Official Proposal for the I nternational Polar Year 2007-2008

The Yeti Project: “ Permanent network of Polar Autonomous Geophysical
Stations interconnected through a Polar Communication Backbone”

by INGV (Italy) — University of Newcastle (UK) — Institute for solar-terrestrial physics (Russian Academy of Sciences)
(contact point: Arrigo Caserta — caserta@ingv.it)

Proposal Abstract

Project’s Outlines. Briefly, this proposal suggests to:

1. Set-up a Cluster of permanent Polar Autonomous Geophysical Stations (PAGS) for
geophysical studiesin Arctic/Antarctic regions.

2. Set-up an Arctic/Antarctic Communication Network (ACN) to make PAGS communicate
together.

3. Develop advanced Earth observation instruments for such extreme environments, low power
electronics, novel technologies for autonomous power supply, remote management, and data
supply to scientists.

4. Foster know-how outreach and develop of an educational program in Polar Sciences &
Technology.
We underline that this is a whole concept since points 1, 2, and 3 are tight correlated, and we
believe that a 5 year project with 2 years of development and testing is allowable and reasonable.
Last but not least, if the proper support is received to carry the Y eti project, during the IPY it will be
supportive to and synergistic with many ideas independently suggested to the IPY committee.

Proposal background. This proposal is actually the organic statement of a joint project coming
from the ideas independently submitted to the IPY committees by the three proponent groups
mentioned below giving team leaders contact info.

Dr Arrigo Caserta Principal Investigator Istituto Nazionale di Statement of Intent as of
caserta@ingv.it Geofisica e Vulcanologia June, 15th 2004 “ Cluster
(INGV) of permanent Polar
http://www.ingv.it/ Autonomous Geophysical
Viadi VignaMurata, 605 Stations (PAGS)
00143 Roma interconnected through an
Italia Arctic/Antarctic
tel. +39-06-51860494 Communication Network
fax: +39-06-51860507 (ACN)” submitted to the
Italian IPY committee.
Dr Matt King Co-Investigator University of Newcastle Idea 206 “ Polar
m.a.king@newcastle.ac.uk United Kingdom Autonomous Network of
Geophysical Stations
(PANGS)”
Dr Gely A. Zerebtsov Co-Investigator Institute for solar- |dea 382 “Research into

uzel@iszf.irk.ru

terrestrial physics
Russian Academy of
Sciences

solar-terrestrial
connections and physical
processes in Sun—Earth
system for Polar regions’

Our joint effort concerns the statements mentioned in the above outline because they are common
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essential needs in order to alow ours respective scientific studies, as well as the exchange of
relevant scientific data, their comparison and results evaluation.

Executive Summary

The goal of long-term Polar observations is to increase the availability of long-term environmental
data, the more collected data are available, the more dynamical models are accurate. The Polar
regions are among the Earth’s most sensitive to environmental changes and also have exceptionally
long natural climate records, unfortunately, recording datais not always an easy task in regions not
ready accessible like the Arctic, Antarctica, and several equatorial zones.

This project will accomplish high scientific level research goals and cost savings through the
development of autonomous data gathering platforms utilizing embedded micro-electronics and
emerging communication capabilities. The benefits include, but are not limited to, understand the
Earth-system from a scientific point of view, deal better with natural Hazards, be able to forecast
el ectromagnetic waves' ionospheric transmission, plan suitable preventive actions in case of natural
disasters, foresee the potential economical impact of extreme events on satellites, GPS systems, etc.
This proposal details the “Yeti project” to set up permanent Polar Autonomous Geophysical
Stations (PAGS) in order to enable simultaneous geophysical studies by the acquisition of tectonic
motion, seismic, isostatic rebound, ionospheric, geomagnetic activity, magnetic storms, geo-electric
fields and meteorology data. Beside the scientific goals already presented in ours aforementioned
IPY ideas, we plan to perform geo-dynamic upper Lithosphere studies such as isostatic rebound and
tectonic motion that are major unknowns in the current and past history of the evolution of the
Antarctic continent. We want to conduct a wide range of geomagnetic measurements and radio
wave propagation observations. An important development, is the correlation of Synthetic Aperture
Radar Interferometry data with ground-gathered data, as well as the continuous monitor of
deformations of the ground surface and its correlation with GPS and Interferometry to evaluate
Terrestrial differential motions. To probe deeply into dynamical Earth’s models, the “Yeti project”
adopts an integrated systems approach to design a successful autonomous station capable to solve
power generation, thermal management, data storage, communications, and structures problems.
Major challenges of the “Yeti project” are the development of advanced Earth observation
technologies for such extreme environments and the set-up of an Arctic/Antarctic Communication
Network (ACN) to make PAGS communicate together, both objective will enable near-real-time
remote observations and open a possibility to compare a picture of geophysical processes alowing
us to separate local and global geophysical phenomena. Last but not least, the community would
benefit from exchange of information, therefore scientists, engineers, and industry partners will be
involved with scientific outreach activities.

