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This	
  one	
  day	
  workshop	
  will	
  explore	
  key	
  ocean	
  observational	
  challenges	
  and	
  
opportunities	
  within	
  the	
  context	
  of	
  global	
  monitoring	
  consisting	
  of	
  initiatives	
  in	
  the	
  
US,	
  Japan,	
  Australia	
  and	
  Europe.	
  	
  After	
  bringing	
  the	
  audience	
  up	
  to	
  date	
  on	
  the	
  
GEOSS,	
  the	
  discussion	
  will	
  focus	
  on	
  answering	
  a	
  series	
  of	
  questions	
  associated	
  with	
  
ocean	
  data	
  collection,	
  evaluation	
  and	
  decision	
  support	
  systems.	
  The	
  discussion	
  will	
  
focus	
  on	
  the	
  ability	
  to	
  build	
  on	
  existing	
  systems	
  to	
  develop	
  a	
  global	
  coordinated	
  
information	
  and	
  data	
  system	
  for	
  ocean	
  monitoring	
  to	
  better	
  understand	
  the	
  
dynamics	
  of	
  the	
  deep-­‐ocean	
  processes	
  throughout	
  the	
  ocean	
  water	
  column	
  (ref	
  GEO	
  
subtask	
  AR-­‐09-­‐03c,	
  ST-­‐09-­‐02).	
  	
  
The	
  unique	
  format	
  and	
  scope	
  of	
  the	
  workshop	
  serves	
  to	
  ensure	
  that	
  a	
  broad	
  range	
  of	
  
data	
  users,	
  scientists,	
  and	
  engineers	
  contribute	
  to	
  the	
  discussions	
  on	
  Earth	
  system	
  
models	
  and	
  the	
  use	
  of	
  environmental	
  data.	
  There	
  will	
  be	
  further	
  discussion	
  of	
  the	
  
benefits	
  and	
  impacts	
  of	
  a	
  community	
  of	
  practice	
  in	
  ocean	
  observations.	
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Stan Chamberlain, Steve Holt, René Garello, Al Gasiewski, Francoise Pearlman, 
Christoph Waldmann, Zdenka Willis 

 
The Global Earth Observation System of Systems (GEOSS) is a complex “system of 
systems,” including sensors, communication systems, spatio-temporal data infrastructures 
and other components essential for observing the Earth on all relevant scales and 
disseminating this information to users for a host of important societal benefits.  The 
proposed GEOSS workshop XXXVIII on “Evolution of Oceans Observing Systems – 
Building an Infrastructure for Science” focused specifically on the interoperability of 
individual ocean observatory initiatives in different nations and on different continents. 
Common challenges in regard to scientific and technical goals have to be identified and 
steps for a better coordination of the individual activities have to be made. Ideas of how 
to organize this endeavor were discussed like building a Community of Practice for ocean 
observatory systems. 
 
1. Workshop Theme 
The theme of the workshop follows the need to understand the capabilities of the major 
ocean observing systems to be used within the GEOSS era, and specifically new and 
existing cabled observing systems and their ability to address the data and information 
needs for science. This workshop is organized by the IEEE Committee on Earth 
Observations (ICEO) as part of an ongoing international series of GEOSS workshops that 
focus on data, science, and user themes pertinent to GEOSS. 
 
2. Workshop Objectives 
The IEEE GEOSS workshops focus on development of observing systems for Earth 
science and the system-of-systems engineering communities that form a core intellectual 
resource for integrating complex systems. The emphasis on ocean observation systems in 
this workshop serves to direct attendees’ attention toward key ocean observational 
challenges and opportunities within the context of both US and global monitoring. The 
unique format and scope of this GEOSS workshop serves to ensure that a broad range of 
data users, scientists, and engineers contribute to the discussions on Earth system models 
and the use of environmental data. 
After	
  bringing	
  the	
  audience	
  up	
  to	
  date	
  on	
  the	
  GEOSS,	
  the	
  discussion	
  will	
  focus	
  on	
  
answering	
  a	
  series	
  of	
  questions	
  associated	
  with	
  Ocean	
  data	
  collection,	
  evaluation	
  
and	
  decision	
  support	
  systems,	
  including:	
  1)	
  What	
  are	
  the	
  critical	
  issues	
  in	
  ocean	
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observing	
  systems	
  moving	
  beyond	
  the	
  current	
  state	
  of	
  the	
  art,	
  based	
  on	
  the	
  findings	
  
of	
  the	
  Oceanobs09	
  meeting?	
  2)	
  How	
  should	
  Ocean	
  Observing	
  Systems	
  interface	
  to	
  
provide	
  global	
  scale	
  information?	
  And,	
  3)	
  How can an Oceans Observing Community 
of Practice (OO CP) be organized? 

The benefits of this workshop are thus available globally, both in direct publications and 
in the impact that this workshop will have on the identification and implementation of 
GEO tasks. The activity also serves to connect the engineering community more closely 
with the Earth science modeling and Earth data user communities, thus enhancing an 
important three-way partnership necessary to see the maximum benefits from Earth 
observations.  

In the NSF sponsored GEOSS workshop in 2009 on Ocean Observing systems, 
the participants agreed to create an international Ocean Community of Practice to 
stimulate international information exchange and collaboration. It is anticipated that the 
proposed 2010 GEOSS workshop will be the focal point for nucleating of the Community 
of Practice. 
 
3. Workshop Details 
This one-day workshop was co-located with the IEEE Oceans 2010 conference. It was 
held at the Washington State Convention and Trade Center, in Seattle, Washington, USA, 
on Sunday, September 19th 2010 from 8:30 to 18:00. The workshop offered an agenda of 
key invited speakers noted for their expertise in ocean observing systems (see speakers 
CVs as Attachment I). Ample time was allocated to breakout sessions within which 
smaller groups exchanged views and provided proposed approaches to question posed to 
fulfill workshop objectives. A summary of the break-out group discussions was presented 
to the reconvened audience. Workshop presentations and break-out sessions summaries 
will be collected as part of the workshop proceedings and made available on the IEEE 
Committee on Earth Observation (ICEO) website at www.ieee-earth.org. Seventy 
participants attended the workshop (see attendance list as Attachment II) 
 
4. Sponsorship  
The organizations and agencies listed below are acknowledged for providing financial, 
organizational and/or logistical co-sponsorship of the GEOSS workshop: 

• National Science Foundation (NSF) – grant award OCE-1002495 
• IEEE Oceans Engineering Society (OES) 
• IEEE Committee on Earth Observation (ICEO) 
• Open Geospatial Consortium (OGC) 
• HYPOX Project.  

 
5. GEOSS Background 
The Global Earth Observation System of Systems (GEOSS) is envisioned to cover all 
aspects of Earth observations and in this way introduce a new capability for monitoring 
and providing data on environmental processes. GEOSS is a complex “system of 
systems,” including sensors, communication systems, spatio-temporal data infrastructures 
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and other components essential for observing the Earth on all relevant scales and 
disseminating this information to users for a host of important societal benefits. In 
addition, GEOSS includes models and data fusion processes to create usable information 
that is essential for decision making from the observational data. The 2003 Earth 
Observations Summit established the objective “to monitor continuously the state of the 
Earth, to increase understanding of dynamic Earth processes, to enhance prediction of 
the Earth system, and to further implement our international environmental treaty 
obligations”.  GEOSS goals are to achieve comprehensive, coordinated and sustained 
observations of the Earth system, in order to improve monitoring of the state of the Earth, 
increase understanding of Earth processes, and enhance prediction of the behavior of the 
Earth system.  
 
The GEOSS 10-year Implementation Plan states that GEOSS will provide the overall 
conceptual and organizational framework for integrated global Earth observations to meet 
user needs.  GEOSS is a system of systems consisting of existing and future Earth 
observation systems, supplementing but not supplanting their own mandates and 
governance arrangements. It provides the institutional mechanisms for ensuring the 
necessary level of coordination, for strengthening and supplementing existing Earth 
observation systems, and for reinforcing and supporting component systems in carrying 
out their mandates.   
 
The emphasis of GEOSS is on societal benefits, initially in nine key areas. Sound 
management of the Earth system, in both its natural and human aspects, requires 
information that is timely, of known quality, sustained, and global. Interpretation and use 
of Earth observations requires information on drivers and consequences of change, 
including geo-referenced socio-economic data and indicators.  The nine areas addressed 
in the GEOSS Implementation Plan are: 

• Disasters: Reducing loss of life and property from natural and human-induced 
disasters 

• Health: Understanding environmental factors affecting human health and well-
being 

• Energy: Improving management of energy resources 

• Climate: Understanding, assessing, predicting, mitigating, and adapting to climate 
variability and change 

• Water: Improving water resource management through better understanding of 
the water cycle 

• Weather: Improving weather information, forecasting and warning 

• Ecosystems: Improving the management and protection of terrestrial, coastal and 
marine resources 

• Agriculture: Supporting sustainable agriculture and combating desertification 

• Biodiversity: Understanding, monitoring and conserving biodiversity 
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Although all of the above societal benefit areas (SBAs) of the Implementation Plan are 
important for GEOSS, this workshop will focus specifically on the need to understand the 
capabilities of major Oceans Observing Systems to be used within the GEOSS time 
frame. 
 
6. Agenda 
 

GEOSS Workshop XXXVIII Evolution of Oceans 
Observing Systems – Building an Infrastructure for 

Science 

Morning Session  
  

Time Topic  Speaker  
Opening 

8:30 Welcome and opening RenŽ Garello  –Telecom Bretagne, Brest, 
France, and IEEE/OES 

8:40 Logistics and Introduction to Workshop 
Objectives 

Francoise Pearlman  – IEEE 
 

SESSION 1: GEOSS and Ocean Observing Systems – Moderator: David Conover, 
NSF 

8:55 GEOSS overview Alan Edwards , EC 

9:15 GEOSS Coastal Zone Community of 
Practice Paul DiGiacomo, NOAA 

9:30 IOOS – US Zdenka Willis , NOAA 

9:55 IMOS - Asia/Australia Simon Allen,  IMOS 

10:20 Refreshment Break 

SESSION 2: Observatories  - Moderator: Craig McLean, NOAA 
 10:45 Neptune –Canada Chris Barnes  – Neptune Canada 
11:10 DONET – Japanese Observing System Yoshiyuki K aneda  – JAMSTEC, Japan 

11:35 OOI –US 
Deborah Kelley  – School of 

Oceanography UW; Timothy McGinnis  – 
Applied Physics Lab, UW 

12:00 Lunch (NO HOST) 
13:10 Open-Ocean Observatories in Europe Henry Ruhl  – ESONET 

13:35 HYPOX  - Europe 
Christoph Waldman n Ð University of 

Bremen, Marum, Germany 

   

14:00 MARS – US Controlled sea floor CO2 
experiment 

Peter Brewer  – MBARI 
 

SESSION 3:Collaboration Opportunities – Moderator: Rick Spinrad  



Summary	
  Proceedings	
  –	
  GEOSS	
  Workshop	
  XXXVIII:	
  Evolution	
  of	
  Oceans	
  Observing	
  
Systems,	
  Building	
  an	
  infrastructure	
  for	
  Science,	
  Seattle,	
  USA,	
  September	
  19,	
  2010	
  

Time Topic  Speaker  
14:25 Germany/China collaboration Christoph Waldman n 

14:50 Panel on Information Systems and 
Interoperability 

Matthew Arrott , OOI Cyber-infrastructure; 
Zdenka, Willis , NOAA, Luis Bermudez , 

OGC   

15:15 Oceans Community of Practice  
 

Bob Weller , WHOI 
 

15:45 Refreshment Break 

SESSION 4: Breakout Groups 

16:05 Charter to Breakout Groups  Jay Pearlman , IEEE 

16:15 

Breakout Groups: 
 Group A – Critical Technical Issues for 
the Future 
 Group B – Ocean Observing Systems 
Interoperability 
 Group C – Oceans Community of 
Practice  

 

17:30 Reports of Breakouts and Panel 
Group A moderator/recorder 
Group B moderator/recorder 
Group C moderator/recorder 

SESSION 5: Closing 

18:00 Conclusion and summary 
18:20 Adjourn   

 
Workshop Session Moderators (from left to Right, David Conover – NSF, Craig 
McLean – NOAA, and Rick Spinrad – Oregon State University) 
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7. Summary of Presentations 
René Garello, from Telecom Bretagne, France, and VP from the Oceans Engineering 
Society, opened the workshop and welcomed the community. The purpose of GEOSS is 
to bring data and observations together, enabling interoperability between all Earth 
observation communities, and in particular with the Oceanographic community. 
 
