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ABSTRACT

Coastal nations worldwide are experiencing changes in their coastal marine and estuarine systems that jeopardize sustainable development, human health and safety, and the capacity of marine ecosystems to support products and services valued by society.  Because these changes and their causes frequently transcend national borders, concerns over their impacts have led to numerous international agreements that require sustained, timely, routine and reliable assessments of the condition of coastal marine and estuarine systems and predictions of the effects of natural hazards, climate change and human activities on them. The Global Ocean Observing System (GOOS) is being implemented to provide the required data and information in a routine and continuous manor. Implementation of the coastal module of the Global Ocean Observing System (GOOS) will provide data and information required to achieve these objectives.
To these ends, the IOC-WMO-UNEP Coastal Ocean Observation Panel completed An Implementation Strategy for the Coastal Module of GOOS that presents recommendations for the phased development of a Global Coastal Network (GCN) through the establishment and networking of GOOS Regional Alliances (GRAs) that are governance bodies for GOOS activities extending throughout a nation or group of nations. The Implementation Strategy presents over 50 recommendations for phased development of the coastal module in seven related areas: (1) implementing mechanisms, (2) measurements, (3) data communications and management, (4) analysis and modeling, (5) capacity building, (6) pilot projects, and (7) system performance.  This presentation summarizes recommended high priority actions for implementing the GCN, pilot projects critical to establishing the GCN, and recent actions taken by the WMO-IOC Joint Technical Commisssion for Oceanography and Marine Meteorology and the Group on Earth Observations to begin the process of implementation.  The full implementation strategy can be found at the following URL:

<http://ioc.unesco.org/goos/docs/GOOS-148-COOP-lowres.pdf>

1. INTRODUCTION

The 1992 UN Conference on Environment and Development (UNCED) called for improved and sustained Earth observations to help achieve the goals of conventions and action plans agreed to at the conference (including the Framework Convention on Climate Change, Convention on Biodiversity, and the Program of Action for Sustainable Development or Agenda 21).
 Subsequent to this watershed event, the Integrated Global Observing Strategy (IGOS) was created to link research, long-term monitoring and operational programs (both in situ and space-based) and users, to determine observation gaps and to identify resources needed to fill these gaps.
 A major goal of the IGOS is coordinated, international implementation of the global ocean (Global Ocean Observing System [GOOS])
,
,
, climate (Global Climate Observing System [GCOS])
, and terrestrial (Global Terrestrial Observing System [GTOS])
 observing systems.
In 2002, the World Summit on Sustainable Development highlighted the urgent need for integrated observations to routinely and repeatedly assess the state of the Earth.
 Soon thereafter, over thirty countries signed a declaration at the First Earth Observation Summit (2003)
 affirming their support for the following: (1) establishment of a comprehensive, coordinated, and sustained Global Earth Observing System of Systems (GEOSS); (2) coordinated capacity-building to enable all countries to benefit from and contribute to Earth observing systems; (3) full and open exchange of observations recorded from in situ remote sensing platforms with minimum time delay and minimum cost (recognizing relevant international instruments and national policies and legislation); and (4) preparation of a 10-year Implementation Plan, building on existing systems and initiatives. Since the First Earth Observation Summit, summits have been held in 2004 and 2005; the Group on Earth Observations (GEO) was created with 62 countries and 43 international organizations signing on; the 10-Year Implementation Plan for GEOSS was completed and endorsed; and the GEO has affirmed its intention to provide the support necessary to execute the Implementation Plan.
 GOOS is the oceanic and coastal ocean component of the GEOSS.

GOOS is being established to provide data and information needed to achieve six related societal goals: (1) improve predictions of weather and climate variability and change; (2) improve the safety and efficiency of marine operations; (3) mitigate the effects of natural hazards more effectively; (4) reduce public health risks; (5) protect and restore healthy ecosystems more effectively; and (6) sustain and restore living marine resources. Achieving these goals depends on the capacity to rapidly detect and provide timely predictions of a broad spectrum of coastal phenomena of interest (Table 1).  