This proposal, according to the “Initial Outline Sciences Plan,” refers to Theme 5 nevertheless,
Themes 2 and 3 could benefit from and are synergistic with our project, contributions to the IPY
initiative are detailed in a specific section hereafter. In the following pages, we detail the “Y eli
project” objectives, as well as topics, issues and problems involved with its realization. Proponents
details, research interests, and project’ s scientific background are given at the end of the proposal.
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Scientific and Technical Foreword

The implementation of the new concepts generated by extensive research activities allowed
substantial improvement in dynamical knowledge concerning the Solid Earth, the high atmosphere
as well as the dynamical features of Earth-Sun system. As a consequence, more detailed
geodynamical, atmospheric circulation, ionospheric, and geomagnetic field (both internal and
external) models have been developed. The more collected data are available, the more dynamical
models are accurate. The benefits are not limited to scientific researches: useful applications include
deal better with natural Hazards (i.e. seismic, hydro-geologic, atmospheric, etc...) and be able to
forecast electromagnetic waves' ionospheric transmission, to name two.

The Polar regions are among the Earth’s most sensitive to environmental changes and also have
exceptionally long natural climate records, unfortunately, recording data is not always an easy task
in regions like Antarctica, North Pole, and several equatorial zones. In such areas, the lack of
knowledge about physical mechanisms producing sharp variations in the dynamical atmospheric
circulation behavior or in high atmosphere (e.g. ionosphere), as well as the lack of knowledge of the
geodynamical and seismological data, does not allow to produce physical models suitable for
forecasting purposes and more in general, for dealing with natural Hazards. Therefore, the goal of
long-term Polar observations is to increase the availability of long-term environmental data
distributed over several sites especially those not ready accessible. The Arctic and Antarctica are
expensive and difficult places because they are the most isolated places on Earth and have harsh
environmental conditions. Antarctica drives very special challenges. in some regions temperatures
have been recorded as low as -90°C, wind at nearly 90 m/sec, and absolute humidity lower thanin a
desert, active volcanoes exist. During the last decades, an extraordinary scientific, cultural and
economic effort has been made to develop new techniques to collect, analyze, store and transmit
geophysical data. Nevertheless, scientists are looking for ways to accomplish research goals at the
lowest possible cost and still maintain a high level of scientific value. This project will address cost
savings by reducing requirement for on-site operations and supporting staff through the
development of autonomous data gathering platforms utilizing embedded micro-electronics and
emerging communication capabilities. The number of autonomous systems in extreme
environments will certainly increase because there are experiments that require their use. While
these systems may vary in size and power requirements, they have similar problems that must be
overcame in order for them to function properly at polar regions. These problems include, but are
not limited to, issues related to power generation, thermal environment, data storage,
communications, packaging, and modular portable structures. The Yeti project states that an
integrated systems approach must be used to design a successful autonomous station: changes in
one subsystem may dramatically impact another components. For example thermal systems impact
power systems, EMI and cabling impact on data integrity and electronics, scientific instruments
data impact on communication subsystems, and al these systems may have feedbacks on
themselves.

Having said that, it is time to set-up a permanent network of autonomous geophysical stations able
to collect relevant scientific data. The knowledge of the homogeneous distribution of geophysical
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data on the Earth is relevant not only to better understand the Earth-system from a scientific point of
view, but also in order to better direct future research, to better formulate constrains for forecasting
models, to better deal with natura Hazards. Moreover, having such data, will be possible to plan
suitable preventive actions in case of natural disasters: earthquakes, landslides; and to foresee the
potential economical impact of extreme events i.e. geomagnetic, solar and ionospheric storms able
to obscure satellite transmissions, GPS systems, etc.

Project Objectives

1. Set-up a Cluster of permanent Polar Autonomous Geophysical Stations (PAGS) for
geophysical studiesin Arctic/Antarctic regions

Priority researches concern simultaneous acquisition of tectonic motion, seismic, isostatic
rebound, ionospheric, geomagnetic activity, magnetic storms, geo-electric fields and
meteorology data to probe deeply into dynamical models of the Earth.

