approximate align-
ment of the fast axis of inner core seismic anisotropy with
the Earth’s spin axis (e.g., Sun and Song, 2002). As shown
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Mt Paterson, Antarctica: Joint IRIS/UNAVCO POLENET station in Antarctica.

inner core anisotropy.

in Fig. 10, PKIKP (or PKPdf) phases recorded in Ant-
arctica often show large travel time anomalies due to
In this case the anomalously
fast PKIKP arrival times can be fit by a structure in
which 3% polar-alighed anisotropy occurs in the out-
ermost inner core beneath southern Africa. Networks
of seismographs in polar regions will allow these and
other variations in deep earth structure to be mapped
out and studied in much greater detail than is currently
possible.

Key science questions include:

- What is the 3-D distribution and variability
of seismic anisotropy in the inner core?

- What is the nature of the lower mantle
and core-mantle boundary in the far southern
hemisphere?

- Are there Ilower mantle anomalies
that correlate spatially with plateau uplift,
volcanism, and rifting in Antarctica, linking
Antarctic tectonics to deep mantle dynamics?
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Fig. 10: PKP phases (from an earthquake on Apr. 25, 2009) sampling the top 100 km of the inner core beneath southeast Africa, recorded
at POLENET and AGAP seismic stations. The waveforms are aligned with the inner core reflection PKiKP (black line). Blue line shows the
prediction of inner core traversing PKIKP arrivals from the standard AK135 model. The actual arrival times of PKIKP (red line) are far ahead
of predictions and can be fitted by a new model that has 3% anisotropy near the top of the inner core. (Right) Figures showing the PKP
ray paths (from Sun et al., 2010).
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n this chapter, the current capabilities and governance
I of UNAVCO Polar Services are described and examined

in light of the projected growth in the need for facility
support (see Chapter 1). Recommendations are made to
address challenges arising from supporting past and cur-
rent projects, in addition to challenges from increasing de-
mands for facility support. These recommendations pro-
vide guidance on the support required to meet community
needs for polar facility services, and on the management
and governance of those services. An abbreviated com-
pilation of the challenges and recommendations can be
found in the executive summary.

3.1 Overview of UNAVCO Polar Services

UNAVCO has a long history of supporting polar projects
with geodetic instrumentation and engineering services.
The 1995/96 Antarctic field season was the first season
that the NSF Office of Polar Programs directly funded UN-
AVCO to provide full scale high precision differential GPS
support to the United States Antarctic Program. Funding
was received via supplements to UNAVCO’s grant host-
ed by UCAR in Boulder, Colorado. The projects supported
included GPS surveying of sampling locations, augmen-
tation for aircraft navigation, campaign measurement of
ice streams and creation of topographic maps of ice and
rock features. Resources deployed numbered some dozen
GPS receivers and two UNAVCO field engineers to provide
technical and logistical support, data processing services,
and Pl and student training. Although some early work was
done in Greenland in 1987, Pl project support began in
earnest in Arctic regions in 2002.

With the establishment of UNAVCO as an independent,
non-profit, university-governed consortium in 2002, OPP
Arctic and Antarctic funding began to be included in UNAV-
CO’s 2003-2007 core Cooperative Agreement. The polar
support program grew in scope with the increasing num-
ber of funded PI projects, and the availability of a grow-
ing number of polar field-worthy campaign units in the
UNAVCO pool. Science problems were also identified that
required precise observations for longer periods of time.
The next significant leap came with the International Po-
lar Year (2007-2009). In conjunction with the UNAVCO/
IRIS NSF MRI project “Collaborative Research: Develop-
ment of a Power and Communication System for Remote
Autonomous GPS and Seismic Stations in Antarctica”
(hereafter referred to as the MRI power/comms project),
technologies were developed that allowed for the first
time year-round operation of GPS receivers for a range
of new applications, including tectonics, measurement of

=
:I |

the response of the crust to glacial isostatic adjustment,
and time-varying ice dynamics. The IPY POLENET project
(ANET and GNET and related projects) resulted in growth
in the number of continuously operating GPS (cGPS) re-
ceivers from a few cGPS survey base stations in 2006 to
the current 120 in Greenland and Antarctica. In addition,
over 60 systems (cGPS and power) have been constructed
by UNAVCO and deployed for longerterm installations by
UNAVCO engineers or by Principal Investigators and their
teams trained by UNAVCO staff. The growth in number and
complexity of support is reflected in the fact that the num-
ber of UNAVCO pool GPS instruments in campaign and
longerterm deployments has grown from 25 in 2002 to
325in 2012.

An additional instrument was added to the geodetic
toolbox with the acquisition of the OPP-funded Terrestrial
Laser Scanning (TLS) System for Polar Research. This in-
strument, with GPS registered targets, gives the capacity
to acquire millions of geo-located 3-dimensional points for
determining ice and land surface topography and shape
and their change over time. This technology has been
embraced by the research community and has become a
full-fledged part of UNAVCO PI support. As has been the
practice, EAR shares resources with the OPP program, and
the five EAR-funded TLS instruments are loaned for use
with OPP projects when available.

The increase in scope of UNAVCO-supported OPP re-
search has led to a steady increase in staffing. Current-
ly UNAVCO has seven technical staff dedicated to OPP
support providing project management, field engineering,
development and testing, operations and maintenance of
networks, data archiving and curation, and instrument sup-
port. Following a recent reorganization, the polar project
staff now work in the newly formed Geodetic Infrastructure
group, providing more synergism with other UNAVCO field
programs and better ability to relieve staffing pressure
through cross training.

3.2 Current Structure/Organization

Within the UNAVCO Facility, there is a specific group
tasked with managing the large NSF-OPP pool of GPS,
LiDAR and ancillary equipment, and supporting scientif-
ic studies in the Arctic and Antarctic. The Polar Services
Group provides end-to-end support to funded investiga-
tors, and is led by a Project Manager, currently Joe Pettit.
Most of the day-to-day tasks are shared among the group’s
staff members, except for equipment preparation/mainte-
nance and field TLS support, both of which have a dedicat-
ed FTE (Full-Time Equivalent). Support tasks and their FTE
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Project management

Technician Support
(Equipment preparation, maintenance)

Engineering Support
Network support
Continuous GPS projects
Community base stations
Campaign GPS projects
TLS support
Development and testing

Data management
(Downloading and archiving, metadata,
software support)

TOTAL

1.0

1.0

475+ .5
.15+.25%
75
.25
1.25
1.25
.5+.25*

0.25

7+0.5

Table 1: Tasking and FTE (Full-Time Equivalent) allocations for the UNAVCO Facility Polar Group. Asterisk denotes staff time contributed from
outside the Polar group for field deployments as well as general development and testing support related to GNSS technology.

3.3 Summary of Key Services
The scope of UNAVCO Facility Polar Services can be

divided into three major elements: continuous stations,

campaign deployments, and equipment development

and testing.

Continuous stations are defined here as those which

remain deployed for at least one year, including:
Networks: A network is a set of sites with an ex-
pected lifetime of more than 3 years, a science
Pl, and for which UNAVCO has primary O&M (op-
erations and maintenance) responsibility. Both
office and field support staff are involved in sup-
porting these networks, which include approxi-
mately 120 stations within the ANET, LARISSA,
Erebus, WISSARD, and GNET networks.
Continuous GPS (cGPS) and power systems: This
category includes continuous cGPS stations,
which do not fit within the definition of a network,
as well as power systems provided to Principal In-
vestigators for non-GPS instruments. Such proj-
ects often require modest amounts of custom
engineering or integration activity. The annual
load is approximately nine projects per year, with
an average of four systems per project. About 60
pool receivers are currently required to support
this function.
Community base stations: Support for communi-
ty base station systems has been a successful
and efficient service to local science communi-
ties at several polar research stations for over
a decade. The following research sites currently
have UNAVCO-supported systems: Antarctic sites
at Palmer Station, McMurdo Station, South Pole
Station, Lake Hoare, and WAIS Divide; Alaskan
sites at Barrow (BASC), Atgasuk, and Toolik;

Summit Station in Greenland.

Data handling and archiving services: Successful
execution of long-term base station projects re-
quires a moderate level of attention to data flow
and archiving tasks. Although polar personnel
perform some of these functions, there is also
leveraging of the existing UNAVCO data center in-
frastructure to support polar projects. While the
data center has not historically been funded by
OPR it is a service UNAVCO provides for the bene-
fit of polar Principal Investigators. Short-term de-
ployments (below) also utilize the UNAVCO data
center to a lesser degree.

Campaign deployments are defined here as those
which occur over the course of one Arctic or Antarctic
field season. These include:

Campaign GPS projects. Traditional campaign
projects involve shortterm deployments of GPS
receivers, surveying activities, data processing,
and training for Pl groups. These projects have
remained steady at about 30 per year. However
the average number of receivers per project has
grown substantially, and over 140 pool receivers
are now required to support this function.

Ground based LiDAR, or Terrestrial Laser Scan-
ning (TLS). Since the acquisition of the Optech
ILRIS36D scanner, polar TLS applications have
grown steadily; with a current average of 12 PI
projects supported per year. This growth is at-
tributed to several factors, including a raised
level of community awareness for potential ap-
plications of TLS, availability of support from the
UNAVCO Facility as a result of NSF investment,
and scanning instrument improvements, which
allow for better results at a faster pace. TLS proj-



ects tend to be time intensive due to the complexity
of the instrument and the data post-processing. Fu-
ture demand growth is estimated at a minimum of 2
projects per year for the foreseeable future.

Equipment development and testing is also provided by
UNAVCO Polar Services, including:

Ongoing incremental technology developments that
are performed as part of UNAVCO’s core services
to the PI community. These developments are in-
tended to accommodate modest improvements in
systems design, and to respond to component ob-
solescence and other inevitable issues that require
engineering attention.

Major technology developments that are also within
the capability of UNAVCO Polar, as in the successful
completion of the remote stations MRI project with
IRIS PASSCAL. For this type of development, ded-
icated funding and allocation of resources above
and beyond our core level of support are required.

The current UNAVCO Facility Polar instrumentation pool
is shown in Table 2, including the estimated baseline level
recommended through the next Cooperative Agreement
performance period of 5 years. The pool has grown to this
level in response to project demand, as there have been
more projects deploying larger nhumbers of instruments
for longer durations in both the Arctic and Antarctic.

3.4 Facility Support

In this section, specific aspects of facility support pro-
vided by UNAVCO Polar Services are described. The sec-
tion is divided between continuous stations, campaign de-
ployments, and equipment development. For each area,
the services provided are reviewed, the challenges in pro-
viding the level of support desired by the community are
discussed, and recommendations are made to address
those challenges.

Some recommendations, however, are more general
and universal to UNAVCO polar support, and are present-
ed first.

Recommendations
« Itis critical to maintain a capable, well-trained sup-
port team to meet the existing and future demands of
NSF-OPP funded projects. To provide adequate sup-
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port now and into the future, while avoiding inefficient
fragmentation of responsibilities, it is recommended
that additional UNAVCO personnel be assigned to
support polar projects. Increased staffing is central to
maintaining the existing strengths within the group as
well as meeting the challenges of future projects.

- Increase the level of cross training within and be-
tween Facilities, on three fronts.

1) Better distribute technical knowledge among
members of the UNAVCO Polar Services group.
Greater redundancy must be achieved by a tar-
geted broadening of skill sets among the group
so that critical knowledge does not reside with a
single person.

2) Enhance cross training within the broader
UNAVCO facility. In recent years this has improved
the utilization of existing personnel, for example
allowing UNAVCO Plate Boundary Observatory
engineers to deploy to Antarctica. Such efforts
should be continued.