Francoise Pearlman from IEEE introduced the workshop agenda and objectives.  
Recommendations coming out of this workshop will be distributed to the appropriate 
GEO teams, such as the Standards and Interoperability Forum (SIF), the Architecture 
Implementation Pilot (AIP), etc.  She outlined the key questions to be addressed during 
the workshop as follows: 
1. What are the critical issues in ocean observing systems moving beyond the current 

state of the art, based on the findings of the Oceanobs09 meeting? 

a. What are the projected long term goals and needs of ocean observations 
systems in 5-10 years? Based on what criteria? 

b. How can GEO/GEOSS be of help in achieving the needs of physical, 
chemical, biological observations? 

c. How should the academic community be preparing their students to support 
these ocean observing systems/ocean observatories? 

 
2. How should Ocean Observing Systems interface to provide global scale information? 

a.  Can collaborative efforts be used to help broaden data accessibility? 
- What are processes whereby data standards can be agreed to? 

b.  What gaps are there in existing observatories and observing systems? 
- How can one link the coastal and global components more effectively? 
- How can GEO promote gap filling? 
 

3. How can an Oceans Observing Community of Practice (OO CP) be organized? 
a. What are the overlaps and gaps between existing organizations including 

education and industry? How can an OO CP complement these efforts? 
b. What do you want to see the OO CP focus on?  
c. What are the success criteria for an effective OO CP? 
d. Since oceans in themselves are not a GEOSS societal benefit, how does the 

oceans community array itself across the GEO benefits to show its importance 
to each to them? 

 
 
David Conover from NSF introduced Session 1 on GEOSS and Ocean observing 
systems and moderated the session. 
 
Alan Edwards from the European Commission spoke remotely from Europe, providing a 
GEOSS Overview. He gave a brief history of GEO since 2002. Currently, GEO has 81 
countries and 58 participating organizations. The ministerial summit will be in Beijing in 
Nov 2010. He mentioned the 10 year work plan. He talked about the GEO vision 
(coordinated, comprehensive and sustained Earth Observation), and the purpose of 
GEOSS from the point of view of the GEOSS strategic targets (he referenced the GEOSS 
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Strategic Targets document). A GEOSS overview chart is showing the nine Societal 
Benefit Areas (SBAs). The GEOSS Common Infrastructure (GCI) enables improved 
cross-domain interoperability. Data has to be open (data sharing principles), and be able 
to be trusted (knowledge of quality and uncertainty) . A large investment is being made 
(Billions of $) by GEO members. The GEO strategic goals are vital to implement the 
System of Systems.  They include the following: sustainment of operations of 
comprehensive and coordinated space-based, airborne, and in-situ EO networks that meet 
user requirements; fostering Research and Development activities and coherent planning 
for the future. The basis for GEOSS interoperability: Systems contributed to GEOSS will 
maintain their existing mandates, while embracing the GEOSS data sharing principles. 
GEOSS interoperability means ability to perform a task that spans discrete information 
and technology components. GEOSS data sharing principles include full and open 
exchange, recognizing that we must deal with relevant international instruments and 
national policies; all shared data should be available with minimum delay and at minimal 
cost, or free of charge for R&D. He briefly showed the draft of the summit declaration 
article on full and open exchange of data, noting implementations guidelines and 
recommending commitment to maximizing the number of documented data sets, creating 
a data collection of open resources named the GEOSS Data-CORE, where CORE is an 
acronym for Collection of Open Resources for Everyone.  Data provided to the GEOSS 
Data-CORE will be full and open with no restrictions. Where do Oceans fit within the 
GEOSS SBAs? 
Oceans are primarily in ecosystems. Alan Edwards gave an example of several cross-
cutting tasks which are Oceans related in the GEO work plan: AR-09-02 (virtual 
constellations), AR-09-03; CB-09-03. There are a few ocean related tasks under other 
SBAs (biodiversity, climate, disasters, agriculture, energy, health, water, and weather). 
We need marine research on the marine system to understand and better predict impact of 
human activities and climate change on the marine environment. We also need research 
on marine resources and maritime economy, to develop the potential for sea-based 
activities. We need to expand the number of marine research infrastructures to include 
recognition that issues are inter-disciplinary leading to integration of knowledge; since 
funding for ocean programs are generally beyond the capabilities of a single state, 
acknowledge the need for improved synergy and  an increase in sustained observations; 
all of these will result in new governance mechanism. In conclusion, there is a need to 
shift from project-based observations to long-term time-series observations, to ensure full 
and open exchange of data, and to better coordinate projects and initiatives to ensure that 
they converge in meeting societal needs. 

 
Paul DiGiacomo from NOAA briefed on the 
GEOSS Coastal Zone Community of Practice 
(CZCP). Coastal zones are of significant 
scientific as well as socio-economic interest. 
The CZCP has its origins in the IGOS Coastal 
Theme, which was established in 2003, and 
included a number of participating 
organizations (GOOS, GTOS, CEOS member 
agencies and many others). The team focused 
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on cross-boundary (land, sea and air) user driven issues, such as coastal hazards, 
development and urbanization, coastal hydrological and biogeochemical cycles, and 
ecosystem health and productivity. This resulted in a set of prioritized coastal observing 
requirements. These requirements, along with an assessment of existing capabilities and 
gaps were captured in the IGOS Coastal Theme report, published in January 2006. Paul 
DiGiacomo showed the intersection between the IGOS coastal user related issues and the 
GEO SBAs. In the gap identification, he gave the example of harmful algal blooms, 
where space-based ocean color observations are frequently unavailable due to cloud 
cover; users would benefit from the more frequent ocean color observations that could be 
provided from geostationary orbit. The CZCP objectives were identified: engage coastal 
users and data providers to collaborate in the development of requirements for in-situ and 
remote coastal observations and derived products; evaluate current and projected 
observation capabilities against these requirements; promote the development of 
workshops and pilot projects; advise the GEO user interface committee in the area of 
coastal zones observations and related SBAs. Present activities include the development 
and conduct of regional user workshops; development of a community web page; 
interacting with relevant GEO tasks; support and stimulation of pilot projects; and 
general user outreach and engagement activities. He recommended looking at the CZCP 
website (http://czcp.org ). The CZCP regional workshops included one in June 2008 
focusing on Mediterranean coastal users and issues held in Athens, Greece; a 2nd one in 
February 2010, focused on African coastal users and issues in Cotonou, Benin. A 3rd one 
is planned for March 2011 in Puerto Rico with the focus on earth observation support for 
sustainable tourism in small island states. A work plan meeting was held in June 2010 in 
Washington DC, and the key conclusions regarding both the workshop series and the 
membership and activities were summarized and available on the CZCP website. Future 
plans were identified. In conclusion, Paul DiGiacomo talked about the duality of GOOS 
(it has both coastal and open ocean modules) and its relation to the CZCP, and the need to 
try and link coastal efforts with open ocean efforts. He suggested the IGOS Ocean Theme 
should be revisited in the context of developing a potential Oceans Community of 
Practice. Communities of practice are run on a best effort basis, with limited funds, thus 
sustainment can be a challenge, and may require a new paradigm. 
 
Questions for Alan Edwards and Paul DiGiacomo 
Ted Mettlach (SAIC) – How is GEOSS addressing the oil spill problem? 
Paul DiGiacomo – the spill is a good example of the variety of available assets, which 
were pulled together in a short time.  The integration of in-situ assets, satellites, and 
modeling assets in the GEOSS/IOOS context helped support the understanding and 
assessment of the disaster and how to deal with it. 
 
Participant – What about standardization of data to be shared in an inter-disciplinary 
fashion?  Why don’t we speak about standards? 
Alan Edwards – We must focus on metadata.  Maybe standards need to be updated, but 
interoperability is the goal.  We need to identify the primary standards used by the ocean 
community, then GEOSS can focus on interoperability. 
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Zdenka Willis from NOAA gave a briefing on IOOS, an Ocean Observing System for 
the United States. She opened her presentation by a quote out of the new Ocean national 
policy, which underpins everything we are going to do in US: Strengthen and integrate 
Federal and non-Federal ocean observing systems, sensors, data collection platforms, 
data management, and mapping capabilities into a national system, and integrate that 
system into international observation efforts.  

IOOS is a network of observing platforms, people, and 
partnerships to integrate and sustain oceans and coastal 
observations and predictions systems. It provides a 
collaboration framework, a network of technologies, and 
contributes to GOOS. It is comprised of both a national and 
regional components. The US component, including 17 
federal agencies, provides support to 11 regional 
associations who are responsible for the development and 
deployment of their respective regional coastal ocean 
observing system. Objectives for these regional coastal 
systems include: current mapping, shelf mooring, beach and 
shoreline monitoring, estuary moorings, circulation and 
shoreline change models, data management and 

communications, and outreach. US IOOS provides sensor validation and verification via 
a third party test bed. It also serves as an information clearinghouse, and provides a 
forum for consensus and capacity building. 
Zdenka Willis then gave several examples of how IOOS was able to perform. During the 
Oil spill in the Gulf of Mexico, they had 150 HF radars looking at surface current; the 
radars were initially down for maintenance; they were back up in 3 days and making data 
available; they were able to work data interoperability right away. Nine sub-surface 
gliders were also put into service; IOOS community gliders came from Scripts, Rutgers, 
university of Maryland, and others. Gliders are also used elsewhere including Antarctica 
and the Arctic.  Data acquired from use of IOOS community gliders is used in studying 
and understanding the ocean state, cross-shelf transport of hydrocarbons, La Nina 
forecasting, harmful algal blooms, and ecosystem forecasting.  She then addressed the 
data integration framework, with support at both the national and regional level. The 
IOOS catalogue allows access to sensor observation services, where each region serves as 
a data assembly center. Examples include Integrated Water level and winds during 
hurricane. NANOOS (in the North West) has developed a visualization system for the 
Web, where the information is downloadable via iphone. They also perform data 
integration for modeling (Lake Huron to Erie corridor example). They also have an 
education outreach mission. IOOS benefits examples reach across many sectors, such us 
HF radar for search and rescue going directly into the Marine Corp system. Another 
example is the prediction of harmful algal blooms (8 regions involved)-WHOI and 
NOAA had forecasting capabilities for the east coast; ESP had monitoring capabilities for 
the west-coast; a combination is now used for the east coast (buoys, models). Humboldt 
State University website provides information for Oyster growers. Coastal and marine 
spatial planning include a North Carolina wind farm potential location (coastal marine 
planning contribution). In conclusion, IOOS is a comprehensive system: Integration of 
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data is critical; Regional partners support both regional and national needs, and work 
together with OOI. 
 
Questions. 
Rick Spinrad from Oregon State University – During hazard response, there is a need for 
adaptive sampling; how do we optimize the observations supporting hazard response? 
Zdenka Willis – IOOS does not have a dedicated effort for this; they were able to do it for 
the gulf, but it was not a dedicated effort; this is a lessons learned for interagency teams. 
Conrad Lautenbacher from CSC – what else is going on, besides gliders, to provide sub-
surface observations, such as chemical and bio monitoring? 
Zdenka Willis – in a 3 dimensional perspective, gliders and cable observatories provide 
coastal arrays; they are working on sensors miniaturize for use in gliders to address 
chemical and more of the biological issues.  Fluorometers were used for observations 
during the oil spill. 

 
Simon Allen from the Australian CSIRO and 
IMOS gave a presentation on the Australian 
Integrated Marine Observing System (IMOS). He 
pointed out that although Australia’s population 
lives primarily on the coasts, and that Australia’s 
coastlines are longer than those of the US, the 
context in which the U.S. and Australian ocean 
monitoring takes place is very similar.  IMOS 
gathers many organizations, which are working 
together to deliver free, open and timely access to 
ocean related data – from physics to fish. IMOS 

has regional nodes linked through an integrated science plan, with focus on 5 research 
areas: multi-decadal ocean change; climate variability and weather extremes; major 
boundary currents and inter-basin flows; continental shelf processes; and biological 
responses.  IMOS has a long list of elements (Argo, ships of opportunity, deep ocean 
moorage, gliders and AUVs, remote sensing, others), with operations delivered via 11 
centers. The list of variables is sorted by physical characteristics. There is a fair amount 
of biological data, to analyze bio-diversity loss. Simon Allen showed the Mooring 
network for Australia. Until recently, there was a big gap (2000 miles) between Ningaloo 
and Darwin.  There are 9 national reference stations. They are building a regional center 
of expertise regarding mooring design and deployment. It includes a new array toward 
Java. They have only one research vessel, thus moorings are designed to be deployed by 
day boat. Simon Allen then gave more details on some of the IMOS elements such as 
physical sampling and analysis (to address sensor gaps), gliders (they have 11), an 
autonomous underwater vehicle (AUV), and in situ observing strategy (11 sites visited 
every other year). In terms of Communities of Practice, they start in very focused areas 
where there is not enough critical mass to develop expertise in one place. There are 
several working groups, steering committees, and user groups. The IMOS portal provides 
information about deployment, and access to metadata. They are using NetCDF and other 
OGC standards, as well as ISO standard metadata.  They need to move toward meta-
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information to do automated assessment about data sets (semantic summaries); scalability 
of observing design needs to be addressed. 
 