Table 1 Examples of the drivers of change (forcings) and associated phenomena of interest that are the subject of GOOS.
	  "Natural"

Anthropogenic
	                FORCINGS OF INTEREST

· Global warming, sea level rise

· Natural hazards (extreme weather, tsunamis, coastal   flooding)

· Changing current and wave fields

· River & groundwater discharges, sediment inputs

· Alteration of hydrological & nutrient cycles

· Inputs of chemical contaminants & human pathogens

· Harvesting natural resources (living & nonliving)

· Physical alterations of the environment

· Introductions of non-native species



	Climate & weather

Marine operations

Natural hazards

Public health

Healthy Ecosystems

Living marine 
resources
	               PHENOMENA OF INTEREST

· Variations in water temperature and heat content; surface fluxes of momentum, heat 

and fresh water; sources & sinks of heat & carbon; sea ice mass & distribution

· Variations in water level, bathymetry, surface winds, currents & waves; sea ice mass & distribution; susceptibility to natural hazards 

· Coastal flooding & storm surge; coastal erosion; susceptibility to natural hazards; 

public safety & property loss

· Risk of exposure to human pathogens, chemical contaminants, and biotoxins 

(contact with water & aerosols, seafood consumption)

· Habitat modification, loss of biodiversity, cultural eutrophication, harmful algal

events, invasive species, chemical contamination, diseases in & mass mortalities

of marine organisms

· Fluctuations in spawning stock size, recruitment & natural mortality; changes in
areal extent & condition of essential habitat; food availability; aquaculture production & water quality 




2. GOOS MODULES AND STATUS OF IMPLEMENTATION

GOOS consists of two interdependent and convergent modules – one for the global ocean and one for coastal marine and estuarine systems (Figure 1). The global module of GOOS is primarily concerned with monitoring and predicting maritime weather and global climate variability and change.  In contrast, the mandate for the coastal module is broader and more complex in that it is to provide data and information needed to assess and predict the effects of global climate change, natural hazards and human activities on human health risks, ecosystem health, and living marine resources (Table 1). Improving the safety and efficiency of maritime operations are addressed by both modules.  
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Figure 1. GOOS is a multiscale system consisting of global and coastal modules. The coastal module consists of a Global Coastal Network (GCN) with Regional Coastal Ocean Observing Systems nested in it.

Rapid detection and timely assessment and prediction of state changes relevant to the six societal goals also depend on establishing a sustained observing system that efficiently links measurements and modeling via integrated data communication and management to provide data and information in forms and at rates required by decision makers.  Linking user needs to measurements requires an efficient and managed flow of data and information among three essential “subsystems” (Figure 2). Together, the subsystems constitute an “end-to-end” system that provides data and information for informed decisions on time scales required to achieve desired affects.
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Figure 2. GOOS is an “end-to-end” system that efficiently and continuously links (1) observations and data telemetry to provide the required quality controlled data streams, (2) data management and communication for rapid access to diverse data from many sources, and (3) data analysis and modeling to provide data, products and services in forms and at rates specified by decision makers that use, depend on, manage or study marine and estuarine environments and resources. 

Although there is much to be done, substantial progress has been made in the design and implementation of the open ocean module (Koblinsky and Smith, 2001; Ocean.US, 2006). In contrast, although a high priority of the international community, the design and implementation plans for the coastal module have only recently been completed (IOC, 2003, 2005) and development of the coastal module has been slow. This is a consequence of three major factors. First, while the open ocean module is focused on the role of the oceans in the Earth’s climate system, the coastal module has multiple purposes with data and information needs that vary substantially from one region of the globe to another.  Second, while the open ocean module is being implemented by a relatively small number of wealthy nations, implementation of the coastal module on a global scale requires coordination and collaboration among a large number of coastal nations that have a wide range of capabilities and capacity building needs. Third, operational capabilities for the physical oceanographic and marine meteorological observations needed to achieve the goals of the global module are more advanced than for the biological, chemical and geological observations needed to achieve many of the goals of the coastal module.  These factors resonate to create significant challenges to implementing the coastal module including the following: 

· Integrating and enhancing observing system capabilities to detect, assess and predict multidisciplinary state changes across the broad spectrum of physical variability and ecological complexity that characterize coastal systems from open coastal waters to semi-enclosed waters such as estuaries, sounds and fjords;

· Tailoring the observing system to meet regional and national needs for data and information on oceans and coasts;

· Overcoming social, political and technical barriers to reach international agreements on policies and procedures for timely data exchange among countries on the states of their respective coastal zone;

· Coordinating national and regional development to ensure a global system that meets national needs and is interoperable; and

· Building capacity to enable all nations to contribute to and benefit from GOOS.

