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Purpose

MONCOZE (Monitoring the Norwegian Coastal Zone Environment) is a Norwegian nationally funded research project aimed at developing, testing and demonstrating a pilot monitoring system for the Norwegian coastal environment. The focus is on ocean environmental parameters from physics through primary production. The partners of MONCOZE are the Nansen Environmental and Remote Sensing Center (NERSC), the Institute of Marine Research (IMR) and the Norwegian Meteorological Institute (met.no). These are leading ocean modeling and prediction groups in Norway, and they are very familiar with the status of coastal ocean monitoring enterprises in Norway and in Europe at large. However, it is known that there are several groups in the USA that are actively pursuing coastal monitoring and are taking innovative approaches to the problem. It was therefore proposed that the MONCOZE project should send representatives to visit a few of the leading LJS groups. Three groups were chosen as the primary contacts: Dartmouth College (Dr. D. Lynch and coworkers), Rutgers University (Dr. S. Glenn and coworkers) and VERIDIAN (Dr. C. Wackermann. These groups are known for their experience, respectively in developing operational monitoring systems and toolkit development for coastal application of satellite imaging radar (SAR). In addition, there was a visit to Woods Hole, where there is a range of activities relating to coastal monitoring.

The purpose and nature of the visit was to discuss and exchange relevant knowledge, plans as well as some pilot demonstration of systems for modeling and monitoring of coastal zone environment. Such systems with their relevant components are currently under implementation, testing and pre-operational demonstration at several of the above named institutions. In this context the visit is considered of high importance to establish good contacts at a relatively early phase for possible outline and definitions of future collaboration within this very new and challenging field. The visit was financially supported by Office of naval Research (ONR) - London.
TRAVEL COMPLETED 

Table 1. Summary of visits conducted under this VSP.

	Person Visited
	Position
	Institution / Conference
	Location
	Scientific / Technical Purpose
	Dates (mm/dd/yy)

	Dan Lynch
	Director, Numerical Methods Laboratory
	Thayer School of Engineering, Dartmouth College
	Dartmouth, NH
	Ocean modeling
	04/17/02



	Dan Webb
	Scientist
	Webb Research Group
	Woods Hole, MA
	APEX floats
	04/18/02

	Scott Glenn
	Professor
	Rutgers Univ., Institute of Marine and Coastal Sciences, Coastal Ocean Observation Lab
	NJ
	Coastal observations and modeling
	04/22/02 and 08/14/02

	Christopher Wackerman, 

David Lyzenga


	Scientist
	VERIDIAN
	Ann Arbor, MI
	Wide-swath SAR
	08/12/02


Thayer School of Engineering, Dartmouth College 

Host group

Numerical Methods Laboratory (NML): 
Daniel Lynch, Director

Christopher Naimie 

Jeffrey Proehl

Ata Bilgili 
Mirek Kiczko 
Stephen Rogers 
Keston Smith

The group works with the development of numerical tools for analyzing and predicting the state of the marine environment. This is pursued along three lines of effort: regional numerical modeling of coastal and shelf areas, coupled physical-biological models, and data assimilation.

Of particular interest for us is the group's involvement in studies of the Georges Bank (U.S. GLOBEC) and the South Atlantic Bight (SABSOON, sponsored by NOPP).

URLs: 

http://www-nml.dartmouth.edu/htip://globec.whoi.edu/ htip://www-nml.dartmoutli.edu/circmods/SABSOON/
Agenda of visit

Dr. Ata Bilgili made arrangements for accommodation and meetings.

Wed. 17 April 2002:

9:00 - 12:30 Introductions, agreeing agenda, overview of NML activities related to coastal monitoring, presentations of some relevant NML projects

12:30 - 13:30 Lunch

13:30 - 17:30 Presentation of MONCOZE, presentations of relevant NML projects, general discussion

      Thurs. 18 April 2002

9:00 - 10:30 Further individual discussions

Highlights of presentations/discussions

NML's modeling is based on the Quoddy finite element model. This is in contrast to the finite difference models used by the partners in MONCOZE (POM type and HYCOM). However, a scientist at IMR (W. P. Budgell) is active in Quoddy development, and there

are close contacts with NML through the Quoddy User's Group. Model technicalities were therefore not discussed in any depth.