Questions:  
Conrad Lautenbacher – this is very impressive; how is this working re coordination with 
the weather service, CSIRO, and others? 
Simon Allen – these organizations are involved with IMOS; many capabilities are 
delivered through the CSIRO; they have accepted the lowest common denominator for 
data (NetCDF), but are moving toward quantitative assessment/uncertainty of 
measurements. 
Jay Pearlman – how are you coordinating with Asia? 
Simon Allen – there is formal coordination with New Zeland, and an informal 
relationship with Indonesia. 
 
Craig McLean from NOAA moderated session 2 on Observatories. 
 
Chris Barnes from Neptune, CA discussed 
the Canadian Ocean Observing strategy. 
Cable observatories are intended to obtain real 
time data over decades, leading to an 
understanding of earth ocean processes and 
systems. In addition to Neptune, they include 
ESONE in Europe, OOI in US, and other 
emerging ones such as in China. Neptune 
started about 10 years ago.  Funds were 
provided in 2003 and 2006 for Neptune, while 
on the US side, OOI was funded last year. The 
University of Victoria (UVIC) both owns and 
operates Venus (2 coastal arrays in the 
Saanich Inlet and the Straight of Georgia), and Neptune, CA. For example, Venus 
captured acoustic echoes for plankton feeding in an estuary. The rest of the talk focused 
on Neptune. The operational requirements for science are summarized as 4 gigabits per 
second of bandwidth per node, 10 kilo-volt DC of power; operations 3000 meters below 
the surface, a resilient network, and an initial annual data flow of 60TB per year. Neptune 
provides power and Internet to the ocean (to the spreading ridge on the Juan de Fuca 
plate). The Observatory includes 800 km of backbone cable, with over 130 instruments of 
different types and 300 sensors. The network has currently 5 nodes and provides for 
information on seismic, tsunami, chemical, fluid dynamics, visual, and audio data. To 
give an idea of the scale, Chris Barnes showed a number of cable/node deployment and 
maintenance pictures (cable ships; node deployment). The extension cables are buried 
across the continental shelf to protect them from fishing hits. The research themes 
include: plate tectonic processes and earthquake dynamics; fluid fluxes; water column; 
deep-sea eco-systems; engineering and computational research. Study sites examples 
were shown, including a short period seismometer installation. Examples of participation 
include hydrothermal plume imaging – COVIS, and next May, TEMPO-mini for 
Endeavour vents, using an instrument module designed by a French company. As shown 
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by the seismic signals captured, the area is very active (over 3000 earth quakes per year). 
Neptune has an active ocean-drilling program using corks (boreholes instrumented with 
Tsunami meters). Combination of a novel processing approach for the tsunami meter 
data, and of the cable observatory information enabled high temporal resolution (100 fold 
increase as shown in sep 30 09 example). IODP will continue instrumenting the 
boreholes. They are learning a lot of processes: earthquake data, tides, tsunami, and 
ocean-surface waves.  The long-term objectives include monitoring plate movements and 
seismographic strain.  There is a broad diversity of acoustic events. Remote acoustic 
monitoring of killer whales is an example. Major efforts are ongoing for instrumentation 
(crawler from Germany and 400 m vertical profiler from Japan with 12 instruments in 
float). The crawler has several instruments as well (mapping hydrate mounds - methane 
record). Other instrument measurements include temperature and oxygen time-series in 
Folger deep, and examples of bio-sonic backscatter. 
Data processing and archiving are starting now (they have collected 6TB in 8 months). 
All data are available for free by accessing www.neptunecanada.ca. They are developing 
tools to help the users.  Currently, there are 6300 registered users.  Investment can 
address a number of policy applications and socio-economic benefits, such as hazard 
mitigation, and ocean/climate change. In conclusion, Neptune is inviting others to 
interact, by participating in science experiments, robotics, technology development and 
commercial opportunities. 
 
Questions 
Christoph Waldmann – do you have any plans to develop data products? 
Chris Barnes – what kind? 
Christoph Waldmann – mapping. 
Chris Barnes – there is a tool; also they are in discussion with IBM regarding 
development of a video detection system.  They are working with industry regarding data 
management. 

 
Yoshiyuki Kaneda from JAMSTEC, in Japan 
addressed the advanced real time monitoring 
system for mega-thrust earthquakes and tsunamis 
around Japan, application of the dense ocean 
floor network from DONET and DONET2. Japan 
is in a high earthquake zone. He summarized 
historical earthquake events around the Nankai 
trough.  There is a 100-200 year pattern of 
Magnitude 8 class earthquakes.  New simulations 
of mega-thrust recurrence show that the first 
ruptures are starting from the Nankai seismogenic 
zone, thus the development of the DONET 
concept in 2006. The strategy is similar to 
Neptune: high reliability backbone cable, with up 
to 10 observatories. Nodes include ground 
motion sensing, pressure sensing system, and 
peripherals. DONET chose appropriate sensor 
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suitable to observe events (very small to large earthquakes, tsunamis, and slow ground 
deformation). DONET nodes are located at a depth of 1900 meters to 2000 meters (5 
nodes). Yoshiyuki Kaneda showed a video of the deployment of nodes/sensors, and 
assembly. He gave the examples of recorded data (March 13, magnitude 5.7 Fukushima 
earthquake; March 27, magnitude 7.4 Vanuatu earthquake; August 13 Marianna 
magnitude 7.9 earthquake, with tsunami detection). He also gave an example of micro-
earthquake data detected by DONET, but not recorded by a land observatory. He showed 
the data transfer system. For data assimilation, they compare the simulation with real 
time data from borehole measurements and GPS, sequentially obtaining optimum 
parameters. Dr Kaneda then talked about the DONET 2 concept, needed for region off 
Kii Peninsula and Shikoku to decrease disasters caused by the subduction zone 
earthquakes in the Nankai Trough. DONET2 is in work now (7 nodes). It has a high 
voltage system (10KV) , while DONET1 was middle-voltage. DONET detects 
earthquakes and tsunami more quickly than land observatories. The focus is to capture 
slip acceleration before a Tonankai earthquake and expected observational data after an 
earthquake. They may extend to DONET 3 (not yet authorized by the Japanese 
government). In future long term bore hole observatory will be connected to DONET. To 
extend further, collaboration and integration in an international framework is necessary. 
 
Question 
Conrad Lautenbacher – he asked about their seismic sensors, and whether they used 
profiles, as well. 
Yushiyuki Kaneda – there are profiles that are 2000meters deep, below the surface. 
 
Deborah Kelley, from the school of 
Oceanography, at the University of 
Washington, briefed OOI in the US. The 
briefing was developed in collaboration with 
Tim McGinnis from the University of 
Washington Applied Physics Laboratory. The 
project was initiated about 15 years ago. It is a 
$385 M project. They are in the buy phase 
now, with a 25 years life time.  The system is 
currently using 7% of available bandwidth and 
will be commissioned in 2014. They plan 
multiple moorings. High latitude observing is 
important due to climate, high winds, and 
carbon sequestrations impacts. They have 
coastal scale nodes, and a coastal array infrastructure; AUVs complement the pioneer 
array (east coast), and the Endurance array (west coast). Western boundary current: 
eastern boundary current (Oregon Coast); ability to study pacific decadal oscillation 
(correlation with salmon fishing). Moorings will be from 200m to 3000m below the 
surface (4 passes per day). They will have regional scale nodes at Grays Harbor and 
Newport (go to interactive Oceans web site). 800 km cable, 7 primary nodes, significant 
expansion capabilities. They are developing a regional  nodes plan (2014 commission).  
They have an integrated system accessible from the cyberinfrastructure that iteratively 
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integrates observational data with models.  They will address a variety of science 
questions:  physical oceanography; hypoxia events (inflow of cold arctic water creating 
dead zones); plate scale seismicity; methane hydrates; submarine volcanoes support 
creation of life w/o light; Hydro-thermal field at Axial seamount. She showed the core 
sensors to be deployed at Axial seamount (Seismic array and biological). There is a 
challenge to map cable route in middle of caldera. They are developing a visualization 
capability for users. How will they interact with students? It is a challenge to get well-
educated students. In the future, they would use real time data from integrated 
observatories for the class rooms of the future. 
 
Questions. 
None 
  
Session 2 resumed after a lunch break. 
 
Henry Ruhl, addressed Open-Oceans 
observatories for Europe. He covered 
HERMES/HERMIONE, EuroSITES, 
ESONET, and EMSO. He addressed the 
emerging marine strategy framework directive 
for Europe, which promotes sustainable use of 
the seas, a set of indicators for good 
environment status, establishing targets and 
feedback to policy.  This framework directive 
will be fully implemented by 2016.  The 
Marine Board Forum has identified the 
development of marine observatories as a 
priority. He showed the complexity of marine 
processes (physical, chemical, and biological) 
from a spatial-temporal perspective. Evidence 
of how those processes connect is needed. 
Science themes include: geo-science, physical oceanography, biogeochemistry, and 
marine ecology. The need to understand potential connections and feedbacks between 
these themes demands a more integrated approach. Socioeconomically important topics 
that cut across the above science areas span numerous spatial and temporal scales. 
Observatories enable research across processes and scales, and complement other 
systems like satellites and floats. Henry Ruhl addressed four activities ongoing across 
Europe (HERMES/HERMIONE, EuroSITES, ESONET, and EMSO). 
HERMES/HERMIONE focus on hot spot ecosystem research and man’s impact on 
European seas. EuroSITES perform active research using observatories in Europe. They 
are adding standardizations across the sites. A system deployed off shore of Greece 
showing seismic event was discussed as an example. The European Seas Observatory 
NETwork (ESONET) is a network of excellence; its  goals include producing practical 
plans for long-term monitoring of the open-ocean environment as part of GEOSS and 
GMES.  The ESONET example shows warming of the sea floor in an arctic site. The 
European Multidisciplinary Seafloor Observatory (EMSO) is in a preparatory phase to 
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establish a governance entity for open-ocean observatories. Henry Ruhl showed real time 
data from a buoy, which can be accessed from the portal for EuroSITES; the example he 
gave was salinity and temperature collected this morning. ESONET is achieving science 
and design progress through six demonstration missions in collaboration with 
EuroSITES, HERMIONE, and other projects. Examples include listening to the deep 
ocean (acoustic signals including marine mammals). For information dissemination, they 
have adopted GEO principles (supporting open data and online access policies). 
EuroSITES now supplies near-real time data to GEOSS and GMES. ESONET 
implements OGC and sensor web enablement (SWE) standards 
(dataportals.pangea.de/esonet). ESONET has a catalogue of commercial sensors. Ability 
and need to understand industry impact are apparent, especially regarding links with the 
oil and gas industry. Examples include the DELOS program off-shore Angola in 
collaboration with BP, and Snohvit with StatoilHydro. Going back to the EMSO 
preparatory phase, it will lead to a governance structure which will most likely fit in the 
European research infrastructure framework. The timeline for 2011 and 2012 will result 
in the completion of the EMSO preparatory phase, and release of new EC framework 
programs. In conclusion, a few words about Communities of Practice. There is general 
support for the idea: cut across GEO themes in the oceans context, foster the set up of 
global experiments design and analysis, and more efficient transfer of science knowledge 
to understanding socio-economic tiebacks to change. 
 
Questions – none 

 
Christoph Waldmann from MARUM at the 
University of Bremen, Germany, talked about 
the Hypox project, an EC funded project 
related to GEO. Hypoxia occurs when 
dissolved oxygen concentrations are below 
those necessary to sustain most animal life. He 
gave an example in the Gulf of Mexico. The 
Hypox project was awarded as a result of a EU 
proposal solicitation, considering that O2 
variability is an important parameter to 
describe ocean health, it is of economic 
importance, and there were no satisfactory 
statements on future trends of oxygen change 
in waters and ground from IPCC report. The 
relationship of hypoxia to climate change is the 
starting point. Warming of water leads to 
degassing of oxygen. Decaying organic matter 
on the seafloor depletes oxygen, and the 
replenishment of the oxygen is blocked by 
stratification. It is very difficult to develop 

predictions on future trends. Early stages of hypoxia are typically missed until obvious 
signed manifest themselves. He showed the location of oxygen observatory sites in 
Europe,  in coastal and open seas and land-locked water bodies. The Hypox project 
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objectives are as follows: increase oxygen monitoring capabilities, detect and predict 
expanding oxygen deficiency. and disseminate the information according to GEOSS 
principles and contribute to GEO tasks. Christoph Waldmann addressed the build-up of 
observational capabilities. Three-dimensional modeling of ocean hydrodynamic 
conditions is the first step toward oxygen concentration predictions. Hypox task is to 
combined this model with a two-dimensional biogeochemical box model to address O2 
dynamics. Ocean sciences spread over several SBAs (climate, water, ecosystems, and 
bio-diversity). Science expert knowledge needs to be made available to agencies, such as 
NOAA in the US, or ESA in Europe.  He gave the O2 calibration scheme as an example 
of expert knowledge. He reminded the audience of the data sharing principles of GEO: 
full and open exchange, use of standards. He briefed the GEOSS Common Infrastructure 
(GCI), and GEO portal example. Hypox has its own web portal at www.hypox.net. In 
summary, Hypox provides a step toward integrated assessment of human impact on 
marine ecosystems; the project will be actively involved in GEO tasks; they are looking 
for synergies with other observatory initiatives, by exchanging data and information. 
 
