1. Great Lakes Observation System

2. Principal Investigator: Steve Ruberg (60%)

3. Co-principal Investigators: Tom Bridgeman (Lake Erie Center), Tom Johengen, David Schwab, Steve Lozano

4. Project Type: Continuing

5. Project Category E

6. January – December 2004

7. Percent of Effort in Theme Area: 

1. Environmental Prediction: 

2. Ecological Prediction: 30%

3. Aquatic Invasive Species: 

4. Great Lakes Observing System: 70%

8. Executive Summary:

This proposal is intended to continue to build a programmatic and engineering research and development base to establish a Great Lakes environmental observation network. In addition to advancing GLERL’s scientific real-time data acquisition capability, the project will make relevant data accessible to the public and educational institutions through a web-based data interface. Permanent and portable wireless internet observation systems will be deployed at five sites for the purposes of continued engineering development and scientific data collection in Lakes Huron, Michigan and Erie.  

Overcoming issues related to sensor calibration and per unit costs are barriers to deployment over large spatial areas required for observing systems. Multi-sensor systems were identified as an important engineering need for scientific data collection at the 2003 Biological and Chemical Sensor conference at Woods Hole. Multi-parameter microsensors based on integrated circuit technology, currently being developed under a NOAA Small Business Innovative Research grant with Sensicore, Inc., have the potential to increase spatial data collection capabilities due to their small size and low cost.

9. Proposed Work

The goals of this project:

· demonstrate the capability to trigger sampling events using real-time observations

· develop a permanent year round observation capability in Lake Erie

· demonstrate an application of Lake Michigan buoys in cross-lake experiments

· demonstrate an improved wireless internet data security mechanism using secure shell 

· demonstrate wireless internet system multiple access and relay capabilities

· develop the capability to convert from Firewire video to Ethernet 10/100

· develop a program plan for an integrated, large scale Lake Erie observatory

· continue to build a regional partnership for observing systems

· laboratory and field test multi-parameter microsensors

Lake Erie 

One permanent and one portable wireless internet observation system will deployed in the western basin of Lake Erie demonstrating event-triggered sampling, scanning acoustics, multiple access and and relay. A permanent wireless internet observation site will be placed at the Toledo Light as shown in figure 1. The prototype wireless internet buoy successfully deployed in 2003 in the central basin of Lake Erie will be deployed at a site near West Sister island in the western basin. Parameters measured will include dissolved oxygen, chlorophyl a, PAR, turbidity, pH, conductivity, temperature profiles, waves, and current profiles. Both systems will be deployed with wave-measuring ADCPs, themistor strings, and YSI multi-probes. The wireless internet data security mechanism will be improved using secure shell.

A detailed logistics analysis will be necessary to plan for the deployment, operation and maintenance of a large-scale integrated Lake Erie observation system. This effort will be contracted to a logistics management company.  
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Lake Michigan 

The Lake Erie prototype buoy technology will be transferred to construct two new systems, one by GLERL and a second system by the University of Wisconsin – Milwaukee,  to be deployed in Lake Michigan at Muskegon and Milwaukee under a proposal awarded by NOAA High Performance Computing. The wireless internet data security mechanism will be improved using secure shell.

Lake Huron

The Lake Huron buoy will be re-deployed in the Thunder Bay National Marine Sanctuary providing environmental observations and shipwreck video. This buoy, jointly funded by GLERL and NOAA/OE, will be placed in Thunder Bay on the Montana shipwreck for observation by sanctuary constituents. The system will utilize wireless internet technology to relay observations integrated with the existing meteorological web page to Sanctuary headquarters. The wireless internet data security mechanism will be improved using secure shell.

Regional Partnership for Observing Systems

The intent of this project task is to bring together a team of  NOAA and Great Lakes institutes providing personnel and financial support to construct a Great Lakes wide integrated environmental observatory.  This program development effort will continue to pursue external funding for the project in 2004 from NOAA programs such as NESDIS and the High Performance Computing program.  

The project will also continue to build on informal relationships resulting from observing system activities in 2003 with the National Ocean Service, Grand Valley State University and Environment Canada.  