Georges Bank: NML has developed numerical models and data assimilation methods for hindcasting and forecasting the circulation in the region, as well as coupled bio-physical models for plankton species (primarily calanus finmarchicus). Capabilities for real-time assimilation of ship-borne ADCP current observations into the QUODDY model were demonstrated during a field exercise in 1999. The real-time system consisted of a large-scale 2D ocean model and local area atmospheric model (run ashore) which delivered forcing to a local 3D ocean model (run onboard); observations were assimilated into the local model. The assimilation method uses the available observations to correct initial and lateral boundary conditions. Zooplankton (calanus and hydroids by video plankton recorder) observations were successfully assimilated into the coupled model during the same exercise. The assimilation method is apparently a variational method (see below). The observations assimilated have been project/opportunity-driven, not a permanent operational program. The success of the assimilation seems to be due to good observational coverage and a well-validated model. Also, it appears that the mean circulation can explain a large amount of the ecosystem variability.

South Atlantic Bight: An operational model system similar to that for the Georges Bank has been set up for the SAB. New is assimilation of in situ data from offshore towers and satellite ocean color data. It is planned to replace the 2D lateral boundary forcing with a GODAE version of HYCOM run by RSMAS. There is also an effort to couple QUODDY and a local NWP model.

The data assimilation methods developed for these applications are of interest. As described in (www-nml.dartmouth.edu/Publications/internal reports/NML-99-10/) for the Georges Bank, in situ observations by CTD and ADCP are used to improve the forecast. An objective analysis of available hydrographic observations and climatology was made prior to the field program to initialize the local model. CTD casts made during the program were subsequently used to amend the objectively analysed fields for reinitialization of the daily forecast runs. Ship-borne ADCP velocity measurements were assimilated by means of an inversion to improve the pressure boundary conditions. Note that this requires an inverse of the linearized version of the forward model; the inversion package for QUODDY is known as TRUXTON.

Assimilation of plankton observations was performed using a classical variational (adjoint) method. The population model is posed as a 2-D advection-diffusion-reaction equation for the depth-averaged concentration of copepod species (Pseudocalanus spp.). The control variable for the cost-function is the reaction (net growth/mortality).

In coupled bio-physical modelling, NML is problem-oriented and has attacked the problem in a top-down manner, i.e., focus on the target species (e.g., copepods) first. This is in contrast to the bottom-up strategy (nutrients -> primary production -> ... -> target species).

Mirek Kiczko presented his master's work: Search and rescue strategies using Bayesian updating of location probabilities.

Ata Bilgili presented ongoing work on estuarine modelling. A kinematic model is being applied at very high resolution (4-200 m). Wetting and drying is implemented by including a porous medium bottom layer that is always "wet."

Areas of possible collaboration

Assimilation methods for in situ observations. A major challenge in MONCOZE is exploiting the extensive program of semi-routine ship observations at IMR. This has been addressed by NML, both for physics and for plankton. The main difference is that the Georges Bank work has been episodic and densely observed.

Collaboration on FEM modelling NML-IMR will continue. 

Actions agreed

Bruce Hackett: Send Ide et al paper to Lynch

Bruce Hackett: Send ps versions of Verlaan papers to Smith 

Bruce Hackett: Request ms of Merik's Master's thesis on SAR 

Einar Svendsen: Send ecosystem modeling papers to Smith/Lynch/Bilgili.

Woods Hole

Host groups

Webb Research Corp.: 
Dan Webb

WHOI Applied Ocean Physics and Engineering: 
James Edson

WHOI Biology Dept.: Bruce Keafer (ECOHAB)

NOAA National Marine Fisheries Service (NMFS), Woods Hole Laboratory: 
David Mountain

URLs: http://www.webbresearch.com/  http://www.whoi.edu/air-sea/observatory.htm http://www.whoi.edu/science/B/ecohab/   http://globec.whoi.edu/globec.html http://www.gomoos.org/
Agenda of visit

Thurs. 18 April 2002:


16:00 - 17:30: Visit to Webb Research. Orientation on APEX floats and SLOCUM glider development, incl. cooperation with Rutgers Univ.