Questions 
Rick Spinrad: - he appreciates the reference to the IPCC report; how are you using the 
scenarios for your project? 
Christoph Waldmann – via modeling. Data assimilation methods will allow for 
improving the predictive capabilities and will then lead to more reliable forecasts of 
hypoxia in different waters. 
 
Peter Brewer, from MBARI, presented a MARS-
US controlled sea floor enrichment CO2 
experiment (FOCE).  The MARS site is 1850 m 
below the surface. The experiment has to do with 
ocean acidification impact on the sea floor 
(hypoxia is the other side of the same issue). The 
site has 35 Km of cable, and originally had mostly 
passive sensors. Their goal is to achieve active 2-
way control. He illustrated the impact of 
acidification on sea urchins. The respiration index 
equation shows that CO2, O2 and T (temperature) 
are thermodynamically linked. Dead zones are 
created by increase in CO2, and decrease in O2. 
He gave the example of the eastern tropical 
pacific. Long term experiment on sea floor require 
source of CO2. The MBARI engineers designed a 
control system, which allows precise delivery rate 
of liquid CO2 on the sea floor over a long time. A 
modified version has been deployed in 
collaboration with Australia (Heron Island). When implementing kinetic model, Ph goes 
up at different time depending on warmth. Peter Brewer then connected to the Internet, 
and gave a live demonstration of the observatory on the sea floor off Monterey Bay. 
Practical issues include keeping kelp strands from going through fan blades. 
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Questions 
Conrad Lautenbacher - what is the state of the art regarding reliability of sensors, and 
lifetime issues? 
Peter Brewer – it is not as bad as you think; sensors are available commercially; they 
have had sensors operating for 4 months and doing well; in hypoxia conditions, however,  
sensors are not working very well at low oxygen concentration; they would like to see 
better calibrations; they are not being done well, currently. The reference electrode and 
bio-fouling are where the problems lie.  Bio-fouling tends to go away when the sensors 
are running for a period of time after having been off. 
Matt Arrott – can you speak about how much analysis is done in real time versus after the 
fact? 
Peter Brewer – they record data life, keeping on top of experiment real time (fixing 
problems); specific experiments run 24 hours per day for several days.  Most data 
analysis is real-time. 
Jay Pearlman – how do you monitor the biological response of the animals? 
Peter Brewer – the guys in Australia are ahead because they can send divers; in MARS, 
they collect chemical tissue samples. 
 

Rick Spinrad from Oregon State University 
moderated session 3, collaborations 
opportunities.  
 
Christoph Waldmann addressed German-
Chinese collaboration on a recently started 
project (6 months ago) between Bremen 
University in Germany, and Tonji University 
in Shanghai, China. The starting point was an 
international workshop on sea-floor 
observation in May 2008 in Shanghai, where 

the observatory plans were presented. The first experiment was to establish an 
experimental Coastal Observatory (cable observatory) to monitor sediments discharge 
and transport, hypoxia and red tides in the Yangtze River estuary into the South China 
Sea  (the Yangtze is the third longest river in the world). The first phase has been 
completed in 2 years. The components were tested at MBARI.  They laid down 1 km 
cable. A platform in bay has solar panels to provide power for the instruments (there is no 
linkage to shore). Real time data was relayed wirelessly to the state key lab receiver. The 
system has proved to be very reliable, with data integrity greater than 95%. The next 
phase will extend cable to 20 Km and involve German cooperation. The aims of this 
experiment include monitoring storm events, transfer of technology regarding sea going 
technology, and planning of joint German-Chinese instruments for ocean observatories. 
Fields of activity include: general observatory design; data transfer management; and 
instruments for borehole measurements – cork system. He showed the agenda of a 
planned bilateral workshop in Oct 2010. This will be the first face-to-face meeting. Other 
steps forward will include recommendations on technological implementation strategies, 
and agreement on shared use of infrastructure.  
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Questions. 
Rick Spinrad - what is the major challenge? 
Christoph Waldmann - the environment is very harsh.  They need to keep instruments in 
position and deal with bio-fouling. 
Zdenka Willis – considering the commitment to GEOSS data sharing policies, how 
realistic is that in the cooperation with China? 
Christoph Waldmann - he thinks that they are very open due to the need to integrate data 
from various sources 
Conrad Lautenbacher – is this primarily cooperation between universities; can you talk 
about the speed of implementation, and why it is faster than in Europe 
Christoph Waldmann – the Chinese academy of science is involved through the Chinese 
university; as soon as china sees economic value, they are pushing for a decision; the 
decision making process is very centralized and you do not have to convince many 
committees. 
Steve Holt – he wonders about the situation with standards 
Christoph Waldmann – Standards are always in issue as people always try to seek a 
standard that serves their needs best. As an example there was a recommendation last 
week, to come up with new standards for European data infrastructures 
 
 
The next speakers were part of a panel on information systems and interoperability. The 
panel was chaired by Matt Arrott, from UCSD, and included Zdenka Willis from NOAA, 
and Luis Bermudez from OGC (from right to left on picture below). 

 
Zdenka Willis spoke briefly without charts – NOAA’s strategy is to adopt, adapt and 
only build as a last resort; for example, they adopted the OGC sensor observation service 
standard, but developed the DIF.  NOAA and NSF have made a commitment for the OOI 
cyber-infrastructure to serve the entire ocean community (example stress test cyber-
infrastructure). 
 



Summary	
  Proceedings	
  –	
  GEOSS	
  Workshop	
  XXXVIII:	
  Evolution	
  of	
  Oceans	
  Observing	
  
Systems,	
  Building	
  an	
  infrastructure	
  for	
  Science,	
  Seattle,	
  USA,	
  September	
  19,	
  2010	
  

Matt Arrott addressed the organization of OOI cyber-infrastructure. Interoperability is 
about interactions (human to human and human to machine so far); machine-to-machine 
requires more details. Participant types include principles, agents and resources. Domains 
of interoperability span information, behavior and policy. Dimensions of interoperability 
include semantics, language and encoding. The nature of interoperability interactions 
spans expressiveness, durability (invariant, variant, dynamic), and scope of interactions 
(internal, external – autonomy versus collaboration). He then listed the design principles. 
There are multiple communities of use  (OOI observatories as 1 community), leading to 
the need for: concrete domains of ontological commitment; invariant clearinghouses for 
the distribution datasets; and durable interrelating mappings between local and shared 
uses. There are recursive information flows (acquire, distribute, use), and a closed loop 
activity model (observe, model, exploit). The family of ISO 191xx standards are being 
used, but constrained to Unidata’s Common Data Model.  The design choices include 
several reference and implementation models. In conclusion, he showed a chart of the 
network linking end users and research and educational facilities to the nodes, arrays, and 
shore stations. This is included in a global deployment concept. 
 
Luis Bermudez from OGC spoke next. He stressed the importance of pilot test beds; 
they can be used to demonstrate which standards work and to promote the best ones. He 
gave the example of OWS 7.  The OGC Interoperability Program (IP) is a fast, effective, 
and user-driven process. 
 
Questions 
Jay Pearlman – he has a general question; there is some degree of need to invariance; 
within that context, how do you deal with new technology (for example the introduction 
of citizen science or sensor webs) 
Matt Arrott – protocols are the invariant, technical or human processes can be integrated 
Luis Bermudez – sensors as processes 
Tom Wiener – regarding interoperability and standards, just tell me what the standards 
are. If the overhead is very large, I may start to loose interest in that standard. How to we 
create cooperation? 
Zdenka Willis – through passion and commitment of people involved; sensor observation 
services are to operate in a not to interfere manner with operational missions.  Initial 
feedback has shown that our initial thoughts won’t work, so we have to try again. 
Matt Arrott – they are required to achieve stability first (stair step process from OGC); 
early adopters are incentivized and can show the value proposition; clearing house is very 
important 
Luis Bermudez– being in a place where the process can move forward is important 
Darrell Duncan from the National Data Buoy Center - What about metadata? Is it being 
considered and what standards are being used? 
Matt Arrott – there is no meta-data (humor); associated metadata are captured from the 
very beginning; provenance is critical and is used to establish assurance of the process 
and correctness of the data; OOI is a community effort; they are required to provide how 
data has been recovered. 
Zdenka Willis – how do you handle legacy systems which do not have the meta-data? 
MA –both conditions exist; there is a need for consistent models 
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Bob Weller, from the Woods Hole 
Oceanographic Institute (WHOI) gave a 
discussion of an Oceans Community of Practice. 
He started by giving a Community of Practice 
(CP) textbook definition, and classic example of 
Xerox field service technicians. He then focused 
on an Ocean CPs perspective, as a pragmatic, 
focused effort, with positive feedbacks that 
sustain it existence. He asked the fundamental 

questions: toward what end? To help what customer(s)?  And with what members? In 
order to answer those questions, he looked at GEO work plan tasks in the Ocean area, 
GEO committees (Science and Technology), and existing GEO CPs. He also reviewed 
the GEO material on CP definition, objectives, and participants. Bob Weller then 
summarized challenges facing the ocean community: decreases in funding since the end 
of the cold war, need to establish clarity on the utility of ocean observations (greatest 
benefit being over long time scales; utility of climatology). He took a cut at addressing 
the utility (memory, sponge, flywheel, reservoir, and food source) and benefits of ocean 
observations, giving a number of examples (OOI, ocean sites, initial global ocean 
observing system for climate). Despite the number of observations advocated, the growth 
of sustained ocean observing has slowed. The Ocean Obs 09 conference, in Venice, was 
heavily populated by the research community. Several calls for actions ensued, including 
development of a framework for planning and moving forward with an enhanced global 
sustained ocean observing system over the next decade. Recommendations on this 
Framework, considering how to best take advantage of existing structures, will be 
developed by an post-Conference working group of limited duration. The integrated 
framework task team was established, with Eric Lindstrom and John Gunn as co-chairs, 
with a priority for the organizing (high-level international management) effort and 
framework development for sustained, global observing systems. Bob Weller then drafted 
potential terms of reference for an OCEANOBS CP, and invited further discussion during 
the breakout session on CPs, later in the workshop.  
 
Question 
Rick Spinrad – communities outlaw inbreeding.  Is the oceans area a victim of 
inbreeding? 
Bob Weller – the community of ocean scientist talk about what they want to do but not 
considering the broader societal considerations. We need to think more about societal 
benefit and other value adds. 
Rick Spinrad – he suggested broadening the definition about the community (reference to 
the Denver meeting). 
Bob Weller – there was positive feedback for a broad approach. 
Ted Mettlach –the world has very big problems and the community should acknowledge 
them; examples – peak oil; die-back in dead zones; balance between fishermen feeding 
the world and oceanographers forecasting a drought in 5 years. 
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Bob Weller – a motivation for observing systems is to develop fish stock prediction; the 
ocean is large source of proteins, methane hydrates, wind energy, wave energy, and other 
sources. 
Simon Allen – we need to look at the effect of the ocean on our climate rather than the 
effect of climate on the ocean. 
 
8. Breakout Sessions Summary 
Jay Pearlman started Session 4 by laying out the charter for the Breakout Groups. He 
addressed the objectives of the breakout sessions: discussing development and 
operational issues regarding ocean observing systems, and developing workshop 
recommendations for a community of practice. He reminded the audience of the Key 
questions to be discussed in an informal setting: What are the critical issues in ocean 
observing systems moving beyond the current state of the art - Group A? How should 
Ocean Observing Systems interface to provide global scale information - Group B?  How 
can an Oceans Observing Community of Practice (OO CP) be organized- Group C? Each 
group was to meet for an hour, after which the moderator and rapporteur will provide a 
summary of the group’s recommendations. 
 
 
Group A – Critical technical issues for the future, moderated by Peter Brewer.  

 
Participants 
Simon Allen 
Peter Brewer 
Stephen Evangelides 
Martin Hofmann 
Mike Jugan 
Tim McGinnis 
Alfred Tan 
Sandy Williams 

 
	
  
	
  

1. What	
  are	
  the	
  projected	
  long	
  term	
  goals	
  and	
  needs	
  of	
  ocean	
  observations	
  
systems	
  in	
  5-­10	
  years?	
  Based	
  on	
  what	
  criteria?	
  

	
  
Briefly:	
  Cost	
  down;	
  Value	
  up.	
  But	
  more	
  broadly	
  there	
  has	
  been	
  a	
  profound	
  

societal	
  shift	
  in	
  emphasis	
  towards	
  inclusion	
  of	
  biogeochemical	
  properties	
  and	
  
trends,	
  and	
  a	
  stalemate	
  on	
  expansion	
  of	
  the	
  purely	
  physical	
  observing	
  systems.	
  