3) Foster knowledge sharing between the UN-
AVCO and IRIS Facilities. The Facilities often work
closely in the field, including logistics sharing, and
there have been numerous instances where IRIS
field engineers have contributed significantly to
UNAVCO fieldwork, and vice versa. Improved cross
training on equipment will ensure that field teams
can optimize field operations, capitalizing on all
such opportunities when they arise.

- Create enhanced training materials and make
them available as a resource to the community. Train-
ing sessions at UNAVCO and in the field, along with
written instruction manuals, have greatly enhanced
the ability of PI field teams to successfully execute
field instrumentation projects. However, a broadening
and standardization of training materials, including
online distribution, will further increase confidence
and efficiency of field team operations.

- An improvement in long-term storage and staging
space at field logistics hubs is needed, in particular
at McMurdo Station. The amount of time spent re-
organizing, repacking, and redistributing hardware

Continuous Stations
Network nodes 120
cGPS (standalone/ 60
Community Base Stations 10
Campaign GPS Receivers 130
LiDAR 0

* *
60 5/yr
15 1/yr

150 10/yr

2 n/a

Table 2: The UNAVCO Facility Polar Instrumentation pool enumerated by equipment type and function. Asterisk indicates that the requirements for
network receiver acquisition and attrition/replacement are captured in science proposals.
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Fig 11: UNAVCO engineer moves
standalone continuous GPS station

20

to the surface at Coulman High.

sometimes exceeds 25% of the field team effort.
A larger amount of dedicated, long-term staging
space for geophysical field projects is needed to
improve efficiency of fieldwork and reduce wasted
time.

3.5 Continuous stations

3.5.1 Services provided

UNAVCO Polar Services is tasked with a significant
level of responsibility for approximately 180 contin-
uous stations throughout Antarctica and the Arctic,
including networks, continuous GPS and power sys-
tems, and community base stations. Responsibilities
involve planning and budgeting, purchasing, construc-
tion, configuration and testing, assistance with logis-
tics planning, shipping and staging, field deployments,
data flow monitoring, metadata management, data
archiving, documentation, and training of Pl science
groups. Providing these services for continuous sta-
tions is now one of the core competencies of the Polar
Services group at the UNAVCO Facility.

For remote autonomous GPS stations, the central
design originated from the MRI power/comms project.
The resulting stations combine solar, wind, and bat-
tery power with Iridium satellite communications to
create a system of proven reliability that meets the
challenges of continuous data collection in extreme
environments.

Notable achievements of the services provided in-
clude the following:

1) Year-round operation of remote GPS stations is
now commonplace. For stations equipped with com-
munications, mean time between failures (MTBF) now
exceeds 2 years, and overall data return has averaged
88% from 2006 to present.

2) Strong coupling exists between Pl science objec-
tives and the hardware products delivered. Systems
are provided which are appropriate to the requirements
of the scientific instrumentation (power consumption,
remote communications, necessity of uninterrupted
year-round data recording), logistical constraints (size,
weight, method of deployment), and environmental
conditions (snow/ice or rock surface, duration of win-
ter darkness, minimum temperatures, maximum wind
speeds).

3) Modularity and scalability are features of the sys-
tem designs. A variety of power generation and pow-
er storage components, enclosures, and mechanical
assemblies are available. This allows construction of
systems of diverse size, weight, power, and operation-
al requirements without a complete redesign.

4) Remote communications enable better and more
rapid scientific results, and assist greatly with plan-
ning of field operations logistics. At stations equipped
with communications, approximately 75% of available
data has been retrieved remotely.

5) Since reliable power and communication plat-
forms for remote instrumentation are now available
as a service from the Facilities, opportunities for en-
hanced projects and better efficiencies are offered to
science Principal Investigators, especially those new
to remote polar instrumentation projects.

6) These instrumentation platforms are adaptable
to instruments other than GPS receivers. At present,
UNAVCO has supplied power systems for ~10 such
stations, including weather and camera systems,
ozone sensors, and ocean temperature instruments.

3.5.2 Challenges

A number of significant challenges have been iden-



tified to providing improved services for continuous sta-
tions.

1) Fulfilling commitments to PI projects with delivery of
high quality, fully tested instrumentation systems while
simultaneously pursuing technological developments and
propagating them to existing stations is difficult with the
existing staffing.

2) A similar challenge arises from simultaneously main-
taining large networks and infrastructure in a systematic,
structured fashion while remaining agile and responsive
enough to support smaller and newer cutting-edge PI proj-
ects.

3) Lengthy field seasons in demanding conditions put a
great deal of strain on the UNAVCO engineers each year.
UNAVCO has made headway in limiting the length of field
deployments, training other engineers internally, and train-
ing members of the Pl field teams, but there is still a heavy
burden put on the primary UNAVCO polar engineering
team. Expanding technical capability beyond a critical few
requires that cross-training is examined in every practical
way, in particular among members of the UNAVCO polar
group but also between members of GPS and seismic field
teams.

Recommendations

+ Support the UNAVCO Facility to maintain a lim-
ited stock of strategic long-lead time items. This
greatly reduces preparation time and enhances the
Facility’s ability to rapidly respond to projects, which
are approved and/or funded a short time before
deployment is required.

- Extending project award cycles for field deploy-
ments to four or five years from the current typical
three years would ensure adequate preparation be-
fore equipment is deployed to the field, increasing
the chances for success.

+ UNAVCO should continue to maintain a state of
the art pool of equipment suitable for polar applica-
tions to address equipment obsolescence and at-
trition, technology advancements, and specialized
polar science requirements.

3.6 Campaign deployments

3.6.1 Services provided

UNAVCO Polar Services provides a steadily growing level
of campaign GPS and TLS support to Pl projects. Here,
the term “campaign” refers to deployment of equipment
during a single Antarctic or Arctic field season. Such proj-
ects may require field GPS surveying, portable differential
GPS systems, arrays of autonomous GPS systems de-
signed to operate unattended all summer, and TLS scan-
ning and geo-referencing of land and ice features.

Support to campaign projects can be extensive, includ-
ing engineering design, training, field planning assistance,
equipment preparation, system fabrication and shipping,
equipment testing and staging, direct field support, and
data processing/archiving. In many cases the engineering
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team will work with a project from initial proposal sup-
port through final data archiving. During an Antarctic field
season, up to five UNAVCO engineers may deploy on an
overlapping schedule to better enable efficient support
for campaign projects.

Campaign GPS projects are steady at about 30 per year,
however the average number of receivers deployed per
project has grown substantially. Currently about 140 pool
receivers are required to support this function. Various
equipment types are in use, including Trimble R7/5700
series, Trimble NetRS and Trimble NetR9 receivers.

In 2007 UNAVCO added Terrestrial Laser Scanning (TLS)
to its capabilities with the purchase of one Optech laser
scanner. This NSF-OPP owned LiDAR was purchased with
MRI funding as a pilot project, and demand for LiDAR data
acquisition has since expanded TLS into a core service
provided to NSF-OPP investigators. Campaign TLS proj-
ects currently number an average of twelve per year, with
steady growth in demand expected in the coming years.

The OPP-owned Optech unit has reached obsolescence,
however four additional TLS scanners have been pur-
chased by UNAVCO EAR, with a fifth unit shared with a
member institution. These resources are currently shared
with the Polar group, however scheduling conflicts are be-
ginning to materialize as the popularity of this service ex-
pands. UNAVCO Polar will propose to acquire two modern
ground based LiDAR units to continue the current level of
support while meeting potential growth in demand. Two
instruments are required to provide a backup capability
in the event of instrument failure in the field to minimize
risk to projects.

Notable achievements of the services provided include
the following:

1) The UNAVCO campaign GPS equipment pool is rug-
ged and versatile. Many aspects of these systems were
recently redesigned, and at present the enclosures, re-
ceivers, antennas, and solar power systems (where need-
ed) are more reliable than ever.

2) UNAVCO Polar Services provides and maintains GPS
post-processing software for internal use as well as ex-
ternal use by science groups. Also, on a limited basis
UNAVCO Polar Services can deliver complete processed
GPS data sets to Pl groups.

3) The TLS instruments have been proven to operate in
polar environments. The TLS data sets, geo-referenced
using ancillary GPS equipment, provide a powerful new
capability for polar researchers.

3.6.2 Challenges

A number of significant challenges have been identified
to providing improved services for campaign deployments.

1) To adequately support NSF-OPP projects, campaign
equipment must be moved between the Arctic and the
Antarctic in field seasons that are overlapping to a great-
er and greater degree. These projects have grown in size
and complexity over recent years and require more time
up front and in the field to properly execute. A significant
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challenge for the campaign GPS pool is maintaining
sufficient inventory to support Arctic and Antarctic proj-
ects while minimizing the need to constantly ship re-
ceivers and equipment between polar regions.

2) Individual projects have different requirements
for power and enclosures, e.g., depending on deploy-
ment method, duration of the deployments, whether
or not the equipment will operate attended or unat-
tended, and the environment in which they are being
used (snow/ice or rock). An ongoing challenge is to
maintain an adequate and flexible inventory of compo-
nents to execute a wide range of campaign projects,
while ensuring the power systems and enclosures are
compatible with the different receiver models in the
pool. UNAVCO has partially met this challenge by en-
gineering off the shelf solutions that fit the majority of
project requirements. That said, there are still many
unique project requirements that require significant en-
gineering time.

3) Maintaining solid technical competence in GPS
survey methods and data processing techniques is es-
sential.

4) Trimble R7 and 5700 receivers are still heavily
used in campaign GPS work, especially for kinematic
survey tasks. However these receivers are no longer
manufactured and the pool of these receivers is in-
creasingly showing their age. On many occasions, use
of newer receivers such as the Trimble NetR9 is impos-
sible or not practical; therefore a new pool of receivers
suitable for kinematic work is needed.

Recommendations

+ Acquire two state-of-the-art terrestrial scanning
instruments with the capabilities to meet science
requirements identified by polar investigators, in
order to satisfy the current demand and decrease
dependency on NSF-EAR owned equipment.

- Improve the infrastructure associated with TLS
operations to achieve parity with the GPS services
that UNAVCO provides. This includes providing ded-
icated equipment, archiving, and ancillary services
to polar Pls. If other emerging technologies are un-
dertaken by UNAVCO, for example radar, it is rec-
ommended that a similar level of full and complete
support be provided.

+ Continue to refresh knowledge of GPS opera-
tions and surveying methods, and data post-pro-
cessing among UNAVCO Polar Services personnel.
Enhancing the training materials available to Pl sci-
ence groups is also recommended, as described
above.

+ As campaign GPS projects increase in scale,
and as Antarctic and Arctic science field seasons
lengthen and increasingly overlap, an ideal model
would be maintaining separate pools of equipment
for Antarctic and Arctic use. Although funding lev-

els may not allow this, an intermediate solution would

be to acquire enough systems such that repairs and

updates are allowed during austral and boreal winter
seasons instead of immediately returning systems to
the field.

3.7 Equipment development

3.7.1 Services provided

In collaboration with IRIS and a team of experienced
Pls, UNAVCO successfully completed the MRI power/
comms project aimed at improving power and commu-
nications for continuous GPS stations, with all design
goals achieved. Results of this project have greatly fa-
cilitated a wide array of Pl projects, which required year-
round continuous GPS data, including the large IPY PO-
LENET initiative.

Since completion of this project, technical develop-
ment has continued on an incremental level as part of
the core services provided by UNAVCO. Examples of tech-
nical products delivered include wind turbines and charge
control systems capable of operating in polar regions, ad-
vanced Iridium communications systems (in partnership
with Xeos Technologies), a variety of mechanical systems
optimized for use in diverse polar environments, formal
handling of system metadata, and integration of select-
ed non-GPS instruments. The power and communication
systems are well documented, including instruction man-
uals and an online repository of technical information,
available at www.unavco.org/polartechnology.