To implement this objective:

a preliminary standardization of al geophysical and laboratory procedures must be achieved; a
standardization committee will constantly revise the “Yeti scientific criteria’ on the basis of
international literature, observations, and users’ suggestions;

the selection of useful sitesis a mandatory task, thiswill be driven by scientific needs, to date we
can anticipate that in Antarctica we can reuse old and abandoned bases and locations involved in
the ongoing INGV’ s group feasibility study (Terra Nova Bay, Gondwana, Skinner Ridge, David
Glacier and part of the Transantartic Chain), as well as those used by the University of
Newcastle group (Amery Ice Shelf, etc..), on the other hand, in the Arctic can use the sites
proposed by the Russian Institute for solar-terrestrial physics group (Norilsk, from Kolsky
peninsulato Chukotka);

we will deploy multi-instrument Geophysical Stations able to work aone in order to collect,
record and transmit data all the year in areas where a lack of geophysical knowledge exists for
correlated multidisciplinary studies; such stations will enable global tectonic, atmosphere, Earth
and ocean interactions studies, while clusters alow to compare geophysical processes e.g. local
seismicity and ice-quakes, to name two;

to date, scientific instruments included in all stations will be an RTK-GPS receivers, a
seismometer, tilt sensors, a meteorological station, a lightning sensor; generally speaking,
sensors networks will be designed for different spatial scales according to the research purposes,
i.e. geodynamical studies, regional studies or local studies;

a specific case report will be open for each geophysical topic, that is seismology, ionosphere,
geomagnetism, meteorology, oceanography, etc; data of each geophysical topic will be stored in
the“Yeti DataBank”, available for allowed researchers and accessible from everywhere.

The “Yeti Permanent Network,” once fully operational, could offer services to support
geophysicists, research institutes, observatories, etc... at severa levels. Each PAGS by itself
is a scientific point of presence, as well as data, once gathered and stored in the “ Y eti Data
Bank,” are remarkable resources. For example:

PAGS can host other instruments over the basic configuration, required both by our research
groups and anyone else outside our proposing team, allowing a broader level of multidisciplinary
scientific studies monitoring scientific topics besides Geophysics such as Biology, Chemistry,
Radio astronomy, Satellite operations, €tc...;

it could be possible to supply (geomagnetic, ionospheric, GPS, geodynamical) data collected by
the “Yeti stations’, to name but a few, isostatic rebound and tectonic motion come straight from
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the GPS measurements and are major unknowns in the current and past history of the evolution
of the Antarctic continent, exploiting the dual-frequency capability of RTK-GPS receivers we
can estimates scintillation parameters;

- Yeti data and information systems can support specific studies for Governmental and private
Organizations such as post-processing of observed data, model development and validation;

- afurther possibility is the user’s active interaction, who could provide feedbacks concerning
their needs.

Going head from the permanent network set-up to Scientific Research, the proposing team is
currently involved with several geophysical studies, these include, but are not limited to,
what was aready presented in each of ours aforementioned IPY ideas. As a brief overview
of our respective scientific goals, exploiting the seismic acquisition subsystem capabilities to
record all three components of seismic waves with a period up to nearly 50 seconds we
perform geo-dynamic upper Lithosphere studies. We apply geodetic techniques for
improved understanding of the Antarctic continent, including response to loading and glacial
dynamics. We make estimations of tropospheric water vapour from GPS for net
accumulation estimates and the application of joint GRACE/CryoSat/GPS measurements to
better understand the mass balance of Antarctica in entirety. Moreover, we can perform a
wide range of geomagnetic and ionospheric measurements, optical atmospheric
observations, as well as cosmic rays and radio wave propagation observations. In Polar
zones, the divergence of the geomagnetic field takes place, the consequences are relevant in
lonosphere dynamics and more in general in the Sun-Earth interaction. This is very
important to formulate space weather models. The same holds for geodynamical and
seismological data to formulate geodynamical models of the Earth crust, as well as for
climatologic models. It has become evident in recent years that the strength of and stress
within the crust is highly heterogeneous over a broad range of scales. This heterogeneity is,
in general, highly discontinuous and usually scale invariant. This realization has far reaching
consequences for a broad spectrum of crustal phenomena. These include: seismic wave
propagation, crustal imagery, fluid-rock interactions, earthquake and stress diffusion,
earthquakes triggering. An important development, is the correlation of space data with
ground dataa SAR (Synthetic Aperture Radar) Interferometry (INSAR) technique is a
powerful tool for the detection of centimeric and/or millimetric surface displacements and
the generation of Digital Elevation Models (DEMS). In the last years the use of satellite
based SAR data had a rapid diffusion in the Earth Observation research field. In particular
SAR data are used to study earthquakes, volcanoes, landdlides, flooding, ice streams. Last,
but not least, in order to better understand the regional geodynamical motions, identify
active seismic faults, as well astry to predict where a possible breaking could occur and also
to estimate its magnitude we can continuously monitor the tilt deformation of the ground
surface. This helps seismologists to understand the link between electric field variations and
the strain state, if any, of the region under study and therefore allows the definition of stress-
strain maps. Moreover, that monitoring is useful to investigate the role played by the Sun
and its activity on the aforementioned electric field variation at the surface of the site under
study. This is particularly important in areas where such knowledge is fully missed as in
Antarctica. If tilt network data were correlated with RTK-GPS and InSAR data we could
better evaluate Terrestrial differential motions.