Examples	
  include	
  the	
  rapid	
  rise	
  in	
  concern	
  over	
  ocean	
  acidification,	
  and	
  the	
  
opposite	
  side	
  of	
  the	
  respiration	
  equation	
  -­‐	
  declines	
  in	
  oxygen	
  and	
  the	
  impact	
  of	
  
this.	
  Thus	
  the	
  long	
  term	
  need	
  is	
  to	
  combine	
  the	
  physical	
  and	
  biogeochemical	
  
observing	
  needs	
  in	
  new	
  ways.	
  

On	
  the	
  value	
  side	
  we	
  will	
  see	
  a	
  continued	
  push	
  to	
  coordinated	
  observing	
  at	
  
all	
  scales.	
  With	
  the	
  “outputs”	
  being	
  available	
  via	
  freely	
  accessible	
  infrastructure	
  
the	
  value	
  of	
  standalone	
  poorly	
  coordinated	
  observing	
  will	
  be	
  questioned.	
  If	
  local	
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sampling	
  for	
  chlorophyll	
  fluorescence	
  can	
  be	
  made	
  significantly	
  more	
  valuable	
  
for	
  very	
  little	
  incremental	
  cost	
  when	
  tied	
  to	
  a	
  satellite	
  overpass,	
  why	
  wouldn’t	
  
you	
  do	
  it?	
  So	
  it	
  is	
  in	
  the	
  collection	
  of	
  data	
  with	
  its	
  multi	
  use	
  /	
  re-­‐use	
  in	
  mind	
  that	
  
we	
  will	
  see	
  the	
  biggest	
  increase	
  in	
  value,	
  followed	
  closely	
  by	
  challenging	
  existing	
  
observing	
  strategies	
  based	
  on	
  their	
  value	
  to	
  understanding,	
  modeling	
  and	
  
monitoring,	
  not	
  just	
  one	
  or	
  the	
  other.	
  

The	
  need	
  for	
  new	
  methods	
  that	
  drive	
  down	
  the	
  cost	
  per	
  “valuable”	
  
observation	
  will	
  continue.	
  It	
  will	
  be	
  serviced	
  by	
  increased	
  autonomy,	
  increased	
  
longevity	
  between	
  calibration/cleaning	
  and	
  as	
  we	
  work	
  more	
  in	
  the	
  coastal	
  
space,	
  where	
  the	
  stressors	
  are	
  multiplying,	
  matching	
  the	
  sensor	
  accuracy	
  (and	
  
cost)	
  to	
  the	
  phenomena	
  of	
  interest,	
  not	
  just	
  deploying	
  oceanographic	
  
instruments	
  inshore.	
  Sensor	
  web	
  informatics	
  and	
  realtime	
  QA/QC	
  of	
  data	
  from	
  
this	
  ever	
  multiplying	
  web	
  of	
  data	
  is	
  a	
  key	
  need.	
  Our	
  “oceanographic	
  data”	
  ways	
  
do	
  not	
  scale	
  up	
  to	
  networks	
  of	
  thousands	
  of	
  sensors!	
  

	
  
2. How	
  can	
  GEO/GEOSS	
  be	
  of	
  help	
  in	
  achieving	
  the	
  needs	
  of	
  physical,	
  chemical	
  and	
  

biological	
  observations?	
  
	
  

The	
  basis	
  for	
  and	
  expectations	
  of	
  GEO/GEOSS	
  was	
  defined	
  some	
  years	
  ago.	
  
Some	
  of	
  the	
  goals,	
  but	
  not	
  all,	
  have	
  been	
  achieved.	
  It	
  is	
  timely	
  to	
  re-­‐examine	
  this.	
  
The	
  widespread	
  acceptance	
  of	
  climate	
  change	
  as	
  an	
  already	
  observed	
  effect	
  
means	
  that	
  programs	
  designed	
  largely	
  to	
  prove	
  that	
  climate	
  change	
  may	
  occur	
  
are	
  now	
  no	
  longer	
  current,	
  and	
  that	
  a	
  steady	
  shift	
  towards	
  impact	
  prediction	
  will	
  
be	
  required.	
  The	
  important	
  role	
  of	
  this	
  community	
  in	
  setting	
  standards	
  for	
  
observations	
  and	
  instrumentation	
  is	
  widely	
  recognized	
  and	
  should	
  expand	
  to	
  
include	
  the	
  newer	
  chemical	
  and	
  biological	
  observations.	
  This	
  will	
  not	
  be	
  an	
  easy	
  
task.	
  
	
  
3. How	
  should	
  the	
  academic	
  community	
  be	
  preparing	
  their	
  students	
  to	
  support	
  

these	
  ocean	
  observing	
  systems/ocean	
  observatories?	
  
	
  
The	
  paramount	
  needs	
  of	
  students	
  are	
  short	
  term:	
  graduation,	
  success	
  with	
  and	
  
high-­‐level	
  publication	
  of	
  thesis	
  work,	
  post-­‐doctoral	
  work	
  in	
  a	
  cutting	
  edge	
  
laboratory	
  that	
  solves	
  an	
  important	
  problem.	
  But	
  the	
  stated	
  goals	
  of	
  observing	
  
systems	
  are	
  fundamentally	
  long	
  term,	
  in	
  clear	
  conflict	
  with	
  real	
  student	
  needs.	
  
The	
  answer	
  must	
  lie	
  in	
  crafting	
  the	
  ability	
  to	
  achieve	
  short	
  term	
  successes	
  from	
  
the	
  use	
  of	
  ocean	
  observing	
  systems.	
  An	
  over-­‐reliance	
  on	
  natural	
  events	
  
(earthquakes,	
  hurricanes,	
  ENSO	
  etc.)	
  is	
  likely	
  to	
  be	
  problematic	
  on	
  these	
  time	
  
scales,	
  and	
  so	
  the	
  ability	
  to	
  use	
  observing	
  systems	
  for	
  direct	
  experimental	
  
control	
  so	
  as	
  to	
  execute	
  important	
  studies	
  would	
  be	
  highly	
  desirable.	
  

 
 
Group B – Ocean Observing Systems Interoperability, moderated by Matt Arrott. 
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Participants 
Matt Arrott 
Luis Bermudez 
Steve Browdy 
Reyna Jenkins 
John Lever 
Emilio Mayorga 
David O’Gorman 
Francoise Pearlman 
Dan Penny 
Steve Ruberg 
Kiminori Shitashima 
Robert Thomas 

 
1. Can collaborative efforts be used to help broaden data accessibility? 

One area of need is to work towards the creation, improvement, and sharing of 
metadata mappings (FGDC, GCMD, BODC, CF Conventions).  There also needs to 
be better interoperability between local (community) registries and global registries 
(GEOSS).  Pilot programs, such as the OGC IP, and community best practices can 
help agreement on standards, services, and ontologies.  Pilot programs need an 
adoption strategy in order to socialize the agreements arrived at. 

 
 
2. How can one link the coastal and global components more effectively? 

Agreements on standards and best practices must be stable.  Known access points, 
such as Geospatial One Stop, must be disseminated for broader use.  Expanded 
tagging will help discovery, as well as expanded annotation of datasets by region and 
by scientific process.  This will allow the community to properly characterize the 
data, and the users to discover the data.  In addition to linking digitally, there is also 
the idea of linking scientifically.  Thought should be given to having a registry that 
links ocean scientific processes to registered services. 

 
3. How can GEO promote gap filling? 

Not considered. 
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Group C – Oceans Community of Practice (CP), moderated by Bob Weller 

 
 
Participants Participants (continued) 
Chris Barnes Ted Mettlach 
Stan Chamberlain Nicole Nichols 
David Conover Jay Pearlman 
Paul Cooper Henry Ruhl 
Richard Crout Christoph Waldmann 
Paul DiGiacomo Bob Weller 
Janet Fredericks Tom Wiener 
Steve Holt Kimball Williams 
Conrad Lautenbacher Zdenka Willis 
Hank Lobe Doug Wilson 
 
 
	
  
The	
  breakout	
  group	
  concluded	
  there	
  is	
  need	
  for	
  at	
  least	
  one	
  or	
  more	
  Ocean	
  
Observing	
  Communities	
  of	
  Practice.	
  	
  There	
  was	
  an	
  effort	
  in	
  the	
  discussion	
  to	
  
understand	
  how	
  such	
  CPs	
  would	
  be	
  unique	
  from	
  other	
  efforts	
  already	
  underway.	
  	
  
Two	
  areas	
  drew	
  the	
  most	
  discussion:	
  	
  1)	
  the	
  potential	
  need	
  for	
  specific	
  technical	
  
CPs,	
  essentially	
  operational	
  CPs,	
  where	
  the	
  IEEE	
  Ocean	
  Engineering	
  Society	
  and	
  
similar	
  organizations	
  could	
  provide	
  valuable	
  contributions	
  and	
  2)	
  higher	
  level,	
  
strategic	
  CPs,	
  where	
  in	
  spite	
  of	
  other	
  efforts	
  there	
  was,	
  it	
  was	
  judged,	
  too	
  little	
  
attention.	
  The	
  technical	
  CPs	
  could	
  be	
  organized	
  as	
  task	
  groups	
  below	
  the	
  Strategic	
  
CP.	
  
For	
  operational	
  tasks	
  of	
  a	
  future	
  CP	
  two	
  examples	
  were	
  discussed.	
  	
  The	
  first	
  group	
  
was	
  for	
  specific	
  technical	
  CPs.	
  	
  Examples:	
  	
  Calibration	
  issues	
  –	
  establishment	
  of	
  a	
  
common	
  portal	
  for	
  calibration	
  standards	
  and	
  procedures;	
  best	
  practices;	
  etc;	
  for	
  
new	
  sensors	
  often	
  the	
  expertise	
  on	
  calibration	
  lies	
  with	
  a	
  few	
  key	
  people,	
  and	
  with	
  
the	
  push	
  for	
  fielding	
  multidisciplinary	
  sensors	
  on	
  observing	
  platforms,	
  the	
  expertise	
  
needs	
  to	
  be	
  shared	
  and	
  common	
  practices	
  and	
  standards	
  developed	
  and	
  adopted;	
  
this	
  can	
  result	
  in	
  considerable	
  savings	
  for	
  different	
  groups	
  that	
  lack	
  the	
  expertise	
  
while	
  also	
  helping	
  to	
  achieve	
  uniformity	
  of	
  practice	
  across	
  the	
  observations.	
  	
  
Another	
  example	
  would	
  be	
  a	
  CP	
  of	
  data	
  managers.	
  Some	
  in	
  the	
  group	
  felt	
  that	
  some	
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technical	
  efforts,	
  such	
  as	
  ACT,	
  were	
  underway	
  and	
  that	
  the	
  pressing	
  need	
  was	
  for	
  
higher	
  level	
  or	
  strategic	
  CPs.	
  	
  	
  
There	
  was	
  a	
  discussion	
  of	
  a	
  layered	
  approach,	
  where	
  the	
  attention	
  should	
  be	
  paid	
  to	
  
the	
  highest	
  level	
  and	
  then	
  work	
  down	
  by	
  assigning	
  task	
  groups	
  to	
  address	
  specific	
  
scientific	
  or	
  technical	
  issues.	
  	
  The	
  highest	
  level	
  would	
  be	
  the	
  strategic	
  level.	
  	
  It	
  was	
  
expressed	
  that	
  there	
  are	
  no	
  bodies	
  of	
  discussion	
  now	
  for	
  two	
  high	
  level	
  issues:	
  	
  1)	
  
global	
  coordination	
  of	
  ocean	
  observatories	
  and	
  2)	
  articulation	
  of	
  the	
  societal	
  value	
  
and	
  need	
  for	
  global	
  ocean	
  observations.	
  
There	
  are	
  bodies	
  such	
  as	
  the	
  OOPC	
  that	
  consider	
  ocean	
  observations	
  for	
  climate,	
  but	
  
there	
  should	
  be	
  a	
  body	
  that	
  is	
  broader	
  in	
  scope,	
  including	
  issues	
  beyond	
  climate	
  and	
  
also	
  addressing	
  operational	
  issues.	
  	
  There	
  should	
  also	
  be	
  effort	
  focused	
  on	
  the	
  
utilization	
  of	
  the	
  observations	
  and	
  an	
  effort	
  to	
  reach	
  policy	
  makers	
  and	
  funding	
  
agencies.	
  	
  There	
  should	
  be	
  outreach	
  that	
  conveys	
  the	
  knowledge	
  and	
  awareness	
  
needed	
  to	
  make	
  the	
  statement	
  of	
  why	
  ocean	
  observations	
  are	
  important	
  and	
  how	
  
they	
  make	
  a	
  difference.	
  	
  This	
  should	
  convey	
  to	
  governments	
  the	
  societal	
  benefits	
  of	
  
ocean	
  observations	
  and	
  should	
  also	
  appeal	
  to	
  philanthropic	
  interests	
  to	
  be	
  engaged	
  
and	
  concerned	
  about	
  the	
  ocean.	
  