Microsensor Research and Development

GLERL will act as a Beta test site for multi-parameter microsensors capable of measuring pH, conductivity, ammonium, temperature, and dissolved oxygen.

Microsensor field tests will be conducted under conditions providing a wide dynamic range for sensor input such as those found in Lake Huron sinkholes. 

10. Rationale: 

An integrated environmental observatory will be capable of providing real-time observations of chemical, biological, and physical parameters. The system will allow data collection during extreme weather events, facilitate modification of sampling parameters in anticipation of episodic events, facilitate collection of biological and physical samples in response to episodic events, support long term research and support sensor and system development. The system will include a high bandwidth data link and underwater hub designed to allow expansion via satellite nodes. The system architecture will be designed to allow simple integration of sensors from various institutions through guest ports. Access to and control of instrumentation will be made available to the scientific community and educational institutions through the internet.  System data collection will be integrated with GLERL’s Real-Time Meteorological Observation Network (www.glerl.noaa.gov/metdata). The establishment of a system capable of real-time observations will support GLERL’s leadership of observation system activities among Great Lakes area universities and non-profit institutions.

The engineering research and development effort expended on this project has the potential to advance GLERL’s scientific data collection capabilities.  A network of real-time data collection platforms can allow GLERL to respond to episodic events such as sediment re-suspension or cyclical biomass changes. Figure 2 is a plot of turbidity data collected hourly from an automated mechanical profiler in August, 2001 at Muskegon. The signal at the thermocline is associated with light attenuation related to plankton; the cyclical nature is attributed to an inertial influence. Sampling by an automated system at or above the Nyquist rate can provide a useful data set at the thermocline. However, the benthic signal is much more random in nature requiring a sampling rate that would make data collection very difficult. Real-time observation of an event such as this could allow sampling to be requested from a research vessel or initiated using automated methods.  
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Figure 2

Real-time observations will improve data acquisition reliability. Data acquisition failures occur for reasons attributed to preparation error, water intrusion, or instrument loss due to a variety of causes. In real-time systems, instrument preparation errors can be detected immediately upon instrument deployment and corrected. When data is collected in real-time and archived, not only can failures be detected, but there is no loss of data due to instrument failure or loss.  

Lake Erie Rationale

Real-time observations of turbidity and DO variability will be used to trigger GLERL and LEC sampling events. Turbidity extremes occurring in the western basin have previously inhibited video sampling of zebra mussels. Video sampling is currently being used as a measurement of mussel distribution and for ground-truthing of acoustic data. 

Western Lake Erie waters become thermally stratified during summer for periods ranging from 2 to 10 days.  These stratification events often result in low oxygen concentrations near the sediments, which may, in turn, have adverse effects on benthic animals, especially mayfly larvae.  Mayfly larvae are particularly important because they are a major component of yellow perch diets.  Although there appears to be a correlation between high yearly stratification and mayfly reproductive failures, the mechanism behind this connection is unknown.

Real time temperature and oxygen data would allow us to identify stratification events as they are developing.  During such events, we would be able to deploy divers or an ROV to observe mayflies under oxygen stress, answering questions such as:  Does hypoxia kill mayflies outright?  Or, does hypoxia drive mayflies from their burrows in search of oxygen?

Lake Michigan Rationale

Current real time communication strategies have several disadvantages, of which a major one is data transfer capacity.  The ability to collect real time video data, made possible with IEEE 802.11 systems,  will open up numerous opportunities in large lakes research.  For example, current research being conducted at the UWM Great Lakes WATER Institute is attempting to determine spawning behavior of perch in nearshore waters, and potentially competitive interactions between perch and the exotic goby.  Continuous real-time underwater observation will allow researchers to monitor spawning behavior and conduct opportunistic sampling.  A second focus of research is the ecology of nuisance algae (primarily Cladophora spp.) that grow on the lake bottom.  Continuous observation will allow researchers to more accurately monitor Cladophora growth and to determine the causes and timing of Cladophora sloughing that leads to water quality deterioration and beach closings. 