A second NSF-OPP MRI project was completed in 2007,
in which a TLS scanner was acquired to ascertain suit-
ability for use in the polar regions. During the course of
this project, numerous technical issues were resolved
and successful demonstrations with this instrument
were achieved with several polar deployments. Since that
time TLS scanning has become part of the core services
of the polar group.

ANET ¢GPS station “BENN” in West Antarctica - Courtesy Jeremy Miner.



In collaboration with funded science groups, a “sensor
web” concept was successfully developed and demon-
strated in recent years. A small network of low-cost, rap-
idly deployed, solar-powered GPS units was deployed on a
Greenland glacier, in an area presenting high risk of equip-
ment loss. Data was telemetered using a point-to-point
radio network to receiving stations on nearby bedrock,
where it was downloaded using Iridium to the UNAVCO
facility. This innovative technology holds promise for re-
searchers seeking acquisition of data sets from similar
“high risk” areas.

Advances in lridium communications, through invest-
ments and collaboration with Xeos Technologies, have
been made during the initial MRI project and subsequent
incremental efforts. These devices have demonstrated
significant advantages over off-the-shelf Iridium communi-
cations hardware, and are now being fielded with increas-
ing frequency as replacements for historically failure-prone
communications equipment.

UNAVCO has also redesigned much of the Campaign
GPS equipment pool, resulting in improved performance
and usability.

In addition, UNAVCO Polar Services maintains a high pro-
file among the community of polar technology developers.
Technical consultation with researchers and developers is
a relatively common occurrence, with valuable information
exchange in both directions. Members of the polar group
have also been active participants in the Polar Technology
Conference, serving on the steering committee as well as
hosting the conference.

Notable achievements of the services provided include
the following:

1) A collaborative spirit exists within UNAVCO Polar Ser-
vices, resulting in significant technical advances. For ex-
ample, past and present work with IRIS has increased the
ability of PI projects to acquire more extensive and rich
geophysical data sets. Also, a prototype project with the
Automatic Weather Station group has demonstrated the
ability to integrate a true polar-capable weather station
with a standard UNAVCO polar GPS station. Finally, a joint
project with Lamont-Doherty Earth Observatory and other
PI collaborators produced a successful “sensor network”
of quick-deploy GPS systems for hazardous on-glacier lo-
cations, with a data telemetry link to UNAVCO.

2) Systematic and rigorous testing procedures for equip-
ment prior to deployment has improved data return.

3) Sustained support from professional engineering
staff has allowed long-term development of polar technol-
ogies, resulting in mature, reliable instrumentation sys-
tems available to polar researchers worldwide.

4) Advances in communications to remote instrument
stations has enabled more rapid and relevant generation
of scientific results, and increased efficiency of field lo-
gistics. Where stations are equipped with communication
systems, an average of 75% of available data has been re-
trieved remotely since 2006. Ongoing testing of advanced
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GNET cGPS Station “ASKY” in North West Greenland -Courtesy Jeremy Miner.

Xeos Iridium devices is yielding improvements in data re-
turn and reliability.

3.7.2 Challenges

A number of significant challenges have been identified
to providing improved services in the area of equipment
development.

1) The batteries at long-duration continuous stations
will soon reach the end of their useful lifetime, however
replacement of batteries is a logistically intensive under-
taking — for example the POLENET stations have 12-24
lead-acid batteries per site. Actual serviceable life of the
batteries will likely exceed the initial five year estimate,
but a strategy and timeline for replacement must be made
soon.

2) Obsolescence of the GPS receiver pool is a major
issue. The Trimble NetRS receiver, which makes up 100%
of the remote ANET, GNET, and LARISSA network sites, is
aging, out of production, and will only become less reli-
able over time. Although the existing pool of NetRS units
can sustain these networks for two to three more years,
a suitable replacement receiver has not been identified.
Identifying, testing, or custom engineering a receiver will
be a sizable effort requiring staff time beyond that avail-
able from Pls or currently proposed for UNAVCO. Such a
development and testing effort is not within the scope of
the incremental, sustaining engineering activities that UN-
AVCO currently provides.

The Trimble 5700 and R7 receivers, which are heavily
used for campaign deployments, are starting to show their
age and attrition is increasing. For these receivers selec-
tion of a replacement model is straightforward; funding is
the limiting factor.

Recommendations

- Establish a strategic, sensible plan for replace-
ment of batteries at long-term continuous stations.
This strategy must include objective analysis of bat-
tery health and realistic predictions of usable lifetime,
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as well as an assessment of emerging battery
technologies to determine if increased power den-
sity and decreased mass, albeit at higher cost,
will offer substantial logistical efficiencies. Key Pl
stakeholders must also be involved in this process,
as the science implications and logistics costs of
this operation are substantial.

- Improve designs for continuous stations to
eliminate single-point failures and increase reliabil-
ity. Several instances of system failures have been
observed due to one key failure, for example cable
damage from wildlife. Since the average interval
between site visits is greater than one year, loss of
data due to such causes must be minimized.

- Continue focused development on Xeos Iridi-
um-based communications solutions for polar use.
Increased reliability of remote data retrieval will
continue to benefit logistics planning and reduce
the frequency of field site visits.

- A plan should be developed immediately to
identify the next GPS receiver for continuous use
in polar regions. Resources will be needed to im-
plement a receiver replacement. This critical issue
needs to be addressed by UNAVCO with close coor-
dination from the community, perhaps as a MRI or
equivalent project. An initial step forward might be
a small workshop of key investigators.

- As attrition of campaign GPS receivers increas-
es, failed devices should be replaced with modern
units.

- Continue close collaboration with the IRIS po-
lar group to evolve power and communications for
continuous stations. Although collaboration be-
tween Facilities is ongoing at an incremental lev-
el, it is thought that technological advances may
now present another opportunity for large advance-
ments in remote station design, similar to the first
joint MRI which resulted in a quantum leap forward
in continuous GPS and seismic station perfor-
mance. An assessment of available technologies
should be performed, and a follow-on MRI proposal
developed if warranted.

- Collaborations with other members of the polar
instrumentation community should be cultivated,
for example the Automatic Weather Station group
or the space physics community, to maximize the
science return on the investment in remote auton-
omous stations.

- The “sensorweb” concept, successfully demon-
strated at a prototype level, should be brought to
maturity with a second round of engineering devel-
opment. However the scientific community must
demonstrate sufficient demand for this technology
and initiate further development.

IRIS-UNAVCO Polar Networks Science Committee (PNSC;
see Chapter 5) is a committee of the UNAVCO Board that
is unique in being shared with IRIS. The current UNAVCO
governance structure including the PNSC, ensures that
the UNAVCO community’s needs are being considered in
developing plans for maintaining polar networks in the
larger context of all UNAVCO-supported polar science, and
the overall UNAVCO mission.

The PNSC reports directly to the UNAVCO Board of Direc-
tors, while reporting its recommendations as well to the
Geodetic Infrastructure Advisory Committee (GIAC). The
PNSC chair or Vice-Chair (depending on who is the UN-
AVCO appointed member) liaises with the GIAC to ensure
close coordination. In addition, the Terrestrial LiDAR Scan-
ner Working Group and the PNSC maintain close commu-
nication to ensure that the needs of the polar TLS com-
munity are being served. The current crosscutting nature
of the committee structure is working well to integrate the
polar community within the UNAVCO governance structure
and we recommend continuing this arrangement. We also
recommend formalizing a communication plan to maintain
effective contact between committees. A specific recom-
mendation is to have the PNSC report to the TLS and GIAC
committees at least annually at their meetings, either in
person or by teleconference. The PNSC chair or vice chair
will report status and recommendations of these UNAVCO
committees relevant to polar support back to the PNSC.

Recommendations

- Continue the effective governance provided by the
current cross-cutting nature of UNAVCO’s committee
structure

- Formalize a communication plan to maintain effec-
tive contact between committees, and have the PNSC
report to the TLS and GIAC committees at least annu-
ally at their meetings.

3.8 Governance
Within the UNAVCO governance structure, the joint

POLENET cGPS Receiver and electronics - Courtesy Seth White.



focus on IRIS Polar Services. The current capabilities

and governance of IRIS Polar Services are described
and examined in light of the projected growth in the need
for facility support (see Chapter 1). Recommendations
are made to address challenges arising from supporting
past and current projects, in addition to challenges from
increasing demands for facility support. The recommen-
dations provide guidance on the support required to meet
community needs for polar facility services, and on the
management and governance of those services. An abbre-
viated compilation of the recommendations can be found
in the executive summary.
4.1 History of IRIS Polar Services

IRIS has a long history of supporting seismological stud-
ies in polar regions, with instrumentation and operational
support for permanent and temporary stations provided
by the Global Seismographic Network (GSN) and the Pro-
gram for Array Seismic Studies of the Continental Litho-
sphere (PASSCAL), and data archiving, curation (including
data and metadata quality assessment and control), and
redistribution by IRIS Data Services and the Data Manage-
ment Center (DMC). Deployments of PASSCAL equipment
have been taking place since 1989, and GSN stations
have been operational since the late 1980’s. Decades of
design, testing, field experiments, technological growth,
and investment in instrumentation and services has en-
abled IRIS to facilitate the collection of state-of-the-art
broadband seismic data in the extreme environments of
the polar regions, areas of the globe that remain grossly
under-sampled. The polar services provided by IRIS have
leveraged, and continue to leverage, core capabilities en-
abled by NSF EAR funding to IRIS.

GSN: The GSN, a joint IRIS-USGS network of 153 sta-
tions, includes 5 stations in Antarctica and ~12 stations
in the Arctic (Fig 12). The GSN station QSPA is the lon-
gest-running continuous observational instrument operat-
ing at the Amundsen-Scott South Pole station with contin-
uous records from the 1957-58 International Geophysical
Year through the present. Until the mid-1990s, all polar
GSN stations were located at established facilities so
that minimal work was required to cold-harden the sta-
tion components. However, along with the infrastructure
required to keep instrumentation within operational spec-
ifications comes associated noise from generators, heat
fluctuations, personnel and building noise. Therefore, in
the mid-1990s, IRIS and the USGS embarked on an effort
to move the South Pole seismic station away from the

This chapter parallels the previous chapter but with a

base of operations, and, in 2002, the South Pole Remote
Earth Science and Seismological Observatory (SPRESSO)
was established, resulting in one of the quietest GSN sta-
tions in the world, particularly in the high-frequency band.

PASSCAL: PASSCAL support to Pl-led projects has
evolved from only providing standard equipment config-
ured for non-polar experiments to providing specialized
polar-rated equipment with support from a polar-trained
staff. This evolution in polar-facility support has improved
data quality and availability from partial, summer-only data
collection to full, year-round operations with 24/7/365
command and control of station operations in some of the
most remote polar regions.

Until around 2004, only 3 to 4 polar PASSCAL experi-
ments per year were supported, and there was a lack of
a unified approach to the polar station design between
each experiment, as well as no formal way for the Pls to
share design successes and failures. In 2004, IRIS began
enhancing its capabilities to provide more robust opera-
tions in polar regions, procuring a cold-testing chamber
to allow ambient temperature testing and evaluation of
instrumentation. At about the same time, snow stream-
ers (active source, tow-behind data cables and sensors)
were procured for use by the active source community.
As described in the previous chapter, in 2007, IRIS and
UNAVCO received NSF MRI funding (MRI power/comms
project) to develop the next generation of power and com-
munication systems. As a result, UNAVCO and IRIS, with
guidance from the Polar Networks Science Committee,
have developed best practices, designs and new instru-
mentation that address operational conditions in a variety
of harsh polar environments (e.g., extreme cold, high alti-
tude, high wind). In 2008, IRIS received a second NSF MRI
award to procure cold-rated instrumentation, allowing for
the development of a modest pool of polar instruments
and infrastructure.