Fri. 19 April 2002:

9:00 - 10:30: Visit to WHOI - James Edson. Orientation on the Martha's Vineyard Coastal Observatory (MVCO) and GoMOOS.

12:00 - 13:30: Visit to WHOI - Bruce Keafer. Orientation on ECOHAB project.

14:00 - 15:30: Visit to NMFS - David Mountain. Orientation on government fisheries monitoring in U.S.

Highlights of presentations/discussions

Webb Research: IMR has just ordered 3 APEX floats. Discussion about the possibilities for mounting biochemical sensors on future APEX models.

Gliders have been long in planning but only recently been proven feasible. Most testing has been in shallow waters. Modularity of instrumentation is a good feature.

MVCO: The observatory is under development, started installation in December 1999. It is designed similar to the LE015 observatory run by Rutgers Univ. In fact, WHOI's Oceanographic Systems Laboratory developed much of the hardware for LEO 15 and it is also used at MVCO. The observatory features semi-permanent bottom instrumentation nodes that are cabled to shore, with data relay to WHOI. This is a near-shore installation on a shallow shelf: undersea node at 1.5 km out, 12 m depth; an offshore tower for air-sea flux measurements is planned to be installed summer 2002, -3 km out at -15 m depth (ONR funding: CBLAST).

The focus is on air-sea interaction and sediment transport (beach erosion) processes. Target users are scientists. Edson sees the MVCO as an element in a chain east coast observatories, including LEO 15 and others. Plans for HF radar to extend the reach of the observatory.

ECOHAB: A major issue of WHOI involvement in ECOHAB is to understand the complex interactions between the physics and biology in the Gulf of Maine. Most of the work was done by biologists, and to us it seems that relatively simple physical transport mechanism could explain some of the "unexplained" observations. They did not have any 3D coupled circulation-primary production model (like we have) to work with, and this could be a contribution to their work if they are interested.

NMFS: This is a regional office (Rhode Island and north) with mandate for monitoring of fish stocks. They perform routine monitoring in the form of regular survey cruises: spring and fall surveys for fish (300-400 trawls annually); 6 times a year, surveys of zooplankton (-30 tows each time) and hydrography (1000-2000 casts annually). A main goal is determining the seasonal and interannual variability of the dominant zooplankton species. No nutrients or phytoplankton are observed. Most use of the data collected is used for scientific analysis. Fish data is used for operational monitoring; hydrographic data is not used for anything operationally (although it is quickly available to the public); zooplankton data is not used much operationally. There is no use of models in the monitoring program.

Mountain is involved in GLOBEC with Dan Lynch and endorses operationalization of the system developed. Target application would be monitoring of closed areas. Also, backtracking of drifting carcases (e.g., whales). GoMOOS: Mountain is on GoMOOS advisory board. GoMOOS is still under development and looking for further funding. There are currently 9 buoys with currents, temperature, salinity and chlorophyll, as well as surface met-data and wave height data; all run by Univ. of Maine and Bigelow Lab. The Univ. of Maine also runs an operational ocean model (POM) of the Gulf of Maine; it uses lateral boundary forcing from the NOAA/NCEP Coast Ocean Forecast System (COFS); no data assimilation at present. The main GoMOOS activity is apparently maintaining the web-site and data repository. The web-site is very good and could be a model for emulation for MONCOZE. Note that GoMOOS is very much user-oriented, with a board that includes both scientists and maritime users.

Areas of possible collaboration

Webb Research may be interested in exercising their gliders in Norwegian coastal waters, which are quite different from the U.S. east coast.

WHOI units are very much research oriented. Collaboration should be along scientific lines.

NMFS fisheries monitoring is similar to IMR's mandate, although fisheries is not the main focus of MONCOZE. Collaboration on better operational exploitation of routine ship observations is clearly an area of common interest.

Rutgers University (first visit) 

Host group

Name of group: Institute of Marine and Coastal Sciences, Coastal Ocean Observation Lab. (COOL)

Scott Glenn 

Josh Kohut 

Sage Lichtenwalner 

Oscar Schofield 

Ocean modeling group

Dale Haidvogel 

Hernan Arrango
John Wilkins

The COOL group is primarily involved in developing and maintaining the LEO 15 oceanographic observatory off the New Jersey coast. An extensive and innovative program of observations and modeling of the coastal zone has been pursued over the past 5 years.