These challenges must be overcome during the next 10 to 20 years if the coastal module is to become a reality on a global scale. In preparing the Implementation Strategy for the Coastal Module of GOOS, the Coastal Ocean Observations Panel recognized these challenges and recommends procedures for addressing them (IOC, 2005).

3. IMPLEMENTING THE COASTAL MODULE

3.1 Integrated Design

Key design considerations for the coastal module include the following:

· Although each of the six societal goals (Table 1) has unique requirements, they have many common requirements for observations, data management, and modeling;

· Phenomena of interest are often local expressions of larger scale changes in the ocean basins and coastal drainage basins;

· Data and information must be delivered in forms and at rates required by decision makers for each of the six societal goals;

· The system must be multidisciplinary to provide data and information needed to address all six societal goals;

· The need for internationally accepted standards and protocols for measurements, data telemetry, data management, and modeling;

· Priorities, requirements, and capabilities for observations and data analysis vary among countries and regions;

· Many of the elements needed to build an integrated observing system are in place;

· Operational capabilities for the goals of climate, marine operations, and natural hazards are more advanced than those for ecosystem-based management of public health risks, water quality, and living marine resources; and

· The GCN will be implemented by many nations and regional bodies. 

As a step toward addressing these considerations, the Integrated Strategic Design Plan for the Coastal Module of GOOS (IOC, 2003) calls for the implementation of regional coastal ocean observing systems (RCOOSs) and the networking of these systems globally to form a GCN (Figure 1). The GCN (1) measures, manages, and analyzes common variables needed by all or most coastal nations and regions (Table 2); (2) establishes a sparse network of sentinel and reference stations for early detection of the effects of land-based inputs (e.g., freshwater, sediments, dust, and nutrients) and of ocean-basin scale variability and change (e.g., El Niño-Southern Oscillation, sea level rise); (3) uses internationally accepted standards and protocols for measurements, data telemetry, data management, and modeling; and (4) links basin scales to ecosystem scales of variability and change.

Table 2. Provisional common variables recommended by the COOP to be measured and managed as part of the Global Coastal Network (GCN).

	Geophysical
	Water level and bathymetry

	
	Shoreline position

	
	Temperature and salinity

	
	Currents and surface waves

	
	Sediment grain size

	Chemical
	Sediment organic content

	
	Dissolved inorganic nitrogen, phosphorus and silicon

	
	Dissolved oxygen and carbon dioxide

	Biological
	Phytoplankton biomass (Chlorophyll-a)

	
	Benthic biomass

	
	Fecal indicators

	Biophysical
	Attenuation of solar radiation


RCOOSs are designed, implemented, operated, and improved by GOOS Regional Alliances (GRAs) and national GOOS programs to meet the data and information needs of decision makers in their respective regions and nations. As a group, GRAs oversee the development of a GCN that meets their collective needs. Within their respective regions, GRAs (1) contribute to building the GCN and (2) enhance the GCN to meet the needs of their user groups. Enhancements include increasing the time-space resolution of observations, increasing the number of variables measured, and developing data management and modeling capabilities that are tuned to regional and local needs. Engaging user groups from both private and public sectors and establishing partnerships with existing regional programs (e.g., Large Marine Ecosystem programs, Regional Seas Conventions, Regional Fishery bodies) are critical to successful development of GRAs. 

GRAs are being established globally to design and implement RCOOSs (Figure 3). However, their development is not coordinated, observing system assets and capabilities are highly variable among regions, and implementation of a GCN that meets the collective needs of GRAs has yet to begin. Although elements of the GCN are in place, they are not linked or integrated. Observational elements that are to be linked to form an integrated system for measuring and transmitting data on the common variables include (1) coastal networks for near shore observations (e.g., Antares
, the global network of coastal tide gauges [GLOSS]
); (2) fixed platforms, moorings, drifters, and underwater vehicles for in situ measurements; (3) research and survey vessels, volunteer observing ships for in situ measurements and remote sensing; and (4) airborne, space-based and land-based platforms for remote sensing.
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Figure 3. GOOS Regional Alliances (GRAs) have been established to design and implement Regional Coastal Ocean Observing Systems as well as the Global Coastal Network (GCN).
3.2 An Implementation Strategy for the Coastal Module

The implementation strategy for coastal GOOS focuses on processes that should be implemented for (1) specifying, reviewing, and updating requirements for the GCN, (2) carrying out priority pilot projects that function as both “proof of concept” and “seeds” for system development, (3) building capacity, and (4) coordinating the development of RCOOSs (IOC, 2005). The strategy presents recommendations for implementing these in six related areas:

· The measurement subsystem of the GCN (regional development, establishing the global coastal network, and data telemetry),

· The data management subsystem (general requirements and design; establishing common standards and protocols; national, regional and global data organizations; and challenges, current capabilities, and plans for improvement),

· The modeling and analysis subsystem (community-based modeling, developing and improving regional modeling capabilities),

· Developing and improving capacity (capacity building in the developing world, improving operational capabilities of the coastal module through research),

· Developing the coastal module through pilot projects (proof of concept, building capacity, improving operational capabilities), and

· Performance evaluation (indicators of performance, phased implementation of performance evaluations, immediate actions needed to evaluate the performance of subsystems).

The strategy articulates over 50 recommendations, all of which cannot be addressed here in any detail. Rather, we highlight a few recommendations considered by COOP to be critical to global development of the coastal module.

3.2.1 Observing Subsystem Requirements

Observing requirements for the common variables (Table 2) have been specified for all variables except benthic biomass, sediments, and fecal indicators (Table 3). Next steps are to (1) determine optimal locations for stations and transects that will provide early warnings of the effects of basin scale events and land-based sources on coastal systems; (2) identify and adopt (or specify and adopt if needed) existing standards and protocols for in situ measurements; (3) periodically review the quality and utility of coastal satellite products in light of remote sensing requirements recommended and updated by the IGOS Coastal Theme Team; and (4) periodically review and update the recommended set of common variables and associated observing requirements.

Table 3. Coastal observing requirements from the IGOS Coastal Theme Report
 (desired and minimum requirements for horizontal resolution [Hor. Res], measurement frequency [Obs. Cycle], acceptable time lag between sample collection and reporting [Avail], and accuracy).
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3.2.2 Data Management and Communications

A coherent strategy for integrating marine data streams across disciplines, institutions, time scales, and spatial scales is critical to the successful establishment of the coastal module. The Data Management Subsystem  (DMS) of GOOS is the primary integrating tool. Its development is within the scope of current information technology; it can be developed by building on existing capabilities through relatively straightforward software engineering; and a road map for doing so has been completed.
 The Data Management Subsystem (DMS) will be a distributed, web-based system that provides rapid access to diverse data from many sources. As a first step and building on existing capabilities of the International Oceanographic Data and Information Exchange (IODE) network
 and the data management program of the Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM)
, establish nested networks on national, regional, and global scales for managing non-geophysical variables that employ common metadata standards, enable data discovery and access, develop web services, and establish archives. The greatest single challenge to establishing an integrated DMS is social—namely, coordination and cooperation among members of the GOOS network and user communities.

3.2.3 Modeling

Development of operational modeling capabilities is critical to establishing a user-driven system in which data requirements for models drive the development of the data management and observational subsystems. Key to achieving this operational objective and improving operational capabilities is the establishment of community modeling networks (CMNs) that bring together experts from both research and operational groups to develop ensemble model prediction capabilities as decision support tools for each of the six societal goals (IOC, 2003, 2005). CMNs will develop free, robust community software that is (1) readily available via the World Wide Web; (2) documented with version control and quality assurance; and (3) maintained and upgraded by permanent teams of professional software developers. More specifically, CMNs are needed to achieve the following objectives:   

· Engage user groups to define data and information needs (products and services, decision support tools);

· Develop and update inventories of modeling capabilities and activities that satisfy these data and information needs;  

· Provide the basis for selecting, building and improving models by establishing and maintaining an up-to-date inventory of proven models (organized by application and type) and make documented codes of these models available on the World Wide Web;

· Ensure full utilization of monitoring data and exploit the best existing operational models, and build new model capabilities as needed;

· Develop and make available community software that includes schemes for (1) data assimilation, (2) optimizing sample design, (3) visualizing outputs of models and data analysis activities, and (4) coupling models (e.g., physical and ecosystem models);

· Help guide the development of in situ and remote sensing by providing a common voice for specifying model requirements for data (from in situ and remote sensing) and for offshore boundary conditions from deep ocean models, atmospheric forcing fields, and quantifying terrestrial inputs;

· Recommend measures of model skill and operational status, and define generally accepted standard measures of model performance and user satisfaction (i.e. internal and external metrics);

· Share computer resources and modeling expertise and development of community software (models, and assimilation, visualization and coupling code) thereby avoiding duplication of effort; and

· Accelerate development of modeling and analysis capabilities of GRAs (through, for example, exchange of personnel, training courses and workshops).