Funding to IRIS for PASSCAL polar activities initially
came from the NSF-EAR facilities program. It was recog-
nized early on, however, that polar experiments required
an incremental cost above the typical non-polar PASSCAL
experiment. Consequently, beginning with the 2007 MRI
award, PASSCAL began to retain a permanent and special-
ized staff to address and support the instrumentation and
field needs associated with polar work. Since then, IRIS
has received additional incremental funding from OPP/
AES to continue supporting the polar PASSCAL staff.

4.2 Current structure/organization
Polar activities at IRIS fall under the Instrumentation
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Management 1.2 0.0 0.1 0.2
Admin 2.6 0.0 0.2 0.5
Data 3.1 0.7 0.2 1.3
Hardware 7.8 5.2 0.6 6.8
Logistics 3.0 0.0 0.2 0.6
Sensor 3.8 0.0 0.3 0.8
Software/Sysadmin 6.0 0.0 0.5 1.2
Total 26.3 5.9 2.1 8.0

Table 3: PASSCAL Staff

Services (IS) Directorate with high-level management
provided by the Director of IS. Under IS, Polar manage-
ment activities across IS are shared between the GSN
and PASSCAL Program Managers with the GSN manag-
er coordinating the overall IS polar activities and per-
forming strategic planning for the polar programs while
the PASSCAL manager leads the portable experiments
conducted in polar regions. Day-to-day portable oper-
ations for PASSCAL are performed under a sub-award
to New Mexico Tech through the PASSCAL instrument
Center’s (PIC) Polar Support Services and are super-
vised and coordinated by the PIC Director and principal
investigator. For the GSN, there are no polar-specific
staff at either IRIS, USGS, or IDA as polar work is un-
dertaken as a part of normal GSN operations support-
ed by NSF EAR.

IRIS PASSCAL polar activities are managed by the
PASSCAL Manager and supported primarily by PIC staff
hired specifically for polar work. Additional support is
provided by the core PASSCAL staff (Table 3). The cur-
rent staffing configuration reflects the history of IRIS
Polar Services, where initially all staffing positions
were supported by the EAR core budget. In addition
to polar staff supported by OPPR IRIS received an MRI
award (award period 2009-2013) to install the GLISN
network in Greenland that in-

are operated and maintained, providing open, real-time
data to the community (Fig 12).

b. Longerterm networks. IRIS has been directly
involved with the installation, operation, and mainte-
nance of longerterm seismic stations in Greenland
(GLISN project) and Antarctica (ANET/POLENET proj-
ect) in response to community science initiatives.

c. Temporary networks. For both active-source and
passive-source experiments, equipment, field support,
and data management are provided by the PASSCAL
program.

d. Equipment development. PASSCAL staff continu-
ously work on improving polar instrumentation through
testing and engineering development activities.

e. Data management. All polar seismic data are
processed through the GSN or PASSCAL data/net-
work-operations centers and are archived and distrib-
uted through the DMC.

f. International partnerships. All IRIS programs work
to maintain and support international partnerships
through collaborative experiments and technical inter-
change.

4.4 Facility Support

In this section, specific aspects of facility support

provided by IRIS Polar Services are described. The

cludes ~1.6 FTE to support field
operations and data recovery. *
Table 3 shows the polar-specific e o
staff as well as the estimate of .
the PASSCAL core staff that are L
utilized for polar projects (esti- ¢
mated on the basis that ~20% )
of all PASSCAL experiments cur- = 20
rently occur in polar regions). To = ' e

date, there is no FTE support ;
from NSF/OPP Arctic Sciences > ]
in support of polar operations, *
although nearly half of the ex- '
periments supported by polar *
services occur in the Arctic.

4.3 Summary of key services

a. GSN stations.

17 perma- Fig: 12: permanent Seismic Stations on a polar projection. Most are IRIS GSN stations with some additions

nent polar seismic observatories from the FDSN contributors. Shaded circles show region within 5 degrees of a station.




section is divided between the GSN, longerterm net-
works, temporary deployments and equipment develop-
ment. For each area, the services provided are reviewed,
the challenges in providing the level of support desired by
the community are discussed, and recommendations are
made to address those challenges.

4.5 GSN stations

4.5.1 Services Provided

GSN stations in the high latitudes provide important
coverage for global seismology. The long time series data
from these stations provide critical information for under-
standing seismicity of the high latitudes, glacial seismol-
ogy, and the large-scale structure of Earth’s crust, mantle,
and core. The stations also serve as a reference network
for higher density, shorter-term seismic experiments in po-
lar regions.

Five permanent GSN stations are operated in Antarctica,
located at South Pole, Palmer, Scott Base, Lake Vanda,
and Casey (QSPA, PMSA, SBA, VNDA, and CASY). All of
these stations but VNDA are operated through the GSN
partnership with the USGS Albuquerque Seismological
Laboratory (ASL), with instrumentation support from IRIS.
VNDA receives its operational support from the Air Force
Technical Application Center in Florida, but was originally
designed and installed by ASL staff as part of the Glob-
al Telemetered Seismograph Network (GTSN). Personnel
for fieldwork at CASY is provided by the ASL and funded
through the IRIS/USGS-GSN. Logistics support for two of
the permanent GSN Antarctic stations (QSPA and PMSA)
is provided by NSF/OPP through a continuing grant to IRIS
and covers operational support, as well as travel to these
locations for maintenance and upgrades. Logistics sup-
port for the Scott Base seismic station (SBA) is provided
by the New Zealand Antarctic Program (station operations
and infrastructure), although travel to the site utilizes
USAP support. Logistics support for the CASY station
(located at Casey Base) is supported by the Australian
Antarctic program, although there are occasional logistics
sharing opportunities with USAR

The GSN also operates approximately a dozen Arctic
stations in Canada, Greenland, Norway, Iceland, Finland,
Russia, and Alaska. The Arctic GSN stations are located
at larger facilities provided by international hosts with sup-
plemental support from IRIS and the USGS. None of the
GSN Arctic station operations currently utilize direct logis-
tics support from NSF OPR

Notable achievements of the services provided include
the following;:

1) Improvements in instrumentation and recording tech-
nology have expanded the capabilities and reach of per-
manent seismic facilities in the cold. Power requirements
for recording systems have been reduced from kilowatt
levels to 10s of watts and less. GSN and PASSCAL staff,
supported by NSF and the USGS, have worked with equip-
ment manufacturers to develop and provide low-power,
cold-rated sensors and acquisition systems as off-the-
shelf items. This has greatly reduced the cost and power
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budgets for permanent and temporary stations, and en-
abled the operation of permanent, remote autonomous fa-
cilities away from the “cultural” noise sources associated
with major bases of operations.

2) The interpretation of seismic data, particularly in
the context of interactions between the solid Earth and
the cryosphere, atmosphere, and oceans, is aided by the
availability of auxiliary geophysical data streams recorded
at or near seismic stations. The deployment of remote,
long-term, seismological observatories provides an oppor-
tunity to record such auxiliary data at a relatively small
incremental cost in effort, equipment, and logistics. The
concept has been proven at GSN stations, where co-locat-
ed instrumentation at many stations allows the collection
of geodetic, magnetic, and meteorological data. These
data have great value to other science communities as
well.

4.5.2 Challenges

A number of significant challenges have been identified
to providing improved operation of the polar GSN stations.

1) Supporting the long-term, continuous acquisition of
seismic data from polar regions continues to be a major
challenge. Interruptions in continuous records adversely
affect their scientific value, and many signals of interest
are of low amplitude, requiring longer time series for their
detection and evaluation. A challenge for enabling such
observations is the need for stable funding support over
decadal timescales coupled with finding ways to reduce
costs by improving the efficiency of station operation.

2) There are several technical challenges facing the
operation of all stations in polar regions, whether they
are GSN, longerterm or temporary. Improvements in te-
lemetry capacity are key to reducing the need for station
visits: if all data can be returned via telemetry, station
visits need occur only infrequently to repair problems or
replace critical hardware. Currently, the ability to telemeter
all recorded data from remote sites is limited by the high
power consumption of telemetry technology. Reductions
in the power required for full-bandwidth telemetry, and/or
improvements in the power systems at remotes stations,
would allow significant overall cost savings by reducing the
need for site visits, and hence reducing logistics costs.
Remote sites also require sufficiently robust enclosure
and environmental control systems to allow sensors, data
loggers, and communications equipment to operate effi-
ciently under local environmental conditions for long peri-
ods of time (i.e., many years to a decade).

Recommendations

- Continue coordination with NSF/OPP on opera-
tions of existing Antarctic GSN stations

- Continue work on communications systems to al-
low retrieval of full bandwidth data from remote, auton-
omous stations

- Improve and enhance station capabilities through
addition of related geophysical instrumentation

4.6 Longer-term networks
IRIS Polar Services has been involved with the installa-
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tion, operation and maintenance of two community
networks designed to provide continuous data over
many years, the Greenland Ice Sheet Monitoring
Network (GLISN) and the Antarctica component
(ANET) of the Polar Earth Observing Network (PO-
LENET) (Figs 13, 14). Support for GLISN has been
provided primarily though the GSN program and for
ANET through the PASSCAL program.
4.6.1 Services Provided

Together with international partners from nine
countries in Europe, Asia, and North America, IRIS
operates the Greenland Ice Sheet Monitoring Net-
work (GLISN) (Fig 13). The network is designed to
provide enhanced regional seismic coverage com-
pared with the sparse global network of permanent
seismic stations; enhanced geodetic coverage is
also provided at sites on the ice sheet. An import-
ant aspect of the network is its ability to sense
seismic signals generated in response to changes
in the Greenland Ice Sheet and its outlet glaciers,
whether those signals originate in the ice itself or
in bedrock. GLISN stations record both high-fre-
quency signals from earthquake sources in bedrock and
low-frequency signals arising directly from ice motion.

Because of the need to assess temporal variability in
the natural system, this is a longer-term observing net-
work. The network also provides a backbone structure
for temporary arrays operated in Greenland by individual
Pls, allowing them to tie short-term observations into a
longer history of observed signals and structure, and it
improves path coverage required for inference of subsur-
face structure compared with that allowed by the GSN.
Stations at remote sites make use of power, enclosure,
and sensor installation equipment and techniques orig-
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Fig: 13: Map showing GLISN stations.

inally developed for remote Antarctic sites. Stations at
populated sites with existing external infrastructure use
a combination of techniques developed for the remote
sites and other permanent or PASSCAL array-type sta-
tions. As for the GSN, all data from the GLISN network
are freely and openly available through the IRIS DMC, in
near-real time where telemetry allows.

The expense and difficulty of access to even the
“easy” stations in the network means that remote re-
trieval of recorded data is highly beneficial. The network
includes a mix of stations located in populated areas
and operated from mains power with direct
internet telemetry, and stations operating
autonomously in remote areas. All of the
stations currently return state-of-health in-
formation in near-real time. All stations re-
cord 1 sps (LH), 20 sps (BH), and 100 sps
(HH) channels and most return these in
real time. The remote stations which rely
on satellite telemetry through the Iridium
system (Figure 13 - green symbols) allow
telemetry of 1 sps continuous data.

The ANET/POLENET network consists
of 31 seismic stations deployed across
West Antarctica and adjacent parts of East
Antarctica (Fig 14). The stations are the
instrumental component of the Interna-
tional Polar Year (IPY) ANET/POLENET sci-
ence project and make use of installation
techniques and equipment resulting from
the two MRI awards previously mentioned.