URLs: http://
http:/" 

marine.rutgers.edu/cool/ 

http:/
/thecoolroom.org/

Agenda of visit

Mon. 22 April 2002:

9:00 - 10:30 Introductions and informal discussions 

10:30-12:00 Presentation of MONCOZE (Hackett/Svendsen) 

12:00-14:00 Lunch and presentation of COOL and LEO 15 (Glenn/Schofield) 

14:00-15:30 Presentation of Modelling/Assimilation (Arrango/Wilkin/Haidvogel) 

15:30-17:30 Discussions and plans for collaboration

20:00 Depart to Tuckerton

Tues. 23 April 2002:

8:30-12:30 Excursion to LEO-15 (Longterm Ecosystem Observatory at a 15 m depth), Rutgers Marine Field Station, including CODAR installations at Loveladies and Brant Beach. Guided by Kohut and Lichtenwalner.

14:00 Lunch and return to New Brunswick

Highlights of presentations/discussions


The COOL group is developing and maintaining a Marine Research Area, a 30 x 30 km patch of the New Jersey coastal zone. In this area an infrastructure for in-situ and remotely sensed observations has been implemented, based at the Rutgers Field Station. The system features:


• seabed instrument nodes that are cabled to the station for power and data transmission,

• sensors for the nodes, including fluorometer, oxygen, profiling CTD

• a variety of moored instruments

• several small vessels, suitable for coastal and shallow water work

• an autonomous underwater vehicle (REMUS)

• a long range CODAR transmitter and receiver

The Research Area is on the wide and shallow N.J. shelf; largest depth in the Area is about 30 m. (At 100 km offshore, the depth is about 100 m.) The shore is sand beaches, fronting extensive wetlands.

In July of the past 3 years, an integrated program of observations and models has been performed, including a range of additional instruments, on-site physical modeling, remotely sensed data and coordinated display of near-real time data. The availability of backbone observations and model forecasts has made this a popular experimental environment of marine scientists (up to 200 on site).

For the rest of the year, only selected observations are maintained at COOL: CODAR, satellite, cabled nodes.

CODAR is a major activity. So far, the COOL group has installed 7 CODAR sites (transmitter and receiver) at points along the N.J. coast. Primarily ONR funding. 4? of the systems are standard range (50 km, 1.5 km resolution) and 3? are long-range (170 km, 6 km resolution). Data from the individual installations are transmitted to Rutgers at hourly (standard range) and 3 hourly (long-range) intervals. Combination of the individual radial velocity data to yield total current vectors is performed at Rutgers and displayed on the web-server. Further CODAR acquisitions are planned in order to complete the coastal coverage from Long Island to Cape May.

COOL is also strongly involved in the development of autonomous gliders, produced by Web Research. Current plans involve test deployments of 4 gliders (coastal range), as well as development of self-aware control systems, viz. a fleet of intercommunicating gliders acting in concert to perform a given observational task.

Areas of possible collaboration
Rutgers participation with gliders in MONCOZE demos. This would be an opportunity to test gliders in a physical setting (the Norwegian Coastal Current) quite different from the N.J. coast. It would also demonstrate the feasibility of using gliders in such a setting.

Rutgers participation with HF radar software in MONCOZE demos. A CODAR system is expected to be installed in the fall of 2002 on the west coast of Norway. This could provide a rigorous test of Rutgers analysis methods in new waters. A test implementation of a mono-static system using an offshore oil platform is a possibility.

Rutgers modelers are interested in coupled physical-ecological modeling and indicated possible collaboration with IMR on the ecological component.

Exchange of oceanography students in demos. Rutgers is planning a graduate course in operational oceanography to train students in the practical aspects of ocean monitoring and forecasting. A key element in this course of study will be participation in monitoring programs/exercises in diverse coastal and shelf areas.

Actions agreed

Both parties endeavor to fund Rutgers participation in MONCOZE demos. Candidate funding sources: Office of Naval Research, Research Council of Norway.

Bruce Hackett and Einar Svendsen send ppt files to Glenn 

Rutgers ppt's are available on web site

VERIDIAN, Ann Arbor

Host group

Christopher Wackerman

David Lyzenga

Additional participants to the meeting included Fred Monaldo (John Hopkins University, Applied Physics Laboratory) and William Pichel (NOAA, Ocean Remote Sensing division).