CMNs should collaborate with GRAs to formulate guidelines for developing operational modeling capabilities, promote the establishment of common standards, define performance metrics, and encourage research and pilot projects for model development. Procedures and mechanisms for establishing CMNs and facilitating their work are needed.

3.3 Developing the Coastal Module through Pilot Projects

Current operational capabilities are most advanced for those goals that require meteorological and physical oceanographic data (safe and efficient marine operations, forecasting extreme weather and associated phenomena such as storm surge flooding) and least advanced for those goals that require chemical, biological ,and geological data. Operational services requiring marine meteorological and physical oceanographic data already exist for coastal regions in Europe, USA, Japan, South East Asia, Australia, and in offshore oil and gas sectors globally. Developing a coastal module of GOOS that provides data and information needed to achieve all six societal goals will require research and efficient use of new technologies and knowledge to improve operational capabilities of the coastal module. Pilot projects conducted on local to regional scales to test research capabilities for operational use are critical to this process. Thus, the COOP implementation strategy recommends a set of high priority pilot projects that will build capacity by improving operational capabilities and by enabling more countries to participate in and benefit from GOOS.  

Sustained implementation of the coastal module depends on demonstrating the benefits of integration in terms of the cost-effective production of new or improved products (proof of concept). Achieving this objective requires prioritized, phased integration of observing subsystem elements that will lead to early successes. High priority pilot projects should (1) address problems that have major socio-economic consequences for most if not all GOOS regions; (2) result in new or improved products and/or services through integration within 2 to 3 years; and (3) provide data and information needed to address two or more of the seven societal goals of IOOS.  Two coastal GOOS pilot projects that meet these criteria are highlighted in the next sections.

3.3.1 Predicting and Mitigating the Impacts of Coastal Inundation 

Coastal inundation caused by tropical storms, extra-tropical storms, and tsunamis impact coastal populations (living conditions and public health) and economies, coastal ecosystems, and the capacity of coastal ecosystems to buffer impacts and support living.  Many of the observing subsystem elements for forecasting and mitigating the impacts of coastal inundation are operational, but the focus of this pilot project is on improving the skill of data assimilating models as decision support tools.  The first step is to establish a CMN for coastal inundation modeling (flooding due to tropical storms, tsunami, and extra-tropical storms) as the means to (1) foster communications among users and providers of storm surge information, and (2) develop the next generation of coastal inundation models for improved forecasts of coastal flooding and more effective management and mitigation of impacts on coastal communities, ecosystems and resources. 
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Figure 4. Schematic for systems of atmosphere-ocean-coastal-drainage basin coupled models for surge forecasts where forecasts include both the run up (spatial and temporal extent of flooding) and impact of the subsequent runoff on coastal circulation and exchange. Such systems of coupled meteorological-wave-hydrodynamic-hydrological models must also be developed and expanded to include impacts of subsequent runoff events on coastal water quality (e.g., salinity, sediment and nutrient transports, phytoplankton blooms, oxygen depletion) and living marine resources (e.g., distribution and abundance of fish species, extent and condition of coral and oyster reefs).
Existing prediction capabilities for estimating the time-space extent of coastal flooding (Figure 4) need to be improved in terms of both timeliness (at least 48 hours before flooding begins) and accuracy (surge height to ± 0.3 m).  Areas for improvement within modeling and observations include the following:

Modeling

· Boundary conditions for near-shore and bay models;
· Coupling weather, hydrodynamic, tidal, wave, and hydrological models with near real-time assimilation of data on tides, waves, rainfall, and river flows to improve storm surge forecasts (Figure 4);
· Inclusion of tides, waves, rainfall, and river flows as inputs to coupled models (data assimilation) to improve storm surge forecasts;

· Development of capabilities for producing ensemble modeling results;

· Develop surge models for extra-tropical storms; and

· More accurate and periodically updated GIS maps of susceptibility and GIS-based predictions of impacts of storm surge flooding on coastal communities and habitats.