2. Set-up an Arctic/Antarctic Communication Network (ACN) to make PAGS
communicate together
Priority activities concern the integration of communication systems in PAGS and the set-up
of a Polar communication backbone to enable near-real-time remote observations. Thisis of
a special importance since it opens a possibility to compare a picture of geophysical
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processes being occurred simultaneously in Arctic and Antarctic, thus alowing us to
separate local and global geophysical phenomena.

To implement this objective:

- a preliminary screening of possible (Satellite, WLAN, Radio modem, H/F, etc...)
communication technologies must be achieved,;

- atechnical working group must define a standard protocol and will constantly revise this “Yeti
communication criteria’ on the basis of international literature, experience, and suggestions of
end users;

- the definition of a network architecture and the selection of strategic locations useful for
backbone uplinks and how PAGS communications could affect experimental sites selection is a
required task;

- issues regarding cost, power consumption, data rates, distances, interference, latency, latitude,
two-way communications, remote control, transceivers, data relay systems, security mast be
carefully addressed;

- the design and engineering of a “Yeti communication system” deploying low-cost commercial-
of-the-shelf components through a tight cooperation with industrial partnersis mandatory;

- the development of data flow and data relay procedures for low-cost near-real-time access to
remote instruments being able to control and set equipment, as well as retrieve data will be an
important breakthrough;

- to date, we plan to deploy a medium-range wireless transmission technology in each PAGS
(tests are undergoing at INGV), as well as along distance communication systems for PAGS at
strategic locations that will be connected together to accomplish the aforementioned ACN
backbone.

The “ACN” could offer services to support remote observatories, as well as global

operations in Polar regions. For example:

- science platforms could be monitored, adjusted and re-calibrated by scientists at their home
laboratories or institutions through user-centered virtual private networks (VPN);

- any existing network could be interconnected with private virtua circuits, which grant
differentiated services and security, so that our ACN can accomplish a Polar Wide Area
Network;

Last but not least, we envisage considerable research opportunities for autonomous
platforms in remote regions including two-way communications, real-time data
transmissions, global coverage and reduced costs given by a variety of commercia low-
Earth orbit (LEO) satellites. They were produced by industries and are now in, or will be
soon, widely operational; being closer to Earth, low-power lightweight transmitters,
receivers, and omni-directional antennas can be used. They may provide a solution for a
Polar-wide communication backbone at Arctic/Antarctic latitudes.

3. Develop advanced Earth observation instruments, low power electronics, novel
technologies for autonomous power supply, remote management, and data supply to
geophysicistsin such extreme environments
Priority is given to finalize the PAGS's autonomous system and its sub-systems
(communications, scientific instruments and sensors, data acquisition, power generation,
thermal management, embedded data systems, and PAGS' s structures). This could appear as
an underlying technology task, upon this, indeed, depends the success of the whole Yeti
project. Assure enough allowance for technologies is one of the main breakthroughs we
have to achieve.

To implement this objective the prevailing guidelines include:
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- scientific autonomy, operational autonomy, operations control, keeping things simple, planning
early, designing carefully, testing widely before final deployment, ongoing calibration-
validation;

- careful design and engineering is crucial for a successful autonomous system in extreme
environments, however, much can be learned from practical experience; a technical working
group will constantly revise the “Yeti technology criteria’ on the basis of experience and
industrial state of the art;

- achalenge will be to identify cost-effective solutions that can be transferred to, developed for,
and merged with geophysical applications,

- al the equipment components must be available off-the-shelf at low prices, and have withstood
the environmental conditions remarkably well;

- the various subsystems must be put into a physical framework that fit requirements such as size,
weight, operator controls, making the pieces work together because heating, cooling,
electromagnetic interference, venting, or other problems may arise when a group of electronics
are packed into atight space;

- the data box assembly and packages must be able to withstand transport, temperature variations,
shocks, vibrations, splashes, or sprays;

- when designing the completely integrated unit PAGS's structure must be taken into account, we
have to workout its thermal design and housing modules must be able to withstand transport,
harsh temperatures, and high windso

- we must construct a thermal model by characterizing the environment first and thoroughly
understanding the configuration of the instrument/assembly; the power levels generated within
the instrument must be known as a function of time;

- we will use the therma model to figure out thermal performances tuning it during pre-
deployment tests, then the model will be validated and correlated with real world when actual
instrument data becomes available;

- we mast evaluate power generation with photovoltaic, wind, batteries, fuel cell and other
sources; power management, regulators, temperature compensation, low voltage cutoffs,
hysteresis are to be taken into account in early stage design cycle;