Fig 14: ANET Seismic and GPS instrumentation network.

no data telemetry



This NSF/AES project, coordinated by lead Pl Terry Wil-
son (Ohio State) and with seismology investigators from
Central Washington University, New Mexico Tech, Penn
State University, and Washington University, is a multidis-
ciplinary investigation of the links between the solid earth
and ice sheets, using seismology and geodesy as the pri-
mary tools. As an IPY project, ANET is to have a legacy,
which will entail some fraction of the network remaining in
place after the project has been completed.

The network originally consisted of 23 stations in
West Antarctica installed between 2007-2010 under the
POLENET project and 8 stations in East Antarctica that
were left in place after the GAMSEIS experiment ended in
2009. A proposal to continue funding of this network for 5
years as a Pl-driven science project with extensive support
from IRIS and UNAVCO has been submitted. The propos-
al states that at the end of this 5-year science project,
stations will be evaluated and ones showing optimal char-
acteristics will be converted to a longerterm backbone
network to be managed by IRIS and UNAVCO.

Most of the ANET stations are co-located with other in-
strumentation to facilitate logistical support. Nineteen of
the stations are co-located with ANET GPS receivers and
autonomous meteorology stations in West Antarctica, 3
stations are co-located with AGO (Automatic Geophysical
Observatory) Space Physics observatories, and two sta-
tions are co-located with low power magnetometers.

The goals of the ANET seismological network are ex-
tremely diverse. One primary goal is to determine the
crustal and mantle structure of Antarctica using broad-
band seismic techniques. Mantle structure will be used to
develop laterally varying models of mantle viscosity that
are required for glacial isostatic adjustment studies of ice
mass loss since the last glacial maximum. In addition,
better knowledge of the elastic moduli are needed for
more accurate determinations of present day ice mass
loss from the geodetically determined elastic response.
Antarctic geological processes, such as rifting and moun-
tain building have shaped glacial processes throughout
the history of Antarctica, and seismology represents one
of the best ways to study these processes in a continent
largely covered by ice.

4.6.2 Challenges

A number of significant challenges have been identified
to providing improved services for longer-term stations.

1) Site visits for remote GLISN stations are currently
needed once/year for full data download. The development
of full, remote data download capabilities would eliminate
the need for such visits except in the case of equipment
failure. Increasing storage capacity at the stations could
also reduce the required frequency of site visits, but would
increase the delay between data recording and scientific
use of those data. Reducing the required frequency of site
visits due only to the need to download data is a pressing
challenge.

2) Particularly for the study of temporal and seasonal
variations of geophysical phenomena, data outages on a
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relatively sparse network like GLISN are highly detrimental
to scientific objectives. Being able to respond rapidly when
problems are detected is a challenge, including during the
off-season for stations in populated areas with scheduled
commercial flights, and in the same or next (depending on
problem timing) summer season for remote sites.

3) To improve station operations for all stations, wheth-
er they are GSN, longerterm or temporary, synergies in
engineering design and logistics sharing are needed to
maximize the efficient use of limited resources. IRIS and
UNAVCO have established a robust and effective collabora-
tion through jointly developing power and communications
technologies, and in planning support for polar projects.
Collaborations of this type provide important opportunities
to address technical challenges, multi-disciplinary data
collection, and long-term operational efficiency for seismic
and geodetic networks. A challenge is sustaining such an
interdisciplinary, inter-facility interaction in the long term
as personnel change at the facilities and as facility staff
try to find creative ways to juggle the many responsibilities
imposed by increasing community demands. A second
challenge is expanding this type of collaboration to include
groups from other disciplines operating observatories in
polar regions.

4) Given high deployment demands for polar engineers
from the facilities, and the high costs of deployment, there
is likely to be benefit in cross-training of IRIS and UNAVCO
personnel on standard equipment systems. This would
allow for engineers from one facility who are nearby to
respond to problems with stations from either facility, re-
ducing logistics demands due to additional personnel de-
ployments. Finding time and resources to permit the cross
training of IRIS and UNAVCO staff is a challenge.

Recommendations

- Continue work on communications systems to al-
low retrieval of full bandwidth data from remote, auton-
omous stations

- Together with relevant governance bodies, coordi-
nate the development and implementation of a plan
for longerterm seismic station operation and mainte-
nance for GLISN and ANET/POLENET

- Continue work to maximize data quality to achieve
best scientific utility of the data stream

- Increase the level of cross training within and be-
tween the facilities

- Coordinate with logistics provider (and NSF) for
development of rapid-response capability to address
GLISN station problems, including outside the sum-
mer season for sites in populated areas

4.7 Temporary deployments

4.7.1 Services Provided

The IRIS PASSCAL program has developed a system for
promoting the highest quality and best data return possi-
ble for temporary stations, in addition to the longerterm
stations in ANET. This method includes: working closely
with Pls on logistics and planning; offering training on all
aspects of data collection and archiving; providing quality
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control for all field equipment; supporting field efforts
with deployment, in-field training, huddle testing, and
repair; providing software to allow Pls to QC field data;
and offering data-archiving support. Each of these is
critical to meeting PASSCAL's charge of supporting
seismic research from field to archive.

PASSCAL supports approximately 70 new exper-
iments per year worldwide, with ~20% of these ex-
periments focusing on polar regions. Polar projects
commonly require a level of support beyond the stan-
dard support provided to all PASSCAL experiments.
Specialized polar support allows the incremental ef-
fort required for developing cold-related engineering
solutions, equipment fabrication and preparation for
extreme conditions, and extended field support. The
polar group focuses on: 1) Developing successful
cold-station deployment strategies; 2) Collaborating
with vendors to develop and test cold-rated seismic
equipment; 3) Establishing a pool of cold-hardened
seismic stations; 4) Building an engineering exchange
with UNAVCO for development and experiment sup-
port; and, 5) Creating an open resource repository for
cold-station techniques and test data for seismolo-
gists and others in the polar science community.

4.7.2 Challenges

A number of significant challenges have been identi-
fied to providing improved services for temporary sta-
tion deployments.

1) The current demand for polar-hardened equipment
exceeds the pool of specialized equipment PASSCAL
maintains (Table 4). To meet these demands, PASS-
CAL routinely pulls equipment from the core instru-
ment pool (data loggers and sensors designed or
tested for temperate environments) either when the
impact on success is deemed minimal or supplemen-
tal funds are available to cold-harden the systems.
However, the general pool is heavily subscribed and
Pls can typically expect to wait up to ~2 years for
equipment for an experiment of >25 stations. Unlike

most EAR projects, polar projects are tightly tied to
NSF logistics support and are not easily postponed.
To better facilitate polar portable seismology, a larger,
dedicated polar instrument pool and tighter coordina-
tion with NSF on experiment timing will be required.

2) The short turn-around time between funding and
deployment for many polar projects impacts the ability
of PASSCAL to respond efficiently to project needs.
Much of the polar-specific instrumentation and infra-
structure (power, environment controls, communica-
tions, etc.) is not commercial, off-the-shelf equipment
and requires considerable time to procure, cold test,
integrate and prepare for shipping to the field. Due
to the limited size of the polar instrument pool and
staff, the PASSCAL staff is stressed when notification
and funding do not provide sufficient lead-time prior
to experiment deployment. With proper lead-time, the
PASSCAL facility could pro-actively prepare for upcom-
ing deployments. This would help distribute the an-
nual workload across the year, optimize integration
and testing time and ensure maximum facility respon-
siveness and data return. In the end, improving data
quality and return from an experiment optimizes the
efficiency of the limited (and expensive) OPP logistics
and science resources.

3) Challenges for the temporary pool include the
maintenance of the existing capabilities and continued
work on expanding the environments where this pool
can be deployed. A good solution for cold, dry environ-
ments has been established and can be improved in-
crementally. However, the cold and wet environment of
the more temperate polar regions (lower altitudes and
latitudes) still lacks a robust solution. The dynamic en-
vironment of faster-flowing glaciers also lacks a solu-
tion. The areas near the lower latitudes and altitudes
in the polar regions face the obstacles associated
with cold and long periods of darkness, but also face
the challenges associated with high snow accumula-
tion and melt. As interest in studying the more dynam-

3-ch Data Logger

3-ch Sensors

Broadband Station Enclosures
Short Period Station Enclosures

Broadband (>=120 sec) 75
Intermediate Period
Snow Streamer, 1 comp, 12tko, 25m

Quanterra Q330 51

60
110

Table 4: PASSCAL Polar equipment pool. Not shown in the table are the hundreds of core sensors and acquisition
systems that can be, and are, borrowed from the PASSCAL core pool to augment polar experiments that occur
in the more temperate climates and for summer-only operations. The sensors above are fully subscribed, and
PASSCAL currently has very limited ability to support new experiments without new capital investment in the pool.



ic areas of glaciers (e.g., near termini) increases, there
are additional challenges associated with instrument tilt,
rapidly changing station locations and orientation, and,
in some cases, instrument loss due to dangerous cre-
vassing, suggesting a need for smaller, lighter, cheaper,
perhaps disposable, instrumentation. Available data log-
ger/sensor technology exists that, with development ef-
fort, could produce the needed station package for these
cold, wet environments. This technology promises to be
smaller and require less power than the current seismic
systems. The technological development for a cold, wet
station solution could likely be folded back into the broad-
er polar pool to reduce logistics and power requirements
and afford a uniform pool for all polar environments.

4) A challenge for all of the systems is to achieve a
more efficient power solution. Current solutions rely on
either very expensive primary batteries, for the coldest
locations, or very heavy loads of secondary batteries,
for the milder, coastal locations. Continued monitoring,
testing and integration of emerging battery technologies
could significantly reduce station costs in both materials
and logistics.

5) Real-time data acquisition continues to be a weak
point of the current seismic systems. Communications
are limited to Iridium satellite telemetry in remote areas
at high latitudes, and, at present, single Iridium channels
have insufficient bandwidth and require too much power
to deliver complete real-time data from autonomous seis-
mic stations. Such solutions are currently used mainly for
state-of-health monitoring and transmission of low-sam-
ple-rate data. Continued development of telemetry solu-
tions is required to afford transmission of real-time seis-
mic data, to improve science utility and logistics planning.

6) As the growth in polar experiments continues, the
staffing level of polar staff will also need to grow. Oppor-
tunities to leverage PASSCAL core staff remain, but as
the number of experiments increases, the polar staff will
need to be increased. At this point, the leveraging of the
core PASSCAL staff helps with load balancing through the
bi-polar field seasons, but the pre-season stress on the
polar staff is quite high. This is often due to the timing of
the receipt of approval on grants relative to the required
ship dates to the field. If specialized equipment or enclo-
sures are required that are not available in the polar pool,
the polar personnel must fabricate, integrate and validate
all field equipment in a very short period of time. This not
only risks the robustness of the equipment due to the
rushed timeframe, but also stresses the staff.

7) As the level of support requested by Principal Inves-
tigators and NSF of PASSCAL for short term stations in-
creases, the need for logistic support grows. For Antarctic
experiments, this is largely seen in the volume of equip-
ment handled at McMurdo. The need is growing for larger
on-ice facilities to test, repair, stage field instrumenta-
tion, and prepare the equipment for remote deployments.
ltems currently hindering these operations include:
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a. Adequate seismic sensor testing facilities - a simple
rigid but not necessarily permanent structure.

b. Increased winter-over cold storage — This would re-
move the need to retro functional equipment that will be
utilized in the following seasons.

c. Increased workspace, including lab, office and stag-
ing areas - As the amount of equipment and staff support
provided by PASSCAL increases, the need for areas to
service, test, prep and stage equipment grows.

d. Easy and regular access to transportation for staff
and equipment - A large amount of time is spent moving
equipment and searching for transportation sources to
move equipment.