Observations

· Increase the density of measurements (water level, sea surface temperature, winds, and barometric pressure over the  sea surface, rainfall and river flows);

· More frequent and accurate surveys of bathymetry-topography across the land-sea interface; and

· More frequent surveys of the condition and spatial extent of coastal habitats (e.g., coral reefs, seagrass beds, mangrove forests, tidal marshes, beaches, and sand dunes)

3.3.2 Develop Coastal Ocean Color Products

Sea surface chlorophyll-a, temperature, and suspended sediments, and the attenuation coefficient of sunlight for the upper water column have has been identified by the COOP as among the most important properties (“common” variables) that should be measured by the GCN (Table 2). Remote sensing using visible spectral radiometry (ocean color) provides the only tool for obtaining spatially synoptic, simultaneous observations of these variables at or near the sea surface on regional to global scales. However, the optical complexity of most coastal waters and problems in removing the effects of land and the atmosphere from the signal detected from space lead to substantial uncertainties in estimates of these properties in many coastal marine and estuarine ecosystems. For delivery of quality controlled ocean color data-products for coastal waters on global scales networks of coastal stations are needed to calibrate sensors and validate algorithms for comparable estimates of surface fields of chlorophyll a, colored dissolved organic matter, turbidity, and water clarity from different regions.

In addition to observing important common variables from space, the pilot project proposed below will establish regional networks for implementing the oceans and coasts components of GEOSS. In this regard, it should be noted that both GEO
 and the COOP (IOC, 2003) emphasize the importance of establishing regional networks as implementing mechanisms of the GEOSS and coastal GOOS, respectively. The proposed pilot addresses both.
The proposed pilot project will enable an existing coastal network of laboratories (Antares in South America11), establish new regional networks, and link them for (1) calibrating and validating algorithms used to calculate surface chlorophyll concentration from space-based remote sensing of visible spectral radiometry (ocean color) and for  (2) comparative analysis of variations in phytoplankton biomass in contrasting coastal ecosystems. Standard procedures for developing, evaluating and improving ocean color algorithms for translating ocean color into useful products will be established and adopted. The goal is to make operational sustained ocean color observations and products (e.g., GIS layers for surface chlorophyll, temperature and suspended sediment fields) in the coastal ocean globally.

The following regional networks are proposed: Indian Ocean, SE Asia and China, South America (Antares), N. Atlantic, and Benguela Current (including the Benguela LME program). The linked networks will use common equipment and methodologies and collaborate to exchange information on best practices, adopt common standards and protocols, and promote sharing of existing infrastructure. Each network will have two technical components, one for satellite data and the other for related in situ time series observations to provide regional calibrations for the satellite data and to extend the observations to other variables not directly observable through satellites. 

Regional expert centers will be identified for data retrieval, near real time data distribution, and processing.  Centers with sufficient expertise already exist in each region (Figure 5), although the technical capacity of some regions will require strengthening. Satellite receiving stations will provide live data streams to the regional processing centers. The regional processing centers will then provide near-real time data products to regional partners and regional partners will in turn provide in situ validation measurements to the processing centers. The footprint of each receiving station is shown for an X-band antenna required for MODIS data reception (radius of 2500 km). The proposed Indian Ocean array of antennae would give nearly complete coverage for this ocean basin which should be of interest to IOGOOS. Several sea surface satellite data products of this sort are already being delivered almost routinely at three major centers of the proposed pilot study (Plymouth, Hyderabad, and Cape Town). A well-established network for dissemination of data products and collection of in situ validation data already exists through the Antares network in South America.
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Figure 5. Regional elements of the proposed network of networks.

A full-fledged bio-optical in situ observation program would include measurements of water-leaving radiances and aerosol optical properties, profiles of in-water optical properties, spectral inherent optical properties of constituents of sea water, in addition to measurements of phytoplankton pigments, suspended sediments, temperature, and dissolved organic matter. Note that not all members of the in situ time-series network need be full-fledged bio-optical time series sites. Scaled down versions that measure subsets of variables (such as pigment concentrations and inherent optical properties) would also serve a very useful purpose. 

It is envisaged that this will involve a partnership between GOOS, IODE, the Partnership for Observation of the Global Ocean (POGO)
 and the International Ocean Color Coordinating Group (IOCCG)
, with the IOCCG providing the scientific and technical expertise. The IODE (data management) will be asked to help link data centers together for data exchange and archival; POGO would work to establish the regional networks and engage leading oceanographic laboratories to provide advice on in situ measurements and calibration; and GEO, POGO, SCOR and IOC will be asked to assist with the capacity building needed for the pilot study and with coordination.