Agenda of visit


Mon. 12 August 2002:

09:00 - 12:30 Discussion of need for Coastal Ocean SAR Observations 
12:30-13:30 Lunch

13:30-17:00 SAR data access and data exchange between US, Canada and Europe

Tues. 13 August 2002:

9:00-12:30 Outline of Strawman Plan for Coastal Ocean SAR Observations. 
12:30-13:30 Lunch

13:30-15:00 Definition of preparatory work 

15:00 Adjourn

After 10 years of research into estimation of coastal environmental information from spaceborne imaging SAR now is the time to demonstrate the operational capability of wide swath systems to monitor the coastal ocean environment. With the coming of simultaneous flight operations of three calibrated, spaceborne SARs (Envisat, Radarsat-2, Japanese ALOS starting from 2001), employing wide swath (-500 km) technology, multi-frequency and multi-polarization SAR application will be on the threshold of a new era, presenting novel and unique opportunities for the international marine coastal ocean user community. The tools (processing methods, algorithms) are in place and much of the research and applications are mature. If we do not successfully demonstrate operational capabilities within the next few years the opportunity to built a sustainable international user base in support of imaging SAR systems will be lost.

To achieve this goal we propose an international program: - to facilitate data access; to assemble a common set of estimation tools to derive coastal environmental products; - and to establish uniform system to post and access the products on the web. These tools will then be run operationally at different locations to demonstrate the timeliness and performance of the products to local users. We envision that the final set of tools will be drawn and integrated from a range of international partners, using the most robust approach for each product. The products (not exclusive) will include


· high resolution coastal wind field

· current fronts (location of fronts, gradient, shear-to-convergence ratio, river run-off)

· oil spill detection 

· ship detection 

· location and frequency of internal wave (IW) generation

· ocean model predictions (assimilation of SAR image in coastal process modeling; SWAN, POM, 

           HYCOM)

Actions agreed: Near term
• A dedicated SAR merging application workshop should be held in 2003 (at the earliest in May). One 

  outcome of the workshop is to provide a white paper on requirements for SAR imaging data and derived 

   products for coastal ocean monitoring.

•  Invite contribution from international partners and identify final set of tools for SAR processing and retrieval

    algorithms. Indentify key sites in 2003 for operational demonstration.

•  Combined tool running operationally in 2004-2005 for selected coastal regions of Norway (MONCOZE 

   region along the southwest coast) and US site (tbd) with satisfactory SAR imaging coverage and data access.

The first action point will be taken jointly by Christopher Wackerman and Johnny A. Johannessen. The draft agenda, workshop dates and location and key invited participants must be ready by November 2002.

Rutgers University (second visit)

Host group

Name of group: Institute of Marine and Coastal Sciences, Coastal Ocean Observation Lab. (COOL)

Scott Glenn 

Josh Kohut 

Oscar Schofield 

Ocean modeling group: 

John Wilkins

Additional participants in the meeting included Don Barrick and Laura Pedersen from CODAR Ocean Sensors, Los Altos, California, US and Harvey Seim, Marine Sciences Department, University of Carolina, Chapel Hill, US

Agenda of visit

Wed. 14 August 2002:

8:30 - 10:30 Drive from New Brunswick to Long Beach Codar sites

10:30-12:00 Visit to two CODAR installation sites and demonstration of real time functionality control and monitoring of data collections.

12:00-13:00 Lunch

14:00-18:30 Antenna pattern characterization at Rutgers Marine Field Station 18:30 Depart to Tuckerton.

Thurs. 15 August 2002:

9:30-10:30 Summary of day 1 and discussion of future collaborations. 10:30-12:30 Considerations of future collaboration

14:00 Lunch

The aim of this visit, which built on the first visit by Bruce Hackett and Einar Svendsen was to take part in the antenna pattern characterization of the long range antenna mounted at the Rutgers Marine Field Station, and to start defining areas within coastal ocean monitoring and prediction where there are mutual interests between Rutgers and NERSC, IMR and Met.no to go into further collaborations.