Recommendations

- Establish closer coordination between NSF, the
facilities, and the investigators in project planning
through project award to more effectively schedule
supported projects and make available the resources
needed for implementation in the field

- Work with the community to develop and imple-
ment a plan for establishing and maintaining a ded-
icated polar instrument pool that is large enough to
meet community needs

- Complete real-time telemetry development

- Develop procedures for effective evaluation of
emerging technologies

- Maintain capable and well trained staff to meet
the existing and future demands of NSF-OPP funded
projects requiring facility support

- Acquire real-time telemetry capabilities for all re-
mote polar stations and enhance network monitoring
capabilities at IRIS PASSCAL

- Establish a geophysics facility in McMurdo for
testing, preparing, and staging equipment for geo-
physical experiments, and improve vehicle access.

4.8 Equipment development

To ensure the polar equipment pool meets the challeng-
es of operating in extreme environments, there has been
a significant ongoing effort in equipment development
and testing at IRIS. The following subsections describe
briefly some significant aspects of the current research
and engineering occurring within the IRIS PASSCAL polar
group. All aspects of development and design performed
at the IRIS PASSCAL facility are freely and openly avail-
able via the PASSCAL polar website, http://www.passcal.
nmt.edu/content/polar.

4.8.1 Services provided:

Sensor systems (transducers and data acquisition
systems): IRIS does not do primary sensor desigh work,
but works with vendors to improve operational and en-
vironmental specifications to meet expanding requests
for seismic observations in polar regions. As mentioned
above, cold-hardening sensors has been accommodated
by at least one sensor vendor (Guralp), to produce the
“Cold 3T”. Other products have been deployed to the ice
in environments beyond the stated specifications of the
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instruments due to a shortfall of
cold-rated sensors.

In terms of data-acquisition sys-
tems (DAS), PASSCAL utilizes the
Quanterra Q330 as it is cold rated
to -45C. PASSCAL also utilizes the
RefTek RT130 for short-term deploy-
ments in areas that do not require
cold rating. RT130s come from the
general PASSCAL instrument pool,
as the polar pool does not currently
include any.

Telemetry systems: PASSCAL po-
lar systems have two options for
system telemetry: State of Health
(SOH) and data retrieval. SOH in-
formation is transferred using Xeos
modems over the Iridium network.
SOH files are relatively small and
can be transferred over standard
Iridium data paths or over Short
Burst Data (SBD) paths. Data re-
trieval over the Iridium based re-
al-time telemetry system is current-
ly being used in Greenland as part
of the GLISN network. This retrieval
system incorporates the RUDICS
(Router-based Unrestricted Digital
Internetworking Connectivity Solu-
tion) system for transferring data
from the Q330 through the Xeos
Iridium modems. This solution will
not transmit the entire data stream,
but will allow low-sample-rate data
to be transmitted from the stations
and will allow a much better station
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Fig 15: Joint IRIS / UNAVCO ANET installation at Mount Patterson, Antarctica.

assessment for maintenance pur-
poses, while also allowing science
to be performed year round.

Enclosures: PASSCAL currently
has several polar enclosure de-
signs and performs custom design
work when a suitable enclosure is
not available. System enclosures
vary in size with the duration and
capacity needed for a given ex-
periment. Insulation can also vary
depending on the temperatures
expected where the system is de-
ployed. A large effort at IRIS PASS-
CAL has gone into trapping waste
heat from acquisition systems and
insulating sensitive components
from extreme weather. Designs uti-
lizing vacuum panels with extremely
high R-values have been incorpo-
rated into field designs deployed
to the high plateaus of Antarctica,
where low temperatures reach near-
ly -80C, with successful system op-
erations as a result.

Power systems: IRIS has devel-
oped and adapted various power
systems to meet power budgets,
logistics limitations, and funding
availability to maximize station per-
formance and uptime. A variety of
systems are utilized. With an auton-
omous remote station, solar power
is most desirable. However, solar

exposure varies substantially over
the range of polar deployments IRIS

L.

has fielded, so the solar PV array
designs are varied. Primary and/
or secondary battery types are in-
tegrated into the power systems
depending on the environmental as-
pects of the deployment area.

Technical interchange and engi-
neering process: To ensure that all
IRIS projects follow a consistent
engineering process, an IRIS wide
engineering review process has
been instituted. This approach es-
tablishes goals and costs for engi-
neering tasks, allows for technical
interchange among all components
of IRIS Instrumentation Services,
and allows for the sharing of design
and development ideas across the
facility. IRIS also coordinates close-
ly with UNAVCO on engineering ef-
forts.

4.8.2 Challenges

A number of significant challeng-
es have been identified to providing
improved services in the area of
equipment development.

1) Sensor systems (transducers
and data acquisition systems): Of
the polar pool mentioned above,
the cold-rated broadband sensors
are specified to operate in tempera-
tures down to -55C (based on the
mean annual temperature at South
Pole). The depth of burial of these
sensors limits exposure to extreme
midwinter temperatures, but even




at 5-10 meters depth the temperatures are essentially
the mean annual temperature, or about -55C for the Ant-
arctic plateau. It is clear that, to assure continued opera-
tions in very cold regions, some environmental control of
these transducers is required. Some other seismometers
(Trilliums) are specified to -20C, but appear to work in
much colder environments, as confirmed by cold cham-
ber testing and field deployments. Of course, there are
obvious risks in operating beyond specifications (shorter
life span, potential equipment failures during mid-winter,
invalidation of warranties, etc), but the current size of the
cold-rated pool is insufficient to meet the demand for
broadband sensors in the polar regions.

The Quanterra Q330 is cold rated to -45C, better than
other available systems, but above the coldest tempera-
tures at which Pls need DASs to work. Systems deployed
in the coldest environments therefore currently require
environmental protection and reutilization of waste heat
to keep the DAS within operating specifications. Better
cold tolerance for the DAS, and/or better solutions for
cold hardening of the enclosure system, are needed.

In addition to the cold sensitivities of the current pool,
PASSCAL is being asked to field more experiments in wet
regions and in heavy accumulation/melt areas. The cur-
rent systems are not substantially “wet-cold” hardened
and more work needs to be accomplished either to make
the generic pool adaptable to wet environments, or to cre-
ate a subset of the pool that is specifically reinforced for
temperate polar work.

2) Telemetry systems: The development of the Iridium
based real time telemetry system now allows low-rate
data return. Developing the capability for complete data
retrieval would allow fewer station visits and allow optimi-
zation of logistics planning, as well as facilitating science
activities.

3) Enclosures: Continued work on enclosures is re-
quired as designs must meet needs not only of broader
polar applications (including wet environments), but also
to continue to push designs into smaller and lighter pack-
ages to minimize logistics costs associated with transport
and recovery operations. In addition, as new sensor, pow-
er and telemetry systems are developed and deployed,
the enclosures need to be modified to incorporate new
form factors, power budgets (waste heat), and operating
specifications.

4) Power systems: While solar is a desirable power
source, it comes with difficulties in year-round operations,
primarily associated with over-winter power maintenance
in low- to no-sunlight conditions. IRIS has utilized extreme-
ly high power-to-weight/volume lithium primary batteries
to bridge the dark gaps, as they have very good capacity
at extremely low temperatures. Unfortunately, these bat-
teries are very expensive and one-time-use only. There-
fore, although they greatly reduce logistics costs by their
small volume and high capacity, the burden of expense
moves from the OPP logistics budget to the science-sup-
port budget. Therefore, Pls are impacted by this cost and
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seek lower-cost alternatives. PASSCAL therefore contin-
ues to work on alternative power systems such as AGM-
battery-based PV power and wind turbines, and continues
to investigate new battery systems (e.g., rechargeable
lithium) to maximize power with minimized logistics.

Engineering analysis continues on cold-rated solar
charge controllers, power distribution from multiple power
systems, and battery life cycle. IRIS is concerned with the
life span of these systems under extreme environmental
conditions. As many of our systems have been fielded for
multiple years, it will soon be possible to determine the
mean time between failure and help establish an amorti-
zation model for the polar pool.

Recommendations

- Improve the cold specifications for the instrumen-
tation, especially the DAS systems. This would re-
duce the level of work and materials required for en-
closures, and reduce the power budget for maintaining
proper operations in extremely cold environments.

+ Further integration of system components with
SOH output to telemetry systems will allow for better
pre-season planning and reduced logistics costs.

+ Further development of telemetry for data retriev-
al would allow for better pre-season planning and re-
duced logistics costs and would support science ac-
tivities.

- Develop enclosures for cold, wet environments.

- Improve collaborations with equipment manufac-
turers to enable on-demand ordering of system com-
ponents

+ Further development and testing of power sys-
tems to improve efficiency and capacity.

- Continue to work with manufacturers to achieve
sensors and data-acquisition systems with improved
cold tolerance, ease of use, ruggedness, and integra-
tion potential with non-seismic sensors.

+ Continue efforts to achieve full-bandwidth data re-
turn from remote sites by telemetry.

- Improve on-site QC capability to validate proper
system operation.

4.9 Governance

The dramatic recent increase in demand for IRIS sup-
port of seismological studies in polar regions makes a
reexamination of governance and management structures
for polar services at IRIS a critical part of planning for the
coming decade. IRIS arose from an initiative of the seismo-
logical community 25 years ago, and the facility has from
the beginning been a community facility, with all aspects
of governance and oversight provided by the seismological
community through participation in standing and ad hoc
committees for the several major IRIS programs. Standing
committees for the Global Seismographic Network (GSN),
Program for Array Seismic Studies of the Continental Litho-
sphere (PASSCAL), Data Management System (DMS), and
Education and Public Outreach (EPO) programs provide
community input and budget oversight for the operation of
the facility; a similar committee provides guidance for the
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IRIS Earthscope/USArray effort. A Board of Directors
elected from the community provides governance of
the facility as a whole. The facility has not had a man-
agement or governance structure dedicated to polar
activities, but has obtained community input and over-
sight through the standing committees for the core
programs and from ad hoc committees.

The PASSCAL standing committee is currently
tasked with oversight of activities and budgets relat-
ed to temporary station deployments, and the GSN
standing committee with oversight of activities and
budgets related to GLISN and GSN stations; these
committees provide guidance to the PASSCAL and
GSN program managers and report to the Board of
Directors. Each of these standing committees also
has significant responsibilities for oversight of non-po-
lar activities, which still constitute the large majority
of IRIS facility support. Two polar-specific committees
also provide input to IRIS: the Polar Networks Science
Committee (PNSC), a joint IRIS/UNAVCO committee,
provides input on the full range of IRIS polar activities,
through a non-voting liaison to the PASSCAL standing
committee and through reports to the Board; and the
GLISN Science Advisory Committee provides input to
the GLISN project and to the GSN standing committee
through a liaison, and provides reports to the Board.
Coordination of polar activities within IRIS is provided
by the IRIS Polar Coordinator, but budget authority is
distributed across several core programs. The Polar
Coordinator currently serves triple duty as the GSN
Program Manager and GLISN Project Manager.

The current governance and management structure
for polar activities within IRIS has developed organ-
ically, as the level of polar support provided has in-
creased across several IRIS programs over time; as
a result, the structure is complex and multi-branched.
The recent increase in demand for IRIS facility sup-
port in the polar regions has reached a level where ex-
isting government and management structures within
IRIS are overtaxed.

Planning for the next decade provides an oppor-
tunity to revise and streamline current structures in
the context of the large and increasing demand for
IRIS polar services, to ensure that polar operations
within IRIS are well coordinated and reflect community
needs, and to ensure a clear path forward for the IRIS
facility so that funding from NSF (EAR and OPP) is well
justified and optimally applied. It is important to ad-
dress the pressing needs for polar management and
governance in a timely fashion, as the demand for
polar services continues to grow and several key is-
sues requiring community input loom on the horizon.
For example, addressing the possible conversion of
temporary stations to longer-term observatories will
require clear structures for management and gover-
nance.