There	
  was	
  concern	
  that	
  at	
  a	
  high	
  level	
  the	
  leadership	
  in	
  different	
  nations	
  does	
  not	
  
get	
  together	
  either	
  to	
  1)	
  coordinate	
  and	
  facilitate	
  global	
  ocean	
  observations	
  or	
  2)	
  
articulate	
  the	
  value	
  of	
  ocean	
  observations.	
  	
  Thus,	
  two	
  strategic	
  CPs	
  for	
  ocean	
  
observations	
  were	
  recommended.	
  	
  	
  
The	
  first	
  would	
  focus	
  on	
  the	
  coordination	
  and	
  facilitation	
  of	
  ocean	
  observations.	
  	
  
Included	
  in	
  this	
  would	
  be	
  the	
  building	
  of	
  commitments	
  from	
  the	
  different	
  nations	
  to	
  
implement	
  and	
  sustain	
  global	
  ocean	
  observations,	
  capacity	
  building,	
  coordination	
  of	
  
the	
  initiation	
  and	
  use	
  of	
  platforms,	
  including	
  fielding	
  and	
  sharing	
  the	
  ships	
  required	
  
for	
  supporting	
  in	
  situ	
  observations,	
  coordination	
  across	
  diverse	
  elements	
  of	
  ocean	
  
observing	
  (e.g.	
  for	
  climate	
  and	
  for	
  disaster	
  warning),	
  and	
  development	
  of	
  processes	
  
to	
  ensure	
  essential	
  new	
  elements	
  of	
  the	
  observing	
  system	
  successfully	
  transition	
  
from	
  research	
  support	
  to	
  sustained	
  operational	
  support.	
  	
  
The	
  second	
  strategic	
  CP	
  would	
  focus	
  on	
  articulation	
  and	
  outreach,	
  making	
  clear	
  to	
  
governments,	
  industry,	
  and	
  NGOs	
  the	
  need	
  for	
  and	
  value	
  of	
  ocean	
  observations.	
  	
  
This	
  group	
  should	
  use	
  opportunities	
  such	
  as	
  the	
  Deepwater	
  Horizon	
  spill	
  to	
  
articulate	
  the	
  value	
  of	
  ocean	
  observing.	
  	
  The	
  overall	
  field	
  of	
  ocean	
  observations	
  must	
  
be	
  considered,	
  not	
  particular	
  subsets	
  or	
  agency	
  or	
  national	
  efforts.	
  
	
  
 
9. Closing remarks from Moderators. 
Craig McLean suggested bringing more young people in the discussion. Start by 
defining the state and challenge; bring social scientists into the discussion to translate the 
work being done in broadly understood language. The community needs to keep going 
and maintain the energy.  This would be done through professional organization support 
and activities. 
Dave Conover spoke next. He has learned a lot regarding challenges faced by the 
community. NSF’s challenge is to achieve a balance in investments between 
infrastructure and science.  There exists the energy, innovation, and effort, but funding is 
needed for long-term sustainability. 
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Jay Pearlman thanked the speakers and attendees for their participation during this long 
day, and closed the workshop. 
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Attachment I – Speakers Biography. 
 
Simon Allen 
 

Simon Allen is a Stream Leader for Coastal 
Assessment and Prediction research, within the Our 
Resilient Coastal Australia Theme of the Wealth from 
Oceans Flagship. Mr. Allen is also the Technical Director 
of the Australian Integrated Marine Observing System 
(IMOS). His current research and activities include: 
 developing affordable marine and coastal 
observation strategies for coastal Australia; enabling the 
reuse of existing and ongoing data collection in the marine 
arena;  developing and assessing technologies for 
sustained observing; overseeing the integrated studies that 

bring observations and modeling together, where the whole is greater than the sum of the 
parts. 
Mr. Allen has an ongoing interest in the operational autonomy of low cost mobile 
observing platforms and holds a combined Australian patent for the Remote Monitoring 
of Underwater Objects. 
After leaving school Mr. Allen joined the British Royal Navy as an officer under training, 
but decided to go back to studies and completed a degree in Navigation, Hydrography 
and Naval Architecture at Plymouth. Following graduation, he worked as an 
hydrographic surveyor for the next 15 years, and was involved in installing and 
inspecting oil and gas marine infrastructure around the globe. 
From 1997 to 2003 Mr. Allen was the surveyor responsible for the methods and practices 
used for inspecting BP's North Sea subsea infrastructure, and in 2003 he was employed to 
research and develop systems that would enable the integration of underwater positioning 
and survey operations across the global construction fleet. 
Mr. Simon Allen leads an area within CSIRO that is developing the observational and 
marine modeling systems to enable the better understanding of our coastal environment. 
In 2004, Mr. Allen moved to Tasmania, Australia, and started working for CSIRO, as the 
Marine Technology & Equipment Manager. 
In 2007 Mr. Allen accepted a position as Technical Director for IMOS, and in 2009 he 
joined the Wealth From Oceans Flagship. 
 
Matthew Arrott 

 
Matthew Arrott is E-science program manager at the 
California Institute of Telecommunications and 
Information Technology, at UCSD, CA, USA. Matthew 
Arrott works with faculty, researchers, and other 
technical experts at UCSD, UCI, and nationally to refine 
the program’s goals, identify required resources, and 
develop a Calit2 cyberinfrastructure to support a variety 
of existing and proposed large-data e-science 
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projects.Arrott’s career has spanned art to engineering, and individual contributor to 
executive manager. As vice president of Currenex, Inc., he oversaw design and 
development of the first-to-market, Internet-based, multi-lateral global currency trading 
service. 
Prior to that, he worked with the artists and management of DreamWorks, SKG’s Feature 
Animation division, leading the design and delivery of the ground-breaking scene 
composition application “Exposure.” This was their primary scene design and camera 
choreography application used in Prince of Egypt (1998) and Road to El Dorado (2000). 
In the 1990s, Arrott was a founding member of the Scientific Visualization program at 
the National Center for Supercomputing Applications that pioneered the definition and 
promotion of computer graphic imagery to explore and present complex scientific 
numerical modeling. While there, he envisioned and led execution of “A Study of the 
Evolution of a Numerically Modeled Severe Storm,” which produced imagery more 
commonly known as the “NCSA thundercloud” and which came to symbolize NCSA’s 
graphics efforts for many years. 
 
Luis Bermudez 
 

Dr. Luis Bermudez was recently appointed as a 
Director of Interoperability Certification for the Open 
Geospatial Consortium (OGC). Luis manages the 
certification program, leads plug fest activities, and 
supports interoperability initiatives. These initiatives 
include test beds, pilots and interoperability 
experiments designed to develop, test and validate 
specifications for geospatial information. Luis E. 
Bermudez has a Ph.D. and M.S. in Hydro-informatics 
from Drexel University, and an M.S. in Industrial 
Engineering from the Andes University in Bogota, 
Colombia. He has 15 years of experience in software 
development, GIS, knowledge representation, semantic 
web, data integration and international project 
management. His pioneered work of ontology and 
geospatial metadata frameworks have advance the cyber 
infrastructure of environmental observatories in the US 
and abroad. As the Coastal Research Technical 

Manager at the Southeastern University Research Association (SURA) he managed the 
technical implementation of the SURA Coastal Ocean Observing Prediction (SCOOP), 
advancing the technologies to support improvement of numerical coastal models in 
research communities and the integration of ocean observing systems around the world. 
He also served as the technical lead of the Marine Metadata Interoperability Project, 
providing the guidance and resources for data management, while developing advanced 
metadata tools and services needed by the community. He has co-authored multiple 
publications in geospatial web services, integration of observing systems, semantic web 
and integration and workflow of numerical models. He is the lead of the open source 
software OOSTethys, was the chair of the OGC Ocean Science Interoperability 
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Experiment, and co-lead the access working group at Global Earth Observing Systems of 
System (GEOSS) Architecture Implementation Pilot Phase II. He was member of several 
OGC Standard working groups and invited expert at the W3C Semantic Sensor Network 
working group. 
 
 
Christopher (Chris) Barnes 
 

Chris Barnes is Director of NEPTUNE Canada (2001-), 
the large Canadian ocean megaproject that will help 
transform the ocean sciences. He has helped secure over 
$140 million toward the installation and operation of the 
world’s first regional cabled ocean observatory and leads 
a staff of over 40 specialists. For the previous decade, he 
served as Director of both the Centre for Earth and Ocean 
Research and the School of Earth and Ocean Sciences at 
the University of Victoria, British Columbia. Geology 
degrees (Birmingham, Ottawa) and a PDF (Wales) were 
followed by an academic appointment at the University 
of Waterloo, Ontario in 1965, including as Chair of Earth 
Sciences (1975-81). In a similar chair position at 
Memorial University of Newfoundland (1981-87), he also 
established and led the Centre of Earth Resources 
Research. From 1987-89, he was the Director General of 

the Sedimentary and Marine Branch of the Geological Survey of Canada. 
 
Chris Barnes has served on many boards and councils, including as President of the 
Geological Association of Canada, the Canadian Geoscience Council, and the Academy 
of Science of the Royal Society of Canada; also as Group Chair of both Earth Sciences 
and Interdisciplinary for the Natural Sciences and Engineering Research Council of 
Canada (NSERC); and as a commissioner of the Canadian Nuclear Safety Commission 
and a member of the International Ocean Drilling Program and the International 
Commission on Stratigraphy. His own research involves geology, micropaleontology, 
stratigraphy, paleoceanography and paleoclimatology. He has authored or co-authored 
over 150 publications.  
 
For his various contributions, Chris Barnes has received the J. Willis Ambrose, Elkannah 
Billings, Past Presidents, and Logan medals of the Geological Association of Canada, the 
Bancroft Award of the Royal Society of Canada, the Pander Society Medal, the Brady 
Medal of The Micropalaeontological Society, and the Queen's Golden Jubilee Medal. He 
was awarded an Honorary Doctor of Science degree from the University of Waterloo in 
2007. Fellowship has been awarded in the Royal Society of Canada and the National 
Academy of Sciences, Cordoba, Argentina. In 1996, he was appointed a Member of the 
Order of Canada. 
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Peter Brewer 
 
Dr. Brewer is an Ocean Chemist, and Senior Scientist, at 
the Monterey Bay Aquarium Research Institute 
(MBARI). Prior to joining MBARI in 1991 he spent 24 
years as a researcher at the Woods Hole Oceanographic 
Institution, rising to the rank of Senior Scientist. He 
served as Program Manager for Ocean Chemistry at the 
National Science Foundation 1981-1983, receiving the 
NSF Sustained Superior Performance Award. He has 
taken part in more than 30 deep-sea cruises, and has 
served as Chief Scientist on major expeditions and on 
more than 90 ROV dives with MBARI ships and 
vehicles. He is a Fellow of the American Geophysical 
Union and of the American Association for the 
Advancement of Science. Internationally he has served as 
a member of SCOR, and as Vice-Chair of JGOFS. He has 
served as a member of Vice-President Gore's 

Environmental Task Force, and as a member of MEDEA. He served as President of the 
Ocean Sciences Section of AGU from 1994-1996. He served as a lead author on the 
IPCC Special Report on carbon capture and storage. 

At MBARI he served as President and Chief Executive Officer from 1991-1996, 
completing major laboratory and SWATH ship construction programs and doubling the 
size of the Institution, before returning to full time research. His research interests are 
broad, and include the ocean geochemistry of the greenhouse gases. He has devised novel 
techniques both for measurement and for extracting the oceanic signatures of global 
change. At MBARI his current interests include the geochemistry of gas hydrates, and the 
evolution of the oceanic fossil fuel CO2 signal. He has developed novel techniques for 
deep ocean laser Raman spectroscopy, and for testing the principles and impacts of deep- 
ocean CO2 injection. He is author or co-author of more than 150 scientific papers and 
editor of several books. 

 
David O. Conover 

 
Dr. David O. Conover currently serves as the Director, 
Division of Ocean Sciences at the National Science 
Foundation. As Division Director, Dr. Conover manages 
a budget exceeding $350 million, the largest division at 
NSF. While on extended leave, Dr. Conover retains the 
position of Professor of Marine Science in the School of 
Marine and Atmospheric Sciences (SoMAS) at Stony 
Brook University, Long Island, N.Y. where he served as 
Dean from 2003-2010. As an expert on the ecology of 
marine fishes and fisheries science, he has authored over 
100 papers including many in leading journals such as 
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Nature and Science. In 1997, Dr. Conover was named as the first recipient of 
the Mote Eminent Scholar Chair in fisheries ecology, a prestigious international award 
honoring those who have made major advances in the understanding of harvested marine 
species. He has also been the recipient of an Aldo Leopold Leadership Fellowship. His 
most recent research involves determination of the long-term evolutionary (Darwinian) 
impacts of size-selective harvest regimes on the productivity of marine fish stocks. 
Dr. Conover joined the faculty of Stony Brook University as an Assistant Professor in 
1981. He served as Associate Dean of Marine Sciences from 1995-97 and became Dean 
in 2003. Under Dr. Conover’s leadership, SoMAS greatly expanded its faculty, added 
two undergraduate majors, more than doubled its enrollment, acquired new waterfront 
research and education facilities, and increased its endowments ten-fold. He has served 
on boards of the Consortium for Ocean Leadership, the National Association of Marine 
Laboratories, the Oceans and Atmospheres section of the National Association of State 
Universities and Land Grant Colleges, and was Chairman of the Board of the New York 
Sea Grant Institute. Dr. Conover also founded the New York Marine Sciences 
Consortium (NYMSC see http://www.somas.stonybrook.edu/~awp/), an organization of 
26 academic institutions with expertise in marine science research and education. 
 