- we will employ an embedded data systems to perform PAGS tasks, critical duties include data
collection, processing, data retrieval operations, storage, system monitoring, command and
control, provide static state of health information, time tagging, data integrity, sample handling,
compression;

- must be carefully addressed sensors’ feedbacks to the autonomous system, seismic noise, optical
noise and EMI/RFI, icing, static electricity; electrostatic discharge (ESD) is another common
source of problems in extremely dry conditions, therefore all electrical systems must be built
with this problem in mind;

- data systems should be designed with the expected volume of data in mind because
meteorological experiments collect only a few hundred bytes of data per day, making storage
space only a minor issue, while seismic collect megabytes per day, requiring the use of low-cost
high-capacity storage media;

- since the extreme environments could limit remote data retrieval opportunities, the data volume
may necessitate on-site archiving for periodic retrieval; for on-site retrieval by field personnel
must be provided a simple mechanisms such as removable medig;

- availability of cold, mountain, wind tunnel, and generally speaking test facilities at each National
level to cooperatively use, as well as allowance for purchase of in-house test facilities are
challenges we must take into account;

- to date, each PAGS will be powered by a novel power generation system with fuel cells and
renewable sources, an embedded data system, a distributed data processing and switching
subsystem dedicated to sensors and scientific instruments;

- cooperative agreements with industries are essential to mitigate costs and join the efforts in new
technol ogies development; moreover, thiswill alow novel technologies and solutions to be early
deployed in this project.

Extremes temperatures, pressure, and vibration can adversely affect components, imposing
demanding requirements on PAGS s data system design that affect functions the system can
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perform and how each function is implemented. Limited development resources (e.g. time
and funds) often force tradeoffs in these specifications. As system complexity increases,
more failure points are introduced and more resources must be devoted to development and
testing. Testing is the most important task for successfully completing this scientific
program, so PAGS systems need to be simple enough to provide adequate time for whole
testing and personnel training. The thermal control of a PAGS poses multiple challenges for
the designer. The Antarctic environment shows temperatures ranging from barely 0°C all the
way down to -90°C and wind ranging from absence to windstorms, the sun is either very
low to the horizon or below the horizon. However, our experience showed that heavily
insulating the instruments to protect them from the potential cold, could ingenerate into an
over-heat situation. Thus, the problem of thermally controlling a PAGS means balance heat
from power utilizing equipment and the variation incurred within the PAGS or the
instrument box against changing environment conditions. The range of options for powering
PAGS includes renewabl e sources (e.g. solar and wind) and sources like fuel cells, propane
and diesel generators. As a matter of fact, environment is be the biggest limiting factor for
renewable sources: solar power is not a viable option during the dark season, nor is wind an
option in regions where it lacks. Diversified power sources overcome temporal variationsin
the renewable sources strength, but restrictions in weight and size might further limit
choices for particular applications. In all cases, temperature determines the key design
parameters. Battery freezing points depend on the electrolyte mixture and charge level, thus,
the charging system must have temperature compensation and both must be carefully
controlled to prevent batteries damages that could adversely affect all stations' components.
Finally, should be evaluated the need of a mechanism for safely venting exhaust gasses (if
any) without compromising the PAGS's thermal insulation. The INGV’s group initia
feasibility study in Antarctica have proved more complex interactions between environment
and systems than anticipated, thus, methods for data retrieval or system deployment have
changed with time. Classes of environmental problems identified include coastal high wind
and icing problems, mountain extremely high wind problems, plateau low wind problems
for significant power generation. Powering problems are largely solved for a few watts, but
it is still quite problematic from a few to 500 watts, while for the kWatt range industry
provides solutions but usually need to be re-engineered for deployment in Polar autonomous
systems. Storage problems for few bytes per day are largely solved, kBytes per day are
possible to be sent back via satellite, but MBybes per day still require to be logged on-site if
a suitable Polar communication backbone, the ACN in this project, is not built.

4. Foster know-how outreach and develop of an educational program in Polar Sciences &
Technology
The community would benefit from informal exchange of information and from scientific
outreach of the polar know-how with educationa initiatives. Scientists, engineers, and
industry partners will be invited to participate in the objective.

Accounts of long lasting experiences from current scientific programs have been invaluable
in envisaging future PAGS systems within polar regions and other extreme environments.
Therefore, we will build a “Yeti’s Handbook” to keep track of important issues, as a brief
outline, for all components we must cover the following topics:

- equipment, sensors (temperature, pressure, humidity, etc...), power sources, batteries and charge
controllers, heating control, communications, data storage, data logger, packaging, enclosures,
and structures;

- design, manufacturing, integration, insulation, construction materials, robustness, and testing
facilities;
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- products, manufacturers, specifications (temperature, altitude range, €tc...), costs;

- deployment, support equipment, maintenance, duty cycle, icing/snow build-up, servicelifein the
field, Polar-specific tips;

- experiments and results, reference meteorologica data, environmental considerations,
temperature control range, heat rejection, heat retention, comparison and analysis of thermal
data;

- how-to documentation project, recommendations, summary of do’'s and don’ts, knowledge gaps,
emerging technologies, future needs, bibliography and list of resources, applications to future
missions.