The key needs for a polar governance structure within
IRIS are (1) to provide an effective, efficient, and trans-
parent forum for community input directly to the polar
program team within IRIS; and (2) to provide commensu-
rate budget oversight. The polar management structure
(1) needs to be sufficiently clearly defined that the trans-
mission path for community input is easily understand-
able; (2) to provide a well-defined and open path for com-
munication between NSF and IRIS polar programs; and
(3) to provide a clear decision-making pathway for polar
activities.

In both governance and management, there remains a
strong need for close coordination between the multiple
programs of the IRIS facility. The ability of those parts of
the facility supporting polar activities to use and draw on
resources from the full facility should not be inhibited;
nor should the ability of non-polar support activities to
use and draw on those resources focused primarily on
polar support be inhibited. Within the current IRIS struc-
ture, the key needs for governance and management for
the core programs are satisfied by standing committees
and program managers. Because of the need to draw
on many aspects of the facility for polar support, IRIS is
encouraged to think more broadly than the current pro-
grammatic structure for addressing the needs of polar
management and governance. However, the identifica-
tion of one individual from management and one com-
mittee with primary responsibility for addressing polar
services is very strongly encouraged.

A reasonable and efficient option for improving gover-
nance and community input for polar activities would be
to utilize and build on the structure of the current Polar
Networks Science Committee (see Chapter 5), which is
currently tasked to provide guidance on community re-
quirements for polar facilities and to support coordina-
tion between IRIS and UNAVCO. The committee currently
consists of eight members, four appointed by IRIS and
four appointed by UNAVCO. The IRIS-appointed commit-
tee members could serve as an IRIS standing commit-
tee overseeing polar activities; augmentation with a fifth
member could be considered if needed. Whatever solu-
tion is adopted, it must respond to the key needs out-
lined above.

Recommendations

- Establish a governance structure for polar activ-
ities to (1) provide an effective, efficient, and trans-
parent forum for community input directly to the
polar staff; and (2) provide commensurate budget
oversight

« Establish a management structure for polar ac-
tivities to (1) define a clear transmission path for
community input; (2) provide a well-defined and open
path for communication between NSF and IRIS polar
staff; and (3) provide a clear decision-making path-
way for polar activities
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5.1 Introduction

In this chapter, improving governance of the polar fa-
cilities through a community- endorsed committee is dis-
cussed, along with strategies for improving collaboration
between UNAVCO and IRIS and for obtaining efficiencies
in the polar services offered. This chapter expands on a
number of the challenges identified and recommenda-
tions made in the previous two chapters. An abbreviated
compilation of the recommendations can be found in the
executive summary.

5.2 Governance

The Polar Networks Science Committee (PNSC), a joint
IRIS/UNAVCO committee, is currently tasked to provide
guidance on community requirements for polar facilities
and to support coordination between IRIS and UNAVCO.
The committee currently consists of eight members, four
appointed by IRIS and four appointed by UNAVCO. The
committee meets once a year, and the Chair and Vice-
Chair positions rotate between an IRIS- and a UNAVCO-ap-
pointed committee member. The committee members re-
port to the governance bodies of the facilities in different
ways, as described in the governance sections of Chap-
ters 3 and 4.

The PNSC was setup as an oversight committee for the
2007-2009 NSF MRI power/comms project (see descrip-
tion in Chapter 3), but it has transitioned to being a con-
duit for polar community input to the facilities with broader
reach. To this end, two workshops have been organized by
the PNSC (i.e., the Autonomous Polar Observing System
Workshop and the Facility Planning Workshop) to engage
the community in developing a vision for sustained polar
networks.

There is an important role for the PNSC, or some similar
kind of community-endorsed committee, to play in the gov-
ernance of the facilities, particularly as the services pro-
vided to the community expand and the demands placed
on the facilities by the community grow. To foster great-
er input, engagement with the broader community can
be obtained by requesting feedback on written reports,
conducting town hall style meetings at major conferences
(e.g., AGU), and via other venues, such as direct contact
with polar user groups. In this manner, the UNAVCO and
IRIS Boards, with input from the committee, can maintain
a fresh perspective on the emerging needs of the polar
research community.

A key governance issue that needs community-level in-
put is the coordination, operation, and maintenance of
longerterm networks, such as ANET, GNET and GLISN.
The IRIS and UNAVCO facilities have played a critical
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role in establishing the ANET and GLISN networks, and
they constitute a resource for operating and maintaining
these networks into the future. It is important for science
Pls, the PNSC (or some such committee), and the facili-
ties to develop a framework for sustained operation and
maintenance of remote autonomous stations in the po-
lar regions, not just for GLSIN or POLENET, but for other
temporary networks as well that could be beneficial to
the community if they were transformed into longer-term
networks. The PNSC is poised to play a lead role in eval-
uating possible succession plans for Pl-led stations and
networks to longer-term operation and for maintenance by
the UNAVCO and IRIS facilities.

While it is recognized that the PNSC is not necessari-
ly inclusive of all disciplines that could be served by the
current and near-term polar support plans, the PNSC, with
its current structure, has sufficient depth to review and
recommend steps to ensure maximum science benefits
to the community. The PNSC can also function as a re-
source for NSF, such as in deliberations on whether to
continue data collection at a critical site.

Recommendations
- Together with the PNSC and other relevant gover-
nance bodies, the facilities should develop a mecha-
nism for evaluating the needs and possible transition
plans for Pl-led stations to long-term, facility-operated
stations
5.3 Enhancing Collaborations

In the past, the UNAVCO and IRIS facilities grew inde-

pendently, driven by the unique needs of each communi-

UNAVCO at Thurston Island, Antarctica. Courtesy of Seth White.
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ty. The science priorities of these two communities in
the polar regions and the technology to support those
needs have evolved such that the efforts of UNAVCO
and IRIS overlap much more than they have in the past.
This creates an opportunity to enhance collaboration
between the two facilities.

The activities of UNAVCO and IRIS in the polar re-
gions have grown such that their presence in McMurdo
and their use of air support and logistics are significant
enough to warrant revisiting the relationship between
UNAVCO and IRIS and the logistics support contrac-
tors. Up to this point, UNAVCO and IRIS have been
viewed as a “Science Event” and treated the same as
every other science group. Yet, at present, the role they
play is not equivalent to a science group but is rather
similar to a science support contractor providing ser-
vices for science groups. This leads to a number of
questions: 1) Is temporary Crary Lab space the best
space in McMurdo for IRIS and UNAVCO to work on
equipment? 2) Should IRIS and UNAVCO be involved
earlier in aviation planning to maximize efficiency in
maintaining remote instrumentation stations?

The collaboration and communication between IRIS,
UNAVCO, NSF-OPR research Pls, and the science sup-
port contractor are critical to the success of polar re-
search. Often, PIs must act as a go-between amongst
the different organizations because individuals in each
facility have not communicated details or decisions to
each other. This can lead to delays in project planning
and stress on all participants. As a whole, better com-
munication between the different polar organizations
would improve collaboration.

5.4 Example of Past Collaborations

5.4.1 Collaboration Initiated by Scientists

ANET is an excellent example of UNAVCO and IRIS
working together toward overlapping science objec-
tives and technology. By collaborating at the outset,
UNAVCO and IRIS were able to create efficiencies in
design and field deploy ability of autonomous systems
that resulted in co-locating seismic and GPS instru-
mentation throughout Antarctica (Fig 16). This cooper-
ative effort enabled efficiencies in design, data retriev-
al, and trained personnel while providing for greater
instrumentation density at hard-to-reach locations.

5.4.2 Collaboration Initiated by UNAVCO and IRIS

With more researchers striving for year-round data
collection in remote polar regions, NSF recognized an
opportunity to encourage shared knowledge and coop-
eration between the seismic and geodetic communi-
ties in fielding autonomous systems capable of long-
term operation. To this end, an MRI project (described
previously in Chapters 3 and 4) was initiated for design
of power and communication systems for remote po-
lar deployment with IRIS and UNAVCO as key players.
This collaboration led to advances in polar power and
communication, and the improved equipment has been

Figure 17: University of Wisconsin AWS tall-tower installation using a UNAV-
CO platform to provide year-round power for the instrumentation. Courtesy
of Marianne Okal.
successfully fielded in Greenland and Antarctica. The
technology developed by this effort has been rapidly
adopted by the broader polar scientific community to
field reliable power and instrumentation platforms in
the Arctic and Antarctic, as illustrated in Figure 17,
where an automatic weather station is being installed
using the MRI-developed power system.
5.5 Strategies for Improving Future Collaboration

Collaborations between UNAVCO and IRIS generally
have three goals: enhanced science, improvements
to common technologies, and efficient use of limited
resources (e.g., funding, equipment pool, and access
to sites of interest). ANET and GNET were driven by
a collaboration built around the synergy of co-existing
(and often co-located) GPS and seismic instrument
networks in Antarctica. The MRI collaboration to de-
velop a common power and communications platform
harnessed the considerable past experience of both
UNAVCO and IRIS to improve the associated technol-
ogy. These improvements led to more efficient use of
limited resources. Future collaborations should focus
on similar technology improvements that enhance the
value of the science obtained.

5.5.1 Common Power/Communication Platforms

A natural direction to continue the improved technol-
ogy developed by the power/comms MRI is to work
towards a modular and scalable common power and
communications platform that can facilitate multiple
instruments. A second goal is to work towards lighter
weight instrumentation packages with reliable power.
The environments across the polar regions vary suf-
ficiently that a single power package will not satisfy
all needs, but there are enough commonalities among
site needs that a common platform would be able to
satisfy most requirements.

The range of needs based on environmental condi-
tions include:

Sufficient power to deploy at sites with long



winters but modular to scale-down to lower latitude
sites,

Light-weight to be deployed by helicopter for sites
that are otherwise inaccessible,

Able to accommodate high snow accumulation (up
to meters per year) and wet summer conditions,

Able to survive extreme cold and high winds.

A common platform would greatly benefit the many polar
scientists that use both GPS and seismic instrumenta-
tion. The ability to add an additional instrument or two
would allow science teams to modify the system for their
particular needs and enable interdisciplinary, transforma-
tive science.

5.5.2 Personnel

UNAVCO and IRIS polar personnel already take advan-
tage of each group’s knowledge and experience. There are
several ways to improve the exchange of knowledge and
increase cooperation for both future development and de-
ployment of instruments. A few of possibilities include:

1) Co-locating the UNAVCO and IRIS facilities for easier
collaboration and training.

2) Obtaining dedicated space in McMurdo — a “Polar
Geosciences Support and Staging facility”, which would
be shared between IRIS and UNAVCO.

3) Creating shared internships for younger geoscientists
that would also relieve some of the pressure of intense
field schedules for field engineers.

4) Planning regular collaborative workshops between
IRIS and UNAVCO engineers to review successes and
challenges of various technology development and deploy-
ment efforts. These workshops should include represen-
tatives from users within the scientific community.

5) Cross training of field engineers to deploy/repair in-
struments from both organizations. Field engineers are
one of the resources that limit deployment and mainte-
nance of instruments. Cross training would not only in-
crease the efficiency of deployments but would also
increase the sharing of knowledge between the two orga-
nizations.

6) Ensuring communication regarding funding, planning,
and support between all polar organizations including
NSF-OPR IRIS, UNAVCO, Pls, and the science support con-
tractor.