Paul DiGiacomo 
 

Dr. Paul M. DiGiacomo is Chief of the Satellite 
Oceanography and Climatology Division in the 
NOAA/NESDIS Center for Satellite Applications and 
Research (STAR). Previously, he was Chief of the 
Marine Ecosystems and Climate Branch in STAR, as well 
as the NOAA CoastWatch Program Manager. Prior to 
joining NOAA in 2006, Paul served as Supervisor of the 
Earth Missions Concepts Group at NASA's Jet 
Propulsion Laboratory (JPL) in Pasadena, CA, as well as 
the Discipline Program Manager of the Carbon Cycle and 
Ecosystems Program Office at JPL. Paul is a biological 
oceanographer, with particular interest in the remote 
sensing of coastal regions. He has a B.S. from Penn State 

University and a Ph.D. from UCLA, both in Biology, and subsequently was a National 
Research Council (NRC) Resident Research Associate at JPL. Paul is active in a number 
of national and international working groups and panels, including presently serving as 
Co-Chair of the GOOS Panel for Integrated Coastal Observations and Co-Chair of the 
Coastal Zone Community of Practice of the Global Earth Observing System of Systems 
(GEOSS), and he also serves as the NOAA Representative to the International Ocean 
Colour Coordinating Group. 
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Alan Edwards  
 

Alan Edwards has worked throughout his career in a 
global scientific research environment.  He began his 
research career in 1973, working in the domain of 
elementary particle physics and in particular the 
electromagnetic interactions of matter.  In 1984 he moved 
to the Joint European Torus (JET) to work on the 
development of nuclear fusion as a potential energy source 
using magnetically confined plasmas. 
 
At the beginning of 1999, he began his career in the 
European Commission, becoming a Programme Officer in 
the Research Directorate General.  His initial 
responsibilities within the Environment Research 
Programme lay in the domains of: marine operational 
forecasting and observing systems; physical 

oceanography; ocean-margin and deep-ocean research. 
 
In addition to these duties, Alan was also a member of the original Support Team for the 
Global Monitoring for Environment and Security (GMES) initiative, with a focus on 
scientific, technical and data policy related issues. 
 
He has also represented the Research Directorate General on the Commission's European 
Marine Observation and Data Network (EMODNet) inter-service working-group. 
 
Following the GMES Initial Period, he became involved with the Group on Earth 
Observations (GEO) initiative as member of the GEO Architecture and Data Committee.  
From mid-2007 he has worked full time on the GEO, serving as the representative of the 
European Commission Co-Chair of the GEO and, in addition, as a Co-Chair of: the GEO 
Capacity Building Committee; the GEOSS Common Infrastructure Initial Operating 
Capability Task Force / GEOSS Common Infrastructure Co-ordination Team; and the 
GEOSS Data Sharing Task Force. 
 
René Garello 

 
René Garello was born in 1953. He received the 
Ph.D. degree in Signal Processing at the Institut 
National Polytechnique de Grenoble (INPG) in 1981. 
From 1982 to 1984 he worked as a Research 
Associate at Aeronomy Lab, National Oceanic and 
Atmospheric Administration (NOAA) at Boulder, 
Colorado (USA). He joined the Ecole Nationale 
Supérieure des Télécommunications de Bretagne 
(Telecom Bretagne), Brest, France in 1985. In 1988 

he became Professor in this engineering school in the field of signal processing and 



Summary	
  Proceedings	
  –	
  GEOSS	
  Workshop	
  XXXVIII:	
  Evolution	
  of	
  Oceans	
  Observing	
  
Systems,	
  Building	
  an	
  infrastructure	
  for	
  Science,	
  Seattle,	
  USA,	
  September	
  19,	
  2010	
  

image processing and in 1995, Prof. Garello obtained his Habilitation (HDR; Habilitation 
to Supervise Research). 

His main research interests lie in Remote Sensing, 2D signal processing, statistical and 
spectral analysis applied to ocean surface features detection and characterization. For the 
last two decades, he has work in the development of signal and image processing tools 
for the interpretation of radar signals and the extraction of sea surface features, either 
natural (wind, waves, currents) or manmade (ships, pollution). These application fields 
were supported by several European projects and industrial contracts. 

Prof. Garello was an elected IEEE OES (Oceanic Engineering Society) AdCom 
member from 1999 to 2001, from 2003 to 2005 and in 2005 for a new three year term. In 
the beginning of 2001, he headed the Committee on Conference Policies (CoCoPo) 
which was in charge of defining a new set of Conference Policies and Procedures in order 
to insure continuity between the successive OCEANS conferences. This committee 
defined several new approaches and came up with the concept of two Oceans-a-year 
(every year in Northern America, every other odd year in Europe and every other even 
year in Asia-Pacific). In order to implement this plan a new committee was formed: the 
Joint Oceans Advisory Board or JOAB, of which Prof. Garello is the co-chair. 

Prof. Garello was the General Chairman of the first OCEANS of the new Two-Oceans-
a-year concept: OCEANS’05 held in Brest, France in June 2005. In 2005, he was elected 
Vice-President Conference Operations and then re-elected in 2006 and 2008. He was 
elevated to the grade of Fellow of the IEEE, class of 2006, “for contributions to signal 
processing applied to remote sensing of the ocean”. He received the OES Service Awards 
in 2006 for developing and implementing the two OCEANS conference policy. 

Prof. Garello has authored or co-authored more than 40 papers, a hundred conference 
communications and three books. 
 
 
 Yoshiyuki Kaneda 

  
Dr Yoshiyuki Kaneda is Director of the Department 
of Oceanfloor Network System Development for 
Earthquake and Tsunamis (DONET), at  the Japan 
Agency for Marine-Earth Science and Technology 
(JAMSTEC). Dr Kaneda holds a Master of  Science 
in Geophysic from Tokyo University, Japan, 1979, 
and a Ph.D in Geophysics, Tokyo University, Japan, 
1979. He received the Society exploration geophysics 
of Japan Awards in 2001. 

Professional Experience: 
1979 - 1992 Research Physics Geophysical Exploration, Japan National Oil 

Corporation (JNOC: JOGMEC in now) 
1992 - 1997 Researcher, Obayashi Corporation Technical Research Institute 
1997 - 2001 Director, Frontier Research Program for Subduction Dynamics, Japan 

Marine Science and Technology 
2001 - 2006 Program Director, Institute for Frontier Research on Earth Evolution, 
   Japan Agency for Marine-Earth Science and Technology (JAMSTEC) 
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2006 - present  Director, Department of Oceanfloor Network System Development for 
Earthquake and Tsunamis (DONET),   JAMSTEC 

Main Professional Service: 
1980 - 1984 The South Pole Sea Structural Research 
2003   Off-Sanriku District Seismological Survey Project 
2003   U.S.-JAPAN Collaborative Research, Multi-Scale Seismic 

Imaging of the Mariana Subduction Factory 
2004 - 2007  Izu-Ogasawara-Mariana Arc Crustal Structure survey for continental shelf  
2007   Urgent Survey of Niigata prefectural Tyuuetsu Earthquake in 2007 
2008   Deep Geological Structure Survey, adjacent with Kashiwazaki-

Kariba power Station, 
Membership of Academic Societies: 
-Earthquake research committee of Japanese government and evaluation committee of 
ESONET 
-Coordinating Committee for Earth Prediction (CCEP)   -The Seismological 
Society of Japan (SSJ) 
-The Society of Exploration Geophysicists of Japan (SEGJ)  -American 
Geophysical Union (AGU) 
-European Geosciences Union (EGU)  
 
Deborah S. Kelley 
 

Dr Deborah Kelley is a Professor at the School of 
Oceanography, at the University of Washington, in 
Seattle, Washington, USA. 
Education:  
1983 B.Sc., Geology, University of Washington, 
Seattle, WA 
1987 M.Sc., Geology, University of Washington, 
Seattle, WA   
1990 Ph.D., Geology, Dalhousie University, Halifax, 

N.S.  
Employment since 2001 
2010-present Associate Director for Science, Regional Scale Nodes-Ocean 

Observatories Initiative, University of Washington 
2010-present Adjunct Professor University of Bergen, Norway 
2006-present Professor, School of Oceanography, University of Washington  
2001-2006 Associate Professor, School of Oceanography, University of Washington 
Field Experience: 
Chief or Co-Chief Scientist on 13 research expeditions, participant on >30 expeditions, 
discovered Lost City Hydrothermal Field, routinely use Alvin, ROV’s Jason and ROPOS, 
and the autonomous vehicles Sentry and ABE. Participated on four Ocean Drilling 
Program Cruises. Routinely use global class research ships from UNOLS fleet. Helped 
develop live-streaming video broadcasts from sea and first live broadcasts of high 
definition imagery from sea using a robotic vehicle at 2200 m water depth – see  
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http://www.interactiveoceans.washington.edu/enlighten 
http://www.visions05.washington.edu/ 
National & International Committees 2005-present 
2009-present Member NRC committee “An Ocean Infrastructure Strategy for U.S. 

Ocean Research in 2030” 
2009-present Co-Chair Replacement Human Occupied Vehicle Oversight Committee 
(RHOV) 
2009-present Member Executive Steering Committee RIDGE program 
2005-present Member Science Advisory Committee (SAC) for NEPTUNE Canada 
2004-2009 Chair National Deep Submergence Science Committee (DESSC) and 

member of UNOLS http://www.unols.org/committees/dessc/index.html 
2003-2006 Member RIDGE Executive Committee (http://www.ridge2000.org/) 
 
 
Tim McGinnis 

 
Tim McGinnis's main interest and expertise is in deep 
ocean engineering and equipment design. For the last 10 
years Tim has been working on a variety of cabled 
seafloor observatory infrastructure and instrument 
development projects. Tim was the System Engineer for 
the MARS Power System and is currently working on the 
OOI-RSN system design and on a water-column mooring 
and profiler system for observatories. 
 
 
 
 
 
 

 
 
Francoise Pearlman 

 
                                               
Francoise Pearlman has thirty years of experience in 
engineering and management including system of 
systems engineering, software engineering and software/ 
system integration and test. For over fifteen years, she has 
applied her management expertise to Government 
programs with focus on development, integration and 
field test of digitization software/systems.  Francoise has 
also participated in numerous technical reviews and 
proposals for a wide range of information systems and 
Command and Control programs.  
After a career in technical management for major 

aerospace corporations, she is currently president of Western Resources and 
Applications, a small women majority owned partnership.  
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She obtained a masters Degree in Aeronautical Engineering from the University of 
Washington, and a Masters in Business and Administration from the University of New-
Mexico. She is a member of IEEE, and is the focal point for GEOSS workshops within 
the IEEE Committee on Earth Observation (ICEO). 
 
 
Jay Pearlman 

Dr. Jay Pearlman was Chief Engineer of NCOC&EM at 
Boeing and a Boeing Technical Fellow.  He was responsible 
for advanced development of information systems. 
Previously he was Northrup Grumman deputy program 
manager of Hyperion on the NASA EO-1 satellite program. 
He has a Ph.D. from the University of Washington and a B.S. 
from the California Institute of Technology. Jay is a Fellow 
of the IEEE. Dr. Pearlman is past-Chair of the IEEE 
Committee on Earth Observation and Co-Chair of the GEO 
Architecture and Data Committee, which is the organization 
building the GEOSS information infrastructure. Jay is a 
member of the the Committee of Earth Studies of the US 
National Research Council and the US National Academy’s 

Ocean Studies Board. Dr. Pearlman has more than 75 publications and 25 international 
patents. 

 
 
Henry A. Ruhl 

 
2008-present, National Oceanography Centre, 
Southampton, currently Senior Research Fellow. 

• Long-term ecological research in the abyssal NE 
Pacific and NE Atlantic 

• Energy industry collaboration to evaluate impacts 
and promote informed resource use 

• ESONET Science objectives workpackage leader  
• Coordination of NOCS input to ESONET, 

EMSO, & DELOS, & assistance in EuroSITES 
• Autonomous Ecological Surveying of the Abyss 

(AESA) 
• Global assessment of climatic influences on 

abyssal carbon flux 
• Theoretical ecology and modelling	
  
• Instrument and methodology development for 

abyssal benthic research 
 

2006-2008. Postdoctoral Fellow, Monterey Bay Aquarium Research Institute, Moss 
Landing, California. 
• Deep-sea ecological research with Kenneth L. Smith Jr. 
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• Energy industry collaboration to evaluate impacts and promote informed resource 
use 

• Abyssal macro - megafaunal community dynamics and bioturbation effects 
• Antarctic research on pelagic biogeochemical effects of icebergs 	
  

 
2001-2006, Ph.D. in Marine Biology, Scripps Institution of Oceanography, University of 

California, San Diego. 	
  