Main educational activities proposed herewith include:

- aweb-based Yeti guideline, workshops, and seminars also addressed to universities and
high schools;

- asummer school in engineering and geophysics and a Master in Polar Sciences;

- promote dialogue between scientists and engineers on autonomous system design, make
recommendations on power, thermal, data, communications, and packaging systems,

- foster standardization as a recommended task for future systems design and testing,
which criteria should be met before systems are deployed in polar regions.

Contribution to I PY program/key action objectivesin Geophysics

This proposal, according to the “Initial Outline Sciences Plan,” refers to Theme 5 “To use the
unique vantage point of the polar regions to develop and enhance observatories studying the Earth’s
inner core, the Earth’s magnetic field, Geospace, the Sun and beyond” nevertheless, could benefit
from and are synergistic with our project both Theme 2 “To quantify, and understand, past and
present environmental and human change in the polar regions in order to improve predictions’ and
Theme 3 “To advance our understanding of polar - global interactions by studying teleconnections
on all scales’.

The “Yeti project” will supply the geophysica community with a fundamental tool to bridge the
existing knowledge gap, to generate an efficient policy to better handle Natural Hazards, to improve
the efficiency of governmental intervention planning outside the polar regions. For the first time, a
system able to monitor Antarcticain near-real-time will be set-up giving a remarkable improvement
to geophysical Polar observations. Yeti will be managed to support recognized geophysical centers,
researchers, as well as end users wherever they are making available planning data. The project
could foster the establishment of a technology program and encourage the cultural change among
the scientists for taking the time to develop and test equipment before deployment. For example, an
informal technology resource group within the community could arise enabling collaborations
between engineers and scientists for designing systems that meet the scientific goals, as well as
better cross-institutional collaborations including partnerships with industries.

The set-up of such a geophysical network implies a remarkable logistic effort, a multidisciplinary
approach, a relevant international cooperation and support. Logistics/deployment issues include
load, altitude, ruggedness, door size, ease of assembly, adaptability, human factor, Twin Otter, C-
130 Hercules and helicopters payloads capabilities and payload sizes.

Following the spirit of the IPY initiative, the “Yeti project” aims and is committed to the widest
integration of interested scientific groups outside the proponents team. To this end, there are
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contacts in place with other IPY proponents whose ideas are closed to and could benefit from our
proposal. We made a statement of intent to collaborate with them to develop this“idea” up to ajoint
project in Artic/Antarctic regions during the IPY. Thelist below isabrief reference of such deals.

Dr Michel Raoth (michel.roth@bira-iash.oma.be) of the Belgian Institute for Space Aeronomy proposed
the Idea 299 and stated his interest in point 3 of this proposal if we include instruments dedicated to the
determination of auroral arc thickness. Their possible collaboration on the basis of a multidisciplinary
study would consist on the validation of their theoretica methods for the formation of discrete auroral
arcs by ground-based instruments developed by our team. He pointed out that measuring arc thickness
needs to be done at different locations adding that our statements 1 and 2 are also very pertinent to his
pUrposes.

Dr Andreas Veit (andreas.veit@iaag.geo.uni-muenchen.de) of the University of Munich proposed the
Idea 091 and stated hisinterest in international cooperation to setup a geodynamic network in Antarctica,
pointing out the need of financial and logistic support through grants, fellowships, etc... to develop this
idea. He, also, made some remark and suggestions for our objectives. With regard to point 1, suggested
other Antarctica locations where deploy PAGS: Bulgarian St. Kliment Ohridsky Base South Shetland
Islands, British King Edward Point South Georgia and British Rothera Base Antarctic Peninsula (BAS
statement already not ...present!), German Georg von Neumayer Base Dronning Maud Land. With
regard to the other objectives, underlined that an integrated network linked to existing national and
international will provide a powerful tool for studying geodynamic processes and introducing a new
generation of delicate and durable instruments will help to get geophysical data from remote places.
Moreover, real time access on results and scientific progress from scientific investigations in Antarctica
will provide a better public understanding about the importance of global processes. Last but not least,
by involving young scientists in Antarctic programs will train the next generation on the one hand and
will establish the need of polar sciences.

Dr James Mad anik (james.maslanik@colorado.edu) of the Colorado Center for Astrodynamics Research
at the University of Colorado proposed the Idea 038 and stated his interest in collaborating on a possible
common IPY effort since our objectives would be an excellent contribution to the IPY. He pointed out
his concern on the fact that with the IPY being only a couple of years in the future, there will not be
enough time to get funding and projectsin place.