5.5.3 Science

Similar to ANET and GNET, future scientific collaborations
are expected to lead to collaborative deployments that will
involve both UNAVCO and IRIS. UNAVCO and IRIS can help
stimulate these collaborations by providing a forum for
scientists to exchange ideas about regions and sites of
interest as well as about important scientific questions.
The format for this could be an annual workshop, virtu-
al on-line workshop, or online discussion forums. Using
such a platform, UNAVCO and IRIS can help encourage
multi-disciplinary, multi-PI projects that maximize scientific
value, efficiencies of logistics, field seasons, and collabo-
ration on data and other results.
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Recommendations

- Increase the level of cross-training within and be-
tween the facilities

- Continue close collaboration to improve power
and communication systems for continuously operat-
ing stations

- Foster and support collaborations with other po-
lar science communities to advance mutual goals of
improved data return and of quality from multi-sensor
stations

5.6 Improving Efficiencies

While the collaborations described above will lead to
more efficient use of resources, each organization can
also improve internal efficiencies. These include both lo-
gistical and organizational planning and also improving
communication and documentation with each science
group.

5.6.1 Modular, Scalable, Common Power and

Communication Platforms.

Improving power and communication technology for re-
mote field deployment is a theme throughout this chap-
ter because it impacts all aspects of maximizing science
while minimizing resource use. The power/comms MRI
made significant improvements in the power systems cur-
rently in use by both UNAVCO and IRIS but there is still
room for further improvement. Recently, more co-located
seismic and GPS stations have been deployed, but the
systems are still completely separate in terms of pow-
er and communications. Advantages of common support
systems are that they would be more reliable (shared en-
gineering effort), they would share common parts, they
would reduce the need for cross training, and they would
require similar tools for installation and maintenance of
each sensor system. Such power and communication
platforms would also offer greater accessibility within the
broader PI community for proven “off-the-shelf” remote in-
strumentation capability.

In terms of resource use, advances in battery technology
and power management can mean the difference between
an acceptable dataset and one that will provide transfor-
mative science results. It also means the difference be-
tween one helicopter flight or many. There are a number
of approaches that will contribute to improvements, and
the system as a whole will benefit from advances in all of
the following;:

1) Collaboration with other groups designing power and
communication devices for long-term installation to glean
the lessons learned. For example, the University of Wis-
consin AWS systems or NSIDC’s AMIGOS systems have
proven successful. IRIS and UNAVCO can learn from them
while also sharing their expertise.

2) Ensuring that the power systems are taking advan-
tage of the most advanced battery technology available
for a reasonable cost. The tradeoff between battery weight
and cost may be different for each site; a modular power/
communication platform that can accept different battery
types would be most useful. 37
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3) Maximizing solar and wind capabilities. Again,
these will be different for each site but ensuring that
the system takes advantage of the most advanced
technology possible for the cost is valuable.

4) Tailoring communication strategies can also im-
prove efficiencies. A flexible modular platform could ac-
commodate multiple data transmission strategies.

5.6.2 People

Cross training of field engineers, scientists, student
interns, and possibly even FSTP (Antarctic Field Safety
Training Program) mountaineers is an easy way to im-
prove efficiency for co-located deployments and main-
tenance, especially for remote installations. Each field
team must have at least one individual who is technical-
ly savvy enough to perform detailed troubleshooting of
all equipment on-site. Cross training can occur before
the field season at the UNAVCO or IRIS facilities but
can also occur during the field season. Downtime in the
field or in McMurdo can be used to provide additional
cross training and exchange of technologies and ideas.

5.6.3 Site Selection

As mentioned previously, improving the collaboration
and exchange of ideas among scientists can result in
collaborative projects or sharing field logistics for com-
mon remote sites. UNAVCO and IRIS can help facilitate
communication among scientists at the pre-proposal
stage, especially for deployment to new remote sites.

5.6.4 Experiment Planning and Execution

In both the pre-proposal and pre-deployment planning
stages, improvements in documentation (including ver-
sion control) and access to documentation would help
make the planning process smoother and more effi-
cient. The lead time between an award made by NSF
and the field deployment required for that award can
sometimes be as little as three months. This leads to
a spike in activity and less flexibility in the field prepa-
rations. Although for some projects this might be un-
avoidable, for others, efforts on the part of NSF and the
Pl to increase this lead-time will improve the pre-field
planning and design process. Adopting a four or even

five year award length for complex field projects would
seem to be warranted.

Further, if documentation from one project is avail-
able for other projects, this would help the process of
knowledge transfer among projects and learning from
successes and challenges of each system design and
deployment.

5.6.5 Logistics

Although the logistics are different for each site,
there are ways to greatly improve the efficiency of de-
ployments and maintenance of many locations. The
largest “hub” of UNAVCO and IRIS work is McMurdo
Station.

1) Currently, UNAVCO and IRIS use space shared with
all science projects in Crary Lab. This area is often
crowded with limited space for staging and testing in-
struments. UNAVCO and IRIS have moved beyond their
role as small science events. We suggest a “Polar Geo-
sciences Support and Staging facility” in McMurdo that
would be dedicated to UNAVCO and IRIS. This facility
would provide space for testing equipment, staging
field deployments, training scientists or other person-
nel (such as FSTP), and storing instruments, tools, and
equipment that do not need to be returned to the main
UNAVCO and IRIS facilities over the winter. It is also
possible that the AWS team would benefit from inclu-
sion into this facility.

2) Because field engineers from both organizations
regularly visit various sites for maintenance as well as
new deployments, having them involved upfront with
aviation and resource planning within the USAP for
each season would greatly improve the efficient use of
human and equipment resources. This also includes
working with AWS teams to improve deep field forecast-
ing and weather station coverage.

Recommendations
- Engage with NSF to improve workspace for
testing, staging, and long-term storage of equip-
ment at field logistics hubs, particularly at McMur-
do Station

Maintenance visit to GNET cGPS Station “TREQ” in South East Greenland - Courtesy Jeremy Miner.
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Thursday, September 8:
Continental Breakfast 8-8:30 am
Opening Plenary session 8:30 am

Introduction/Welcome (15 min): Andy Nyblade and Carol Raymond

NSF presentation — OPP to articulate the need for this plan (20 min): Alex Isern

IRIS polar facilities review of how things are done now (20 min) — Kent Anderson, James Gridley,
Bruce Beaudoin, Tim Parker

UNAVCO polar facilities review how things are done now (20 min) — Chuck Meertens, Bjorn Johns,
Seth White, Joe Pettit

Science talks (what is the future of the field and why does the science need facility support?
Review of science from the APOS report)

Geodesy (30 min) — Leigh Stearns (glaciology), lan Dalziel (tectonics)

Break 10:15-10:30 am

10:30 am Science talks continued

Seismic (30 min) — Doug Wiens

Breakout session 1 11:00-12:30: Instrumentation - What is needed to support the science?

A: Geodesy — Bob Smalley/Sridhar Anandakrishnan
Permanent GPS stations
Temporary equipment pool (GPS, LIDAR, others?)
Equipment development

B: Seismic — Rick Aster/ Shad O’Neel
Permanent stations
Temporary equipment pool (BB, SR others?)
Equipment development



6.0 APPENDICES
Lunch: 12:30-1:30 pm

1:30- 2:30 pm Reports back to plenary session (30 min per group) with a
discussion on identifying areas of collaboration/coordination

Breakout sessions 2 2:30-4 pm: O&M logistics - What is needed to support the science?
A: Geodesy — Paul Winberry/ Slawek Tulaczyk
Permanent stations
Temporary deployments
B: Seismic — Meredith Nettles/Audrey Huerta
Permanent stations
Temporary deployments
Break 4:00-4:20 pm
4:20-5:20 pm Reports back to plenary sessions (30 min per group) with a discussion on identifying areas of
collaboration/coordination
Friday, September 9:
Continental Breakfast 8-8:30 am

Breakout session 3: 8:30-9:30 am Personnel and more - What is needed to support the science?

A) Geodesy — Gordon Hamilton/Chuck Meertens
UNAVCO personnel

B) Seismic — Doug Wiens/Bruce Beaudoin
IRIS personnel

C) What could/should the facilities do to support polar science and interact with other related science communities

collecting data from remote polar stations? Andrew Gerrard/Bjorn Johns/Kent Anderson

9:30-10:30 am Reports back to plenary sessions (20 min per group) with focus on identifying areas of
collaboration/coordination

Break 10:30-10:45 am
Breakout session 4: 10:45-12 pm Governance and Coordination — What is needed to support the science?
A) Governance — Andy Nyblade/Carol Raymond
RIS
UNAVCO

Joint oversight of facilities — role of PNSC?

B) Identify efficiencies in logistical support, equipment development, equipment maintenance, field personnel
etc; Develop model(s) for collaboration. — Tim Parker/Joe Pettit/Paul Winberry

Lunch 12-1pm
1-2 pm Report back to plenary sessions (30 min per group)
2-4 pm Review sections of facility plan, wrap up and writing assignments

Adjourn by 4 pm.
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Appendix C: Polar Facility Planning Workshop Attendees

LAST NAME

Anandakrishnan
Anderson
Aster
Beaudoin
Caccamise
Crain
Crain
Dalziel
Edmonds
Gerrard
Gooseff
Gridley
Hamilton
Hansen
Huerta
Isern
Ivins
Johns
Kyle
Meertens
Nettles
Nyblade
O’Neel
Palais
Parker
Pettit
Pettit
Raymond
Riley

Rial
Smalley
Stearns
Tulaczyk
Tweedie
White
Wiens
Winberry
Wiseman
Woodward
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FIRST NAME

Sridhar
Kent
Richard
Bruce
Dana
Jessie
Renee
lan

Hedy
Andrew
Michael
James
Gordon
Samanth
Audrey
Alexandra
Erik
Bjorn
Philip
Charles
Meredith
Andy
Shad
Julie

Tim

Erin

Joe
Carol
Paul
Jose
Robert
Leigh
Slawek
Craig
Seth
Douglas
Paul (Jeremy)
William
Bob

UNIVERSITY/ORGANIZATION

Penn State University
IRIS
New Mexico Tech

IRIS PASSCAL Instrument Center

Ohio State University

NSF (AIL)

NSF (ARC)

University of Texas at Austin
NSF (ARC)

New Jersey Institute of Tech.
Penn State University

IRIS

University of Maine
University of Alabama
Central Washington University
NSF (ANT)

JPL, NASA

UNAVCO

New Mexico Tech

UNAVCO

Columbia University

Penn State University

USGS

NSF (ANT)

IRIS PASSCAL Instrument Center

University of Alaska

UNAVCO

JPL, NASA

University of New Hampshire
University of North Carolina
University of Memphis
University of Kansas

UC Santa Cruz

University of Texas, El Paso
UNAVCO

Washington University
Central Washington University
NSF (ARC)

IRIS

E-MAIL

sxal7@psu.edu
kent@iris.edu
aster@ees.nmt.edu
bruce@passcal.nmt.edu
caccamise.l@osu.edu
jerain@nsf.gov
rcrain@nsf.gov
ian@ig.utexas.edu
Hedmonds@nsf.gov
andrew.j.gerrard@njit.edu
mgooseff@engr.psu.edu
james.gridley@iris.edu
gordon.hamilton@maine.edu
shansen@geo.ua.edu
huerta@geology.cwu.edu
aisern@nsf.gov
Erik.R.lvins@jpl.nasa.gov
johns@unavco.org
kyle@nmt.edu
meertens@unavco.org
nettles@I|deo.columbia.edu
aan2@psu.edu
soneel@usgs.gov
jpalais@nsf.gov
tparker@passcal.nmt.edu
pettit@gi.alaska.edu
pettit@unavco.org
carol.a.raymond@jpl.nasa.gov
paul.riley@unh.edu
jose_rial@unc.edu
rsmalley@memphis.edu
stearns@ku.edu
tulaczyk@es.ucsc.edu
ctweedie@utep.edu
white@unavco.org
doug@giseis.alaska.edu
winberry@geology.cwu.edu
wwiseman@nsf.gov
woodward@iris.edu
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