HF-radar

One CODAR - SeaSonde system (three antennas, 12 MHz frequency, medium (50 km) range) is currently under installation in Norway with support from the oil companies (Norske Hydro and Statoil). The participation in the antenna pattern characterization was very useful as this is needed there too. The installation site at the west coast of Norway aims to extend the product provided by a operational Vessel Traffic Service center to include the surface current field. This product is of important value to the supertankers that traffic to and from the oil and gas refineries at Sture and Mongstad, some 50 km northwest of Bergen. The CODAR system will be operated by Met.no.

The current field will also be available in near real time for the MONCOZE project. As such it will be examined in the context of model validation as well as sampling coverage. The possibility to expand the coverage by installation of bi-static antennas was also addressed. This option seems very interesting for the west coast of Norway with the many platforms located in the western side of the Norwegian Trench some 100 km offshore.

In addition, another installation for the Skagerrak Sea was briefly mentioned by which the Nordic countries (Norway, Sweden, Denmark) should jointly finance the purchase, installation and operation of three CODAR antennas. By well defined location sites such a three antenna system will practically cover the entire Skagerrak Sea. The outline of this plan will be further developed by the MONCOZE partners in Norway. Simulated coverage for the Skagerrak Sea, based on the following site coordinates, would be valuable for further development.

• IMR, Flodeviken Norway (58 degrees, 6 minutes N and 8 degrees E)

• West coast of Sweden (58 degrees, 25 minutes N and 11 degrees 15 minutes E)

• Northeast coast of Denmark (57 degrees 40 minutes N and 10 degrees, 30 minutes E)

Return Visit

The idea of having colleges from Rutgers to make a return visit to the MONCOZE project in Norway in spring 2003 was addressed (see also below). This should ideally be done in time of the near real time demonstration of the physical component of the MONCOZE project. We will therefore aim to arrange a small workshop at that time covering topics of relevance for operational monitoring and forecasting. This visit may also include the possibility to test a glider during the real time experiment.

Operational Oceanography

Rutgers modelers are interested in coupled physical-ecological modeling and are interested to learn more about the scope of the MONCOZE project in this context.

It is clear that the development and implementation of coastal ocean monitoring and prediction system will demand a new class of education in operational oceanography. Rutgers is planning a graduate course in operational oceanography to train students in the practical aspects of ocean monitoring and forecasting. A key element in this course will be participation in monitoring programs/exercises in diverse coastal and shelf areas. 

We will therefore look into the possibility for an exchange program where the students could spend time at different places including Norway during MONCOZE operational phases in 2003 and 2004.

Final Comments and View by, Rutgers University Institute of Marine and Coastal Sciences, Coastal Ocean Observation_ Lab. (COOL-):

The goals of the MONCOZE project, introduced to Rutgers University during recent visits with Bruce Hackett, Einar Svendsen, and Johnny Johannessen, closely complement the goals of the New Jersey Shelf Observing System (NJSOS). NJSOS is a regional observatory that focuses on the coastal waters off New Jersey out to the shelf break, about 200 km offshore. We have chosen three sustainable technologies, satellites, HF radar, and underwater gliders, to continuously sample the region. The data from these systems complement each other and provide valuable information about the ocean to many users, both scientific and operational.

The meetings reported above have opened up future collaborations between our groups here at Rutgers University and those involved in the MONCOZE project. We look forward to the opportunity to learn more about the project and participate in future demonstration studies. Plans are already in place for us to come to Norway in the spring of 2003 to learn more about the MONCOZE project and see the coastal sites first hand. Through these collaborations both groups will share their experiences and issues encountered during the development of the coastal observatories.

In addition to NJSOS, Rutgers University is developing an operational oceanographic curriculum. This program will provide students with the knowledge and experience necessary to maintain the instrumentation of an operational ocean observatory. During these meetings we have learned that discussion for developing a similar program is underway in Norway. It is thus very timely to exchange ideas and plans so that the programs will be compatible. This would facilitate future student exchange and provide students with the opportunity to apply their skills in different regions of the world.

At the conclusion of the meetings we set several tasks to begin collaboration between the two groups:

· Explore funding for Rutgers University to participate in MONCOZE demonstrations in spring 

      2003 and/or 2004.

· Maintain open communication during operational oceanography curriculum development.

· Comparison of numerical ocean model tools