Dr Giorgiana De Franceschi (defranceschi @ingyv.it) of the Istituto Nazionale di Geofisica e Vulcanologia
proposed the Idea 367 and underlined her high interests in the “Yeti project” since it is supportive to her
researches purposes and to the other INGV Idea 135 concerning TANGO (Temporary Antarctic Network
of Geophysical Observatories).

Professor Peter G Johnson (peterj@uottawa.ca) of the Department of Geography at the University of
Ottawa as Chairperson for the Canadian Polar Commission, who foster the Idea 356, will convey a
possible collaboration with us to the Canadian Steering Committee.

Proponents’ Overview

Our three groups have aremarkable experience in polar studies.

The INGV (lIstituto Nazionale di Geofisica e Vulcanologia — Roma, Italy) group is actualy formed
by 4 teams:

0 anINGV team, leaded by Dr Arrigio Caserta, that has been doing experimental observations at
Terra Nova Bay (Antarctica) for five years and in the last two years performed a preliminary
study for seismological permanent stations. During the next campaign this year will set-up the
fina feasibility study’s test-bend platform to asses a comprehensive set of field and technical
requirements. To this end, the group is cooperatively working with a private company, who
widely contributed to this proposal, for the design and develop of a suitable station system,
power generator and communication network, to name the main technological issues of the
agreement. The group competence and research interests include: seismology, earthquake effects
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and shaking modeling, numerical modeling of wave propagation in viscoelastic media, seismic
data collection through arrays design also in Artic/Antarctic sites; Radar interferometry; G.1.S,,
real-time hazards management, and other Geophysics software. The INGV also developed an
high-performance 24 bit seismic acquisition device widely adopted in our homeland
observations, as well as deployed for the National Earthquake Control system its in-house made
real-time analysis and alert software. The group will support the “Yeti project” in overal
coordination fostering multidisciplinary researches, cooperation between international research
groups, and agreements with private companies. On the scientific hand, wants to go beyond the
current know-how and probe deeply into seismological problems. Last but not least, will give a
strong technical, structural, logistic and scientific contribution to the objectives proposed
herewith.

0 A National Ingtitute for Oceanography and Experimental Geophisiscs (INOGS) team,
coordinated by Dr Aladino Govoni, that isin charge of researches with regard to Oceanography,
Environmental Geophysics, Seismology (NE Italy, Antarctica), Geophysics Modeling, Geodesy.
Within the Institute, at the Center for Seismologica Researches (CRS), the team develop
software for waveform data management and archival, web services for interactive data access,
and digital data transmission. They coordinate the real-time data exchange project INTEREG
(Italy-Slovenia-Austria), contribute to the real time permanent seismic network management
(RSFVG) and to geodetic networks (FREDNET).

0 A Universita degli studi di Roma 3 team of physicists, coordinated by Dr Giuseppe Della
Monica, that has competence in investigating the underground distribution of the natural or
induced electrical fields reveled on the ground surface, characterize bodies under soil physics
and geometry, and construct maps to explain the geometry of the underground water. Their
contribution will be on tilt networks, tilt field analysis, self-potential surveys, high definition
electric and double-dipol e tomography.

0 A University College of Dublin team, reference contact Dr Daniela Pandolfi, whose research is
focused on the nature of complexity in crustal systems.

e The University of Newcastle (UK) group, leaded by Dr Matt King, is involved in the application of
geodetic techniques for improved understanding of the Antarctic continent, including response to loading
and glacial dynamics. A detailed example of this is the application of historical survey information
combined with modern GPS measurements to better understand the dynamics of the Amery Ice Shelf and
its change over a 30 year period. More broadly, their interests also lie in estimation of tropospheric water
vapour from GPS for net accumulation estimates and the application of joint GRACE/CryoSat/GPS
measurements to better understand the mass balance of Antarcticain entirety. The group will support the
“Yeti project” with structural, logistic and scientific contributions to the objectives proposed herewith.

e The Ingtitute of solar-terrestrial physics (Russian Academy of Sciences) group, leaded by Dr Gely
A. Zerebtsov, has Polar geophysical studies among the main priorities. They have a large geophysical
observatory beyond the Polar Circle in Norilsk, where a wide range of geomagnetic and ionospheric
measurements, as well as cosmic rays and radio wave propagation observations are being carrying out on
the permanent basis. A remote point of this observatory is equipped for optical atmospheric observations.
In Russia, they successfully cooperate with Arctic and Antarctic Research Institute and other institutions
being in charge of polar studies. They have a positive experience of scientific cooperation with
colleagues in Sweden, Finland and Norway. The group will support the “Yeti project” fostering
cooperation between international research groups to probe deeply into multidisciplinary researches and
will give a strong technical, structural, logistic and scientific contribution to the objectives proposed
herewith in the Arctic.

