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International Coastal Atlas Network (ICAN) White Paper

(Final – 07-Dec-2007)

[For more details see full workshop report at http://workshop1.science.oregonstate.edu/final_rpt2]

I. Introduction 

In recent years significant momentum has occurred in the development of Internet resources for decision makers, scientists and the general public who are interested in the coast. A key aspect of this trend has been the development of coastal web atlases (CWA), based on web enabled geographic information systems (GIS). 

A CWA has been described by O'Dea et al., (2007), as: a collection of digital maps and datasets with supplementary tables, illustrations and information that systematically illustrate the coast, oftentimes with cartographic and decision support tools, all of which are accessible via the Internet. 

A trans-Atlantic workshop held in Cork, Ireland, in July 2006 enabled participants from Europe and North America to assess the potential and the limitations of selected CWAs, from the United States and Europe. (O’Dea et al., 2007). 

· Driving factors for CWA development include the need for:

· Better planning to cater for increased population pressures in the coastal zone (e.g. the UN estimate that by 2020 75% of the world’s population will be living within 60 km of the coastal zone; UN 1992; Shi and Singh, 2003).

· Decision support systems in relation to climate change scenarios in vulnerable coastal regions.

· Information to facilitate assessments of risk to natural hazards (including tsunamis and floods).

· Access to data and maps to support marine spatial planning (MSP) as a tool for better coastal and marine area management.

· Maps of jurisdictional boundaries for maritime territories in support of claims related to the United Nations Convention on the Law of the Sea (UNCLOS), which has a deadline for submissions of 2013.

· More efficient and effective coastal and marine area governance including access to relevant data and information.

· Information on resource availability and exploitation including habitat and species information, as well as ecological and community resilience.
These driving factors have already resulted in the proliferation of ad hoc CWA projects that have been designed to address thematic (e.g., fisheries management, recreational use) or spatial areas of interest (e.g., country to local level). 

While multiple benefits are derived from these tailor-made atlases (e.g. speedy access to multiple sources of coastal data and information; economic use of time by avoiding individual contact with different data holders), the potential exists to derive added value from the integration of disparate CWAs, to optimize decision making at a variety of levels and across themes. For example, the European Green Paper on a Maritime Policy for Europe suggests the development of an Atlas of the Seas for the EU (EC, 2006). Opportunities exist to facilitate such a development by providing for data interoperability among existing CWAs, and within the context of international programmes such as GEOSS (Global Earth Observation System of Systems, www.epa.gov/geoss).

The immediate benefits of integration and interoperability are improved data search, discovery, documentation, and accessibility. For example, if there is a dataset missing in one atlas, it may be immediately located in another. If similar datasets are found in both atlases, they may wish to be combined to enhance study in either region. This is based on the notion that “no atlas is an island.” Sometimes more than one atlas is needed in order to address complex regional problems such as hazard mitigation, climate change, intergovermental marine spatial planning, etc.
Semantic interoperability is an important prerequisite for such an integrated approach. Participants at the first workshop in Ireland agreed upon this as a major recommendation. As a result, a second transatlantic workshop held in Oregon in July 2007, focused on this subject. Workshop participants recognized that the terminology used to describe similar data can vary between specialties or regions, which can complicate data searches and integration. Use of the word ‘seabed’ in Europe versus use of the word ‘seafloor’ to describe the same feature in North America is a good example of this scenario, as is the interchangeable use of ‘coastline’ versus ‘shoreline’ in both regions. Agreements on content / semantic interoperability can help to eliminate such problems, making searches between disparate, but mutually beneficial, projects feasible. Ontologies provide the mechanism to enable this.

An ontology is briefly defined as the formalization of concepts and terms used in a practice or discipline. Ontologies can thus provide the semantic aspects of metadata, including lists of terms with definitions, more complex relationships between terms, rules governing those relationships, and potential values for each term. Ontologies represent, in a machine-readable language, terms of importance to domains of interest (e.g. CWAs), that conforms to a community agreement about a domain and design for a specific purpose (Gruber, 1993). 

Aims of the white paper:
This white paper aims to outline directions for making progress towards better semantic interoperability between CWAs, based on the outcomes of the Oregon workshop. It focuses on the need to develop an internationally-enabled CWA ontology, so that in time, users will be able to conduct sophisticated and meaningful queries across a range of atlases. 

In the short term (i.e., 2007-2008), the approach will consist of a proof-of-concept exercise, aimed at developing an ontology for a single test case deemed to be of interest to CWA users in both Oregon and Ireland. This proof of concept may then be used to make connections within regional partnerships (e.g., the OCA can use lessons learned in developing a regional network of atlases with Washington and California, while the MIDA can do the same for building and strengthening atlas networks with the UK, Belgium, and other parts of Europe. Similarly, lessons may be applied in other parts of the world; in Africa for the African Marine Atlas to develop and improve connections with national and regional African atlases.
The test case will be presented at a third collaborative workshop, scheduled to be hosted by the European Environment Agency in Copenhagen, in the second week of July 2008. (The methodology is described in further detail in Sections II and III). 
However, the collaborators involved in the first two workshops intend to move beyond the demonstration of a conceptual framework and to move towards operational interoperability, as described in the section below.

IA. Linkages to the User Community – ICAN – What our Network Means
The technical experts, scientists, decision makers and practitioners involved are organized under the (as yet) informal International Coastal Atlas Network (ICAN). (See list of participating institutions in Appendix A). We see the process of building and maintaining this new community as a major benefit (selling point), especially as we have a goal to pass on the best practices and new knowledge gained from this community to others.

The strategic aim of ICAN is to share experiences and to find common solutions to CWA development whilst ensuring maximum relevance and added value for the end users. This is a mutually beneficial international activity with complementary strengths in evidence on both sides of the Atlantic, and with the additional provision of international experience for students and junior researchers.
As a result, the long-term view is for global level operational interoperability which will evolve as the ICAN community strives to increase awareness of the opportunities that exist for increased data sharing among policy makers and resource managers as strategic users of a CWA. We see ICAN participants as playing a leadership role in forging international collaborations of value to the participating nations. This has tremendous potential to be relevant not only on both sides of the Atlantic for the North American and  European, partners involved, but has implications for global spatial data infrastructures and Internet mapping projects.

The initial user focus of ICAN will be on regional planners/resource managers, property owners, emergency response teams, and local CWA system administrators (aka atlas administrators). In the section below we describe a specific use case within the important realm of coastal hazards and within that, the specific topic of coastal erosion. A use case provides a general sense of the information requirements for a mapping application. Hazard-related information and the boundaries of regulatory jurisdictions are routinely required for land and ocean planning, regulatory, and enforcement work. The outcomes associated with this use case will improve the ability of agency staff to quickly and efficiently analyze local geographic patterns of hazards, community development, and jurisdiction in a regulatory and/or planning context.  It will be used internally to more accurately and effectively characterize and evaluate issues and impacts related to coastal erosion (initially), but could also be used to inform and educate the public and coastal zone management community.

II. Use Cases

Coastal atlas users require various kinds of information depending on societal roles and responsibilities. Use cases can be developed around related topics to facilitate ontology development and ultimately interoperability across Coastal Atlases.  Important topics commonly addressed by the Coastal Atlas user include: coastal erosion, flooding (including tsunami inundation and sea level rise), and hazard spills (oil, other chemical).  We have selected the topic of coastal erosion as part of a demonstration project to compare the Oregon Coastal Atlas (OCA) database with the Marine Irish Digital Atlas (MIDA) database.  It is understood that there are many more topics that interoperable coastal atlas databases would address. 

With regard to any particular topic