A shore station, surface buoy, and underwater hub will be assembled and deployed at Muskegon, MI and Milwaukee, WI to allow real-time high-bandwidth data collection. The shore station and surface buoy will communicate at data rates up to 5 Mb/s using a IEEE 802.11 compatible wireless LAN. This system will have the capability for point-to-point and point-to-multipoint connections allowing environmental data collection over a broad spatial area. The underwater hub provides a standard interface to enable the integration of sensors with digital and analog outputs. This interface, along with web access, will allow simplified sensor installation and data access by institutions external to NOAA and UWM creating an environmental data collection infrastructure as opposed to an ad hoc data collection system. 

Lake Huron Rationale

GLERL received funding from NOAA Ocean Exploration to build and test an observation buoy providing real-time environmental observations for the Thunder Bay National Marine Sanctuary and Underwater Preserve. 

Regional Partnership for Observing Systems Rationale 

In 2003, formal collaborations were extended through external and internal proposals and operation agreements with the University of Wisconsin - Milwaukee, NASA Glenn Research Center in Cleveland, the US Coast Guard, the National Weather Service, the Alliance for Coastal Technologies, and the University of Toledo Lake Erie Center. Long-term development, testing, operation, and maintenance of a Great Lakes wide observation system will require the resources of a large number of Great Lakes institutions.

Microsensor Research and Development Rationale

Marine Instrumentation Lab microsensor research and development was initiated in CY2000 when it was recognized that the design and cost of existing sensors were limiting factors in the development of an observing system capable of multi-parameter, high resolution, spatial measurements.  A contract was awarded to Sensicore, Inc. in CY2003 for the development of a multi-sensor capable of measuring pH, conductivity, temperature, dissolved oxygen, and ammonium on a single 15 sq. mm measurement surface. These micro-electromechanical systems (MEMS) have the potential to be produced at lower cost than existing sensors as they are designed using integrated circuit technology. The Next Generation of in situ Biological and Chemical Sensors in the Ocean workshop held at Woods Hole, MA in July, 2003 identified research into sensors capable of providing multi-parameter measurements as an important engineering R&D goal.
11. Government/Societal Relevance:

This project is relevant to NOAA’s strategic goal to enhance environmental observing and prediction systems and GLERL’s environmental and ecological forecast program areas. NOAA strategic goals relevant to this project are to protect, restore and manage the use of coastal and ocean resources through ecosystem management approaches and to serve society’s need for weather and water information.

A real-time observation system not only provides GLERL with an advanced scientific data collection capability but also allows public access to environmental information. Figure 3 demonstrates that GLERL’s present real-time meteorological sites are seen as valuable sources of information to the public. The wireless internet technology designed into the coastal buoy-based system proposed here will allow science, education and the public to access additional real-time data such as wave height, water temperature and turbidity. The high bandwidth capability of this technology was used in an educational broadcast at the Thunder Bay National Marine Sanctuary in September 2003 streaming real-time video and audio of a live shipwreck survey to schools in Michigan and Connecticut.
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Figure 3

12. Relevance to Ecosystem Forecasting:

A network of observation system buoys can provide a real-time input into ecological and physical models just as real-time meteorological data provides initial conditions for GLERL’s wave and circulation forecast research. Currently, real-time sensor inputs for wave and circulation nowcast and forecasts are input into the model six times per day. Real-time observations have the potential to allow a broad range of biological and chemical parameters to be measured and subsequently input into developmental and operational ecological forecast systems.

13. Links:

The proposed development will form the basis of a future observation network currently being planned by GLERL with NOAA/NURC North Atlantic and Great Lakes, the University of Wisconsin’s Water Resources Institute, Ohio State Sea Grant, and Wisconsin Sea Grant Institute’s Aquatic Sciences Center. 

The joint proposal with the University of Wisconsin – Milwaukee for NOAA/High Performance Computing resulted in the funding of a collaborative development of two IEEE 802.11b based wireless internet buys at Milwaukee and Muskegon for use in cross-lake studies. 