To date, we envisage could exploit funding support offered by these bodies:
v EU (European Union) Europe

ESA (European Space Agency) Europe

PNRA (Antarctic National Research Program) Italy

CNR (Nationa Research Council) Italy

MIUR (University and Research Department) Italy

NN NN
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ASl (Italian Space Agency) Italy

EPSRC (Engineering and Physics Sciences Research Council) UK
PPARC (Particle Physics and Astronomy Research Council) UK
BNSC (British National Space Center) UK

AN N NN

“Yeti Project” Scientific & Technical Backgrounds

5. ANSWER (Antarctic Seismic Web Resources) http://rses.anu.edu.au/sei smol ogy/answer/index.html

6. Bindschadler, R., M.A. King, R.B. Alley, S. Anandakrishnan, and L. Padman, Tidally Controlled Stick-Slip
Discharge of aWest Antarctic |ce Stream, Science, 301 (5636), 1087-1089, 2003.

7. King, M., Rigorous GPS data processing strategies for glaciological applications, Journa of Glaciology, in press,
2004,

8. King, M., and S. Aoki, Tidal observations on floating ice using a single GPS receiver, Geophysical Research
Letters, 30 (3), 1138 doi:10.1029/2002GL 016182, 2003.

9. Caserta, A., Ruggiero V., Lanucara P., 2002. Numerica Modelling of dynamica interaction between seismic
radiation and near-surface geological structures: a parallel approach. Computer & Geosciences 8/9, 1071-1079.

10. Rovelli, A., Caserta, A., Marra, F., Ruggiero, V., 2002. Can seismic waves be trapped inside an inactive fault Zone?
The case study of Nocera Umbra, central Italy. Bull. Seism. Soc. Am., 92 (6), 2217-2231.

11.Di Giulio, G., Rovdlli, A., Cara, F., Azzara, R., M., Marra, F., Basili, R. and Caserta, A., 2003. Long-duration
asynchronous ground motions in the Colfiorito plain, central Italy, observed on two-dimensiona dense array. J.
Geophys. Res.,108, 2486-2500.

12. Caserta, A., Zahradnik J., Plicka V. 1999. Ground Motion Modelling with a Stochastically Perturbed Excitation.
Journal of Seismology.

13. Report for the Autonomous Systems in Extreme Environments workshop. 31 August - 2 September 1999, Jet
Propulsion Laboratory, Pasadena, CA U.S.A. http://geodynamics,jpl.nasa.gov/workshop/autonomous_systems/

14. Automatic Geophysical Observatories in Antarctica. Univ. of Wisconsin http://space.augsburg.edu/ago/index.html

15. Antarctic Automatic Weather Stations Project http://amrc.ssec.wisc.edu/aws.html

16.Skone, S., M. El-Gizawy and S.M. Shrestha, Space Weather Predictions Service for Safety-Critica GPS
Applications, Proceedings of IEEE Position, Location and Navigation Symposium, Palm Springs, CA, April 15-18,
156-163, 2002.

17. Bragato, P. L., Govoni, A., The Friuli automatic earthquake alert system., 1999, Boll. Geof. Teor. App., 40, 59-77.

18. Bressan, G., Bragato, P. L., Govoni, A., Aftershock sequence analysis using a static fatigue approach., 2000, Boll.
Geof. Teor. Appl., 41, 1, 49-58.

19. Michelini, A., Govoni, A., Site amplification from earthquake data in Fabriano, central Italy., 2000, Geophysical
Research Abstracts, 2. In: European Geophysical Society, 25th general assembly, Nice, France.

20. Singh, D. D., Govoni, A., Bragato, P. L., Coda Qc attenuation and source parameters analysisin Friuli (NE Italy)
and its vicinity., 2001, Pure Appl. Geophys., 158, 1737-1761.

21.Salvi S, Stramondo S., Cocco, M., Sansosti E., Hunstad |., Anzidei M., Briole P., Baldi P., Tesauro M., Lanari R.,
Doumaz F., Pesci A. and A. Galvani (2002) - "Modeling Coseismic Displacements resulting from SAR
Interferometry and GPS measurements during the 1997 Umbria-Marche seismic sequence”, Journal of Seismology.

22.M.F. Buongiorno, V.J. Realmuto, Doumaz F.(2003) - "Recovery of spectra emissivity from thermal infrared
Multispectral Scanner (TIMS). Imagery aquired over a mountainous terrain: a case study from Mount Etna Sicily".
Remote Sensing of Environment Journal .

23. Zuccheretti, E, G. Tutone, U. Sciacca, C. Bianchi, B. J. Arokiasamy, The new AIS-INGV digital ionosonde, Annals
of Geophysics, 46/4, 647-659, 2003.
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