• Deep-sea ecological research with Kenneth L. Smith Jr. 
• Examining links between climate and abyssal processes and communities	
  
• Mentoring and advising of undergraduate students	
  
• Birch Aquarium at Scripps advisory panel member	
  

 
2005, Teaching Assistant, University of California, San Diego. 

• Biological Oceanography with Michael Landry 
 
2000, Staff Research Associate, Scripps Institution of Oceanography, University of 

California, San Diego. 
• Antarctic and deep-sea ecological research with Kenneth L. Smith Jr. 

 
1998, Hydrology, Johns Hopkins University, Washington, DC. 
 
1996, B.S. in Biology, George Mason University, Fairfax, Virginia. 

• Environmental Management Certificate 
• Aquatic ecosystem focus 

 
1994-1999, Biological Science Technician, US Geological Survey, Reston, Virginia. 

• Aquatic vegetation ecology including climatic and hydrologic effects 
• Long-term studies in the Chesapeake Bay and South Florida  
• Remote sensing and model parameterization and verification 
• Two monetary awards for exceptional service 

 
PROFESSIONAL ASSOCIATIONS	
  

• ESONET Science Objectives Workpackage Leader (www.esonet-emso.org) 	
  
• EMSO Associate scientist (www.esonet-emso.org) 	
  
• Deep-Ocean Environmental Long-Term Observatory System (DELOS; 

www.delos-project.org), Steering Committee Member 
• NSF Long-Term Ecological Research Program, Associate Scientist 	
  
• NSF Ocean Carbon and Biogeochemistry Workshop Theme leader, 2008 and 

2010. 	
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Christoph Waldmann 
 

Christoph Waldmann  is at the Center for Marine 
Environmental Sciences, MARUM, University of 
Bremen. His interests include the development of 
underwater platforms and systems, and the systems 
engineering for observatories. He is the co-leader 
for  a work package on data sharing, 
standardization and interoperability according to 
GEOSS for the HYPOX FP7 EU project. 
Professional Experience 
• Studies of physics at the University of Munich 
and Kiel  • 1981 Diploma in Physics  • 1985 PhD in 
physics at the University of Kiel  Ocean sensors, 
equation of state of seawater  • 1985-1989 Post 
graduate student at the Institute of Physics, 
University of Kiel Angwandte with a year's stay at 
the Woods Hole Oceanographic Institution  • 1989-
1992 Research Scientist at the Alfred Wegener 
Institute for Polar and Marine Research, 

Bremerhaven  • 1992-96 Research Fellow at the University of Kiel  • Since 1996, the 
Center for Marine Environmental Sciences, University of Bremen (MARUM)  • 
Academic Year 2006 - 2007 Visiting Professor at the Florida Institute of Technology. 
 
 
 
Bob Weller 
 

Robert A. Weller is a senior scientist at the 
Woods Hole Oceanographic Institute. He holds 
an AB from Harvard University in Engineering 
and Applied Physics (1972), and a Ph.D. from 
Scripps Institution of Oceanography in 
Physical Oceanography (1978).  
Employment 
Secretary of the Navy, Chair in Oceanography, 
1998–2002; Henry Bryant Bigelow Chair for 
Excellence in Oceanography, 1993-1996. 

Department Chair, July 2006–July 2010; Senior Scientist, 1992-present; Associate 
Scientist, 1984-1992, tenure awarded, 1988; Assistant Scientist, 1980-1984; Postdoctoral 
Investigator, 1980; Postdoctoral Scholar, 1979-1980, Woods Hole Oceanographic 
Institution. Postgraduate Research Oceanographer, 1978-1979; Research Assistant, 1972-
1978, Scripps Institution of Oceanography, University of California, San Diego. Research 
Assistant, 1970-1972, Division of Engineering and Applied Physics, Harvard University. 
Awards: 
Clement Herschel Prize in Hydraulics, 1972 U.S. Patent No. 4,152,934, “Vector 
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Measuring Current Meter” James B. Macelwane Award, American Geophysical Union, 
1986 Fellow, American Geophysical Union, 1986 NASA Certificate of Recognition, 
1991 Fellow, American Meteorological Society, 2002 Sverdrup Medal, American 
Meteorological Society, 2002 
Research Interests: 
Upper ocean response to atmospheric forcing (wind stress and buoyancy flux); role of 
horizontal variability in air–sea interaction; role of surface waves and related processes in 
upper ocean dynamics; coupling between the upper ocean and the interior; the ocean’s 
role in climate; sustained ocean observing systems. 
 
Zdenka Willis 

 
Zdenka Saba Willis is the Director of NOAA’s Integrated 
Ocean Observing System (IOOS) Program. She administers 
NOAA’s IOOS activities and contributions to the U.S. IOOS 
which is a coordinated network of people and technology that 
work together to generate and disseminate continuous data on 
our coastal waters, Great Lakes, and oceans. 

 
The U.S. IOOS is our nation’s ocean contribution to an 
international effort called the Global Earth Observation 
System of Systems (GEOSS), which is designed to 
continuously and comprehensively monitor Earth and 
transmit observations globally. 

 
Prior to her assignment as Director of NOAA’s IOOS Program, Ms. Willis served as 
Director of NOAA’s National Oceanographic Data Center and administered the NOAA 
Central Library, the National Coastal Data Development Center, and the World Data 
Center of Oceanography, Silver Spring, Maryland. Ms. Willis is a retired Navy Captain 
with career service as a Meteorology and Oceanography officer in the United States 
Navy. She worked with NOAA to promote interagency cooperation as the Naval Deputy 
to NOAA; worldwide sea ice analysis and forecasting as Director of the National Ice 
Center; and as the satellite and operations officer Naval Polar Oceanography Center. 
While the Director of the National Ice Center initiated a visiting scientist program which 
attracted post-doctorate researchers focused on the Arctic and Antarctic. Her 
meteorological background include weather forecasting for Naval aircraft as the Officer 
in Charge of the Naval Oceanography Command Detachment, Oceana Virginia and for 
Navy vessels as the Naval Eastern Oceanography Center, Norfolk Virginia. Ms. Willis 
joined NOAA in December, 2005. 

Ms. Willis has a background in the collection of oceanographic data onboard the USNS 
Harkness and USNS Maury survey vessels and in the electronic navigational charting as 
Deputy Navigator of the Navy. She co-authored two handbooks related to mapping and 
charting: Mapping, Charting and Geodesy Handbook and the Geospatial Services and 
Maritime Navigation. Her other relevant Naval positions are the director of the Strategic 
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Policy Forum (a Congressional and Executive Branch crisis simulation for Members of 
Congress, senior Executive branch officials, and military leaders) and adjunct professor 
in the Strategic Leadership Department at the Industrial College for the Armed Forces. 

Ms Willis received her Bachelor’s Degree in Marine Science from the University of 
South Carolina. She received a Master’s degree in Meteorology and Oceanography from 
the Naval Postgraduate, and a Master’s Degree in National Strategy from the Industrial 
College of the Armed Forces. 
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Attachment II – Workshop attendees 
 

GEOSS	
  WORKSHOP	
  
REGISTRANTS	
  

E-­‐mail	
  Address	
  

ADLER,	
  John	
   John.Adler@noaa.org	
  
ALLEN,	
  Simon	
   simon.allen@csiro.au	
  

ARROTT,	
  Matthew	
   marrott@ucsd.edu	
  
ASSALIH,	
  Hassan	
   ha92@hw.ac.uk	
  
BARBERA,	
  James	
   j.barbera@ieee.org	
  

BARBERA,	
  James,	
  Jr	
   jim.barbera@quantum.com	
  
BARNES,	
  Christopher	
   crbarnes@uvic.ca	
  

BERMUDEZ,	
  Luis	
   lbermudez@opengeospatial.org	
  
BREWER,	
  Peter	
   brpe@mbari.org	
  
BROWDY,	
  Steve	
   steveb@omstech.com	
  
CARROLL,	
  jerry	
   jerrycortez@charter.net	
  

CHAMBERLAIN,	
  Stanley	
   s.chamberlain@ieee.org	
  
COLLIER,	
  Tracy	
   tracy.k.collier@noaa.gov	
  
COLLINS,	
  James	
   j.s.collins@ieee.org	
  

CONOVER,	
  David	
   dconover@nsf.gov	
  
COOPER,	
  Paul	
   paul.cooper@caris.com	
  

CROUT,	
  Richard	
   Richard.crout@noaa.gov	
  
DiGiacomo,	
  Paul	
   paul.digiacomo@noaa.gov	
  
DUNCAN,	
  Darrell	
   darrell.duncan@noaa.gov	
  
EDWARDS,	
  Alan	
  *	
   alan.edwards@ec.europa.eu	
  
EICHHORN,	
  Mike	
   mike.eichhorn@nrc-­‐cnrc.gc.ca	
  

EVANGELIDES,	
  Stephen	
   sgevangelides@appcorp.us	
  
FREDERICKS,	
  Janet	
   jfredericks@whoi.edu	
  

GARELLO,	
  René	
   r.garello@ieee.org	
  
GILLESPIE,	
  Randy	
   randy.gallespiemi.mun.ca	
  

HERMAND,	
  Jean-­‐Pierre	
   jhermand@ulb.ac.be	
  
HOFMANN,	
  Martin	
   mhoffmann@uvic.ca	
  

HOLT,	
  Stephen	
   sholt@noblis.org	
  
JENKYNS,	
  Reyna	
   reyna@uvic.ca	
  
JUGAN,	
  Michael	
   michael.jugan@navy.mil	
  

KANEDA,	
  Yoshiyuki	
   kaneday@jamstec.go.jp	
  
KELLEY,	
  Deborah	
   dskelley@u.washington.edu	
  

LAUTENBACHER,	
  Conrad	
   clautenbacher@csc.com	
  
LEVER,	
  John	
   john.a.lever@navy.mil	
  
LOBE,	
  Hank	
   hank@severnmarinetech.com	
  

MARTIN,	
  David	
   dmartin@apl.washington.edu	
  
MAYORGA,	
  Emilio	
   mayorga@apl.washington.edu	
  

MCGINNIS,	
  Tim	
   tmcginnnis@apl.washington.edu	
  
MCLEAN,	
  Craig	
   craig.mclean@noaa.gov	
  

METTLACH,	
  Theodore	
   theodore.r.mettlach@saic.com	
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MORONEY,	
  David	
   david.moroney@noaa.gov	
  
NEWMAN,	
  Thomas	
   tnewman@terrosand.com	
  

NICHOLS,	
  Nicole	
   nwn3@u.washington.edu	
  
O'GORMAN,	
  David	
   dave@coas.oregonstate.edu	
  
O'KEEFE,	
  William	
   wok@surmount.ca	
  

PAIGE,	
  Kelli	
   kpaige@glos.us	
  
PEARLMAN,	
  Francoise	
   jsp@sprintmail.com	
  

PEARLMAN,	
  Jay	
   jay.pearlman@ieee.org	
  
PENNY,	
  Daniel	
   dpenny@earthlink.ca	
  

RUBERG,	
  Steven	
   steve.ruberg@noaa.gov	
  
RUHL,	
  Henry	
   h.ruhl@noc.soton.ac.uk	
  

SHITASHIMA,	
  Kiminori	
   shita@criepi.denken.or.jp	
  
SMITH,	
  shannon	
   shannon@consciousystems.com	
  

SON,	
  Joseph	
   jis4@pge.com	
  
SPINRAD,	
  Rick	
   rick.spinrad@oregonstate.edu	
  

STAPLETON,	
  Carla	
   stapletoncm@hotmail.com	
  
TAN,	
  Alfred	
   tanalf@mit.edu	
  

THOMAS,	
  Robert	
   rthomas@compusult.net	
  
TOLL,	
  Ray	
   tolltrr@saic.com	
  

WADSWORTH,	
  Thomas	
   twadworth@mbari.org	
  
WALDMANN,	
  Christoph	
   waldmann@marum.de	
  

WELLER,	
  Robert	
   rweller@whoi.edu	
  
WERNLI,	
  Robert	
   wernli@ieee.org	
  

WIENER,	
  Thomas	
   t.wiener@ieee.org	
  
WILLIAMS,	
  Albert	
   awilliams@whoi.edu	
  
Williams,	
  Kimball	
   k.williams@ieee.org	
  
WILLIS,	
  Zdenka	
   zdenka.w.willis@noaa.gov	
  
WILSON,	
  Doug	
   doug.wilson@noaa.gov	
  

WOODROFFE,	
  Adrian	
   awoodroffe@oceanworks.com	
  

	
  
 
 
 
 
 
 
 