Award of the Chemical Sensor Arrays for Remote Sensing NOAA phase I SBIR for development of advanced marine sensors resulted in collaboration with international sensor developers and users at the WHOI Biological and Chemical Sensor Workshop at Woods Hole, Mass. 

The development of observation systems and microsensor technology has led to a collaboration with Alliance for Coastal Technologies in joint development of a permanent observation station on Lake Erie, an invitation to participate as a member of the organizing committee for the March, 2004 workshop, Development and Potential Application of Nano-Technology Systems for Water Quality Monitoring Sensors and planning for a buoy-based observation system potentially deployed in 2005.

The observation buoy placed in the central basin of Lake Erie provided real-time, continuous measurements of dissolved oxygen and temperature. Oxygen and temperature observations were presented at the Lake Erie Millennium conference in Windsor, ON on November 10, 2003 at the request of academic and EPA project managers. Discussion centered on the potential for deploying several real-time systems in the central basin with the goal of providing a capability for continuous measurements of dissolved oxygen and temperature and event driven sampling.

14. Project Timeline:

Lake Erie: 

Permanent and portable wireless observation systems in place by May 1, 2004 if funds are received by January 15, 2004.

Lake Michigan:


Wireless observation system in place at Muskegon by July 15, 2004.

Lake Huron:


Wireless observation buoy in place by June 15, 2004.

Regional Partnership for Observing Systems


Complete by November 15, 2004

Microsensor R&D


Laboratory Beta testing complete by May 30, 2004.


Field testing completed by September 30, 2004.

15. Budget Request: 


Lake Erie. It is important to note that Lake Erie instrumentation costs represent the needs of the multiple PIs involved in the Lake Erie integrated program. Funds requested above that amount represent those requested for only the permanent observatory and travel expenses. All Lake Erie measurement parameters will support PIs involved in the Lake Erie Integrated program.
YSI multi-probe , $11,000 each

(chl a, turbidity, temp, DO, pH, conductivity)
$22,000

thermistor strings




$  4,000

permanent observatory



$15,000

met sensors





$  3,000

observatory logistics plan



$  5,000

travel






$  2,000


Lake Erie TOTAL




$51,000


Lake Michigan: no funds requested

Lake Huron: no funds requested


Regional Partnership for Observing Systems: travel 
  $2,000


Microsensor R&D:  use of ROV 



  $4,000

Project TOTAL





$57,000

16. Resources:

Muzzi (70%). Ron will continue as lead project engineer in the engineering research and development of wireless observation technology based on the IEEE 802.11 standards.

Lane (40%). John will continue to work on R&D associated with buoy communication and power systems (30%) and the microsensor Beta testing project (10%).

Miller (50%). Terry will continue to work on specialized mooring systems for and deployment, retrieval and maintenance of wireless observation buoys.

Lang (10%). Greg will work on the development of a real-time web display of buoy data from Erie, Huron, and Michigan integrated with existing meteorological measurements. 

Ford (10%). Tavares will research and potentially develop the capability to convert from Firewire video to Ethernet 10/100.

Fanslow (10%). Dave will act as a small boat operator and assist in deployment, retrieval and maintenance of wireless observation buoys.

17. No remaining funds at GLERL or CILER.

18. No banked funds available.

19. External funds


The University of Toledo Lake Erie Center will provide sensor maintenance, antenna tower and internet access estimated at $5,000 for the 2004 field year. The Alliance for Coastal Technologies program will provide a summer intern for shared development activities and funding for some system components. 

University of Toloedo Lake Erie Center

Wireless Shore Station, estimated contribution
  $5,000



ACT Summer Intern




  $5,000



ACT Permanent observatory contribution

  $2,000


TOTAL





$12,000
20. Ship Time: Large vessel: Lake Erie 3 days, Lake Huron 3 days, Muskegon 2 days. 

Small vessel with winch for the whole field season or the project will not be successful.

21. No special MIL resources required
22. No special Computer Resources required.

23. N/A
24. All new equipment listed under Lake Erie Budget request.
Radioactive/Hazardous materials:  N/A
Toledo Light





West Sister





Figure 1. Permanent wireless observation system located at Toledo Light, wireless buoy located at West Sister Island.








