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GOALS AND OBJECTIVES

The primary objective of the symposium was to bring together representatives of government agencies, private companies and universities that are either delivering, pursuing or otherwise interested in operational oceanography programmes, to discuss the subject of operational oceanography from a remote sensing Earth observation perspective.  The symposium also set out to address the transition of science to operational applications.  

Rather than focusing on the remote sensing technologies, the focus of the symposium was on applications, how they are merged and integrated into existing operations, and what incremental benefit they bring to such operations. 

Three sessions were held to address issues on:

- Sea Ice Information - Emerging Technologies and Services
- Ocean Models for Defence-Related Initiatives
- Emerging Sensors and Programs

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS

OCEAN MODELS FOR DEFENCE-RELATED INITIATIVES  MARCH 5, 2002

Advances in remote sensing, assimilation techniques and computation have led to significant defence applications for ocean modelling. Over the past decade, new military concepts such as Rapid Environmental Assessment (REA) and Battlespace METOC (meteorology and oceanography) have evolved in response to the shift of emphasis of naval warfare from the open ocean to littoral areas.  The capabilities of ocean modelling and remote sensing have kept up with the extra demands of assessment and forecasting the energetic waters of coastal zones and now are indispensable tools in modern naval operations.

The Ocean Models for Defence-Related Initiatives session brought together researchers from the many facets of defence-related ocean modelling and ocean remote sensing. The session was chaired by Dan Hutt of Defence Research Establishment Atlantic, Canada and Richard Olsen of the Norwegian Defence Establishment. The focus of the session was on naval requirements for accurate nowcasts and forecasts of ocean conditions through the use of operational oceanography at regional, meso and global scales. Several case studies and military exercises highlighted novel systems and models for combining data from multiple sources as a means of providing accurate and detailed information about ocean conditions relevant to defence.
There were 13 oral and five poster presentations at the session representing research from Canada, France, Germany, Netherlands, Norway, United States and United Kingdom. A review of the presentations yielded the following major activities, achievements and conclusions:

· Prediction of the vertical water temperature profile is the most important product of many defence ocean models because sonar performance depends on underwater acoustic propagation conditions which are controlled by the vertical structure of the water column.

· As the range of sonar sensors increases through the use of lower frequencies, and as regions of interest move toward coastal areas, ocean models are required with much finer spatial and temporal resolutions than was necessary for the open ocean.

· Modelling of biomass, productivity and nutrients is also relevant to navy operations both for predicting the performance of optical systems and for environmental awareness. 

· Ocean models are now sophisticated enough to nowcast and forecast the features of operational interest, and represent a major improvement on climatological data, which is still in wide-spread operational use. Some meso and global-scale models converge to climatology at depth. For example the French SOAP model has a 1-D mixed layer model for the upper layer which merges with climatology at depth.

· Ocean-observing satellite sensors are required to keep model predictions “on track”.  Using this technology however, it is now possible to show that models not only have realistic energy and flow levels – they also provide the main dynamic features at the right place and time. This point was made by keynote speaker W. Jobst, Director, Oceanography Division, NRL, Stennis.

· Satellite altimetry probably has the highest information content of all remotely sensed ocean parameters available for assimilation into deep-water ocean models.  However in coastal areas, altimeter signals are dominated by tidal fluctuations and therefore do not provide as high quality data as in open ocean.

· The quality of forecasts with world-wide coverage is still limited by available computer power.  Jobst cited a global ocean model at 1/32 degree spatial resolution and approximately 40 vertical layers as the “Grand Challenge” of computational ocean modelling. It is hoped that this goal will be obtained within the next decade. But higher resolution nested models will still be required for coastal waters.

· Much work is required to improve techniques to assimilate remotely sensed data into ocean models in such a way as to maximize extraction of the information content of the satellite observations while minimizing the required computational resources.

· Valuable ocean assessment can be accomplished without the aid of sophisticated models. N. Stapelton (QinetiQ, UK) and H. Greidanus (TNO, NL) reported on progress in direct interpretation of satellite observations for retrieval of water acoustic parameters. Ocean features such as fronts, eddies and internal waves which are visible in various types of satellite imagery can be interpreted in the context of local climatology to provide estimates of the sound speed profile. Examples were shown for the Arabian Sea.

· The question of how much detail/accuracy is needed to meet operational requirements for sonar performance prediction was raised by J. Osler (DREA, Canada) and J. Sellschopp (FWG, Germany). Both concluded that climatology is often adequate at depth if used with accurate models and remote sensing for the upper layer.

· Products are emerging that are geared towards the end user, i.e. the war fighter, providing specific guidance related to use of sensors and weapons.  Such products need to be highly refined and specialized towards the target user.  They are often harder to verify than generic products such as temperature or sound speed maps, so more effort is required in this direction.