3.4 Implementing Mechanisms

3.4.1 GOOS Regional Alliances and the

Joint Technical Commission for Oceanography and Marine Meteorology
The global ocean-climate component of GOOS is being implemented under the oversight of JCOMM which was established to coordinate marine meteorological and oceanographic services and their supporting observations, data management, and capacity building world wide. Coordination is achieved through program areas for observations, data management, and services with capacity building integrated into each program area. Currently, there is no equivalent body to coordinate implementation of the coastal module on a global scale.  

The GCN will develop by incorporating existing global programs (e.g., space-based remote sensing, GLOSS, GCRMN) and by networking or scaling up of elements developed for RCOOSs (e.g., capacity to down-link and interpret data streams from space-based sensors, the Continuous Plankton Recorder program
).  To achieve this, a global body is needed to coordinate global development of a GCN that meets national and regional needs, ensures interoperability and enables effective capacity building.  Thus, the COOP recommended the establishment of a Global Body of GRAs to represent the interests of participating countries and to coordinate the development of a GCN that meets the common data and information needs of all regions (Figure 6).

To begin this process, a joint, ad hoc JCOMM-GSSC-GRA Task Team has been established to address the following: 

· Propose a long-term coordination mechanism or mechanisms between JCOMM, the GSSC, and GRAs to address all areas of mutual interest and avoid overlap and duplication of effort. 

· Based on the COOP Implementation Plan, and in the light of existing expertise and structures, propose possible immediate and specific actions for GSSC, JCOMM, and the GRAs to further the implementation of coastal GOOS.

· Consider and make proposals concerning possible longer-term actions by GSSC, JCOMM, and the GRAs for the implementation of coastal GOOS, e.g., where additional expertise and/or subsidiary mechanisms may need to be developed.

· Recommend what observations should be taken on by JCOMM and what should be left to the GRAs. It is important to remember that before a measurement or product can be turned over to JCOMM for regulation and coordination it must be in pre-operational phase with agreed standards and protocols for measurement, data management, and product production, it must have a group that is currently responsible for the measurement or product, and it must have stable support at some level.

The Task Team will report to the JCOMM co-presidents and its Management Committee, the GSSC and the GOOS Regional Forum or equivalent. The Task Team will work primarily by email, with an occasional meeting if convenient and necessary.
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Figure 6. The current governance structure for the design and implementation of GOOS consists of the Intergovernmental Committee for GOOS (I-GOOS) that is responsible for coordinated implementation; the GOOS Scientific Steering Committee (GSSC) responsible for the provision of scientific and technical advice; the Ocean Observations Panel for Climate (OOPC) provides technical advice to the GSSC and the WMO on the ocean-climate aspects of GOOS; and JCOMM (see text). A global body representing the interests of GRAs as a group is needed to coordinate global implementation of the coastal module. This could be taken on by JCOMM or by a new body that represents the collective interests of GRAs in coordinating coastal products and services and their supporting observations, data management, modeling, and capacity building.

3.4.2 The GEO Coastal Zone Community of Practice

The Coastal Theme Report of the Integrated Global Observing Strategy (IGOS) has recently been completed and approved by the IGOS Partners.
 The report brings together the coastal modules of GOOS and the Global Terrestrial Observing System (GTOS) and recommends observing system requirements across the land-sea interface. At the same time, the GEO Secretariat established a User Interface Committee as a means to engage user groups in the development of the GEOSS. This committee is in the process of establishing “Communities of Practice”  to engage user groups in the specification of observing systems requirements that target specific applications or suites of applications.
 Based on the Coastal Theme Report, the User Interface Committee has approved the establishment of a Coastal Zone Community of Practice. As recommended in the Coastal Theme Report, the proposed Coastal Zone Community of Practice will address two themes: (1) Coastal human populations at risk from natural hazards and impacts from coastal development and urbanization; and (2) Coastal ecosystems, including their attendant hydrological and biogeochemical cycles and their changing states of health and productivity.  

Since one of the roles of GRAs is to engage user groups in the development of GOOS, GRAs are, in effect, Communities of Practice. Involvement of GRAs in implementing the Coastal Zone Community of Practice not only provides an opportunity to functionally link GRA development to GEOSS development, it will open doors for future funding and the implementation of the coastal module of GOOS as part of the GEOSS. To achieve these objectives, each GRA would provide a forum for international collaboration within each region while a global coalition of GRAs oversees implementation of a GCN that meets their collective needs. Greater regionalization of Coastal GTOS is planned in cooperation with GRAs.  
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