· Most of the defence ocean modelling initiatives presented are being developed in a very public and open manner, not always associated with defence research. European and American agencies provide a tremendous amount of value-added remote sensing products and ocean model output on the Internet. This approach fosters scientific exchange as well as promoting the value of the programs to the public.

There was a consensus among participants that the Ocean Models for Defence-Related Initiatives session was a valuable opportunity for researcher in different ocean modelling programs to meet and for scientists in remote sensing, defence and oceanography to exchange ideas. 

Defence-related operational oceanography models/programs presented at session:

· NLOM (Navy Layered Ocean Model), US, Naval Research Laboratory

· HYCOM (Hybrid Coordinate Ocean Model)  US, NRL, Los Alamos Nat. Laboratory, U. Miami

· NCOM (Navy Coastal Ocean Model), US, Naval Research Laboratory

· MODAS (Modular Ocean Data Assimilation System), US,  NRL, NAVOCEANO
· SOAP (Sytème Opérationnel d'Analyse et de Prévision), France, Service Hydrographique et Océanographique de la Marine

· MERCATOR, France, group of six French agencies

· FOAM  (Forecasting Ocean Assimilation Model), UK, UK Met Office

SEA ICE INFORMATION MARCH 6, 2002

The sea ice information session featured the integration of currently available information and identified service gaps for operations in sea ice. An emphasis was placed on future products and services. The session was composed of seven papers discussing new data sources, ice models and data assimilation, and new systems for the display of integrated ice, weather and oceanographic information.   The papers were followed by a lively discussion session

The key result from the session was the recognition of ice models and data assimilation as an important direction for future ice services.  This will involve a significant shift from today’s labour-intensive, observation-based operations to a model-based approach for ice nowcasts and forecasts.  This shift will require systematic and quantitative exploitation of future data sources, and assimilation schemes to usefully assist the ice models.  The presentations specifically mentioned scatterometry, advanced passive microwave radiometry, and altimetry as candidate data sources.  Current ice model and data assimilation activities were reviewed with the conclusion that significant work remains in this area.   A commitment to organize a future workshop on this topic was made.  Getting useful ice information in the hands of end-users was the focus of the presentations on data displays.  Integration of different types of data (e.g. ice, ocean, weather, navigation charts) on a common display was the theme, including the current status of including ice objects in ECDIS navigation charts.
EMERGING SENSORS AND PROGRAMS MARCH 7, 2002

The emerging sensors and programs session saw a focus on developing space-based Earth observation sensors and programs, and their relevance to operational oceanography. This unique session provided opportunity for European and North American space, oceanographic and meteorological agencies to interact with the marine community. Future plans were outlined to obtain feedback from existing and future users of space-based technologies.

The key result was the agreement that the future of operational oceanography requires creating dedicated partnerships among satellite providers, the modeling community, conventional oceanographers, and end users. Presentations discussed future prospects for operational HF radar measurement systems, which are becoming the backbone of coastal ocean observing systems. 

A presentation was made on the possibility of using geosynchronous hyperspectral imagery for chemical tracing capability and identification of contaminated ground. This is in addition to expected improvement of numerical prediction capability, regional convective weather forecasting ability, determination of atmospheric refractive index critical to radio communications and radar propagation as well as the detection of ocean circulation and sea state conditions. 
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SPONSOR INFORMATION

List of all conference sponsors.

	Agency
	Country

	Norwegian Defence Research Establishment
	Norway 

	European Space Agency
	Italy

	US National Ice Centre
	USA

	National Oceanic and Atmospheric Administration
	USA

	NASA
	USA

	Canadian Ice Service
	Canada

	Canadian Space Agency
	Canada
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	Canada
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PROCEEDINGS

Proceedings will be compiled and published in the spring issue of Backscatter magazine in May 2002. A copy of this publication will be sent at that time. Please contact Angela Blenkhorne, Administrator, AMRS Association should information be required before publication.

SCIENTIFIC PROGRAM

Please see attached electronic copy of the final agenda with list of lectures, titles, authors, and poster/exhibition sessions.

COUNTRIES REPRESENTED AND NUMBER OF PARTICIPANTS

List of countries participating.

	Country (total)
	Number of Participants (total)

	Brazil
	2

	Canada
	20

	China
	1

	Denmark
	1

	Finland
	1

	France
	4

	Germany
	7

	India
	2

	Ireland
	1

	Israel
	1

	Italy
	5

	Korea
	1

	Netherlands
	8

	Norway
	9

	United Kingdom
	56

	USA
	43

	Sweden
	1


LIST OF PARTICIPANTS AND CONTACT INFORMATION

Please see attached electric copy of conference participants, and any available contact information (as available: institution / agency, address, phone, fax, e-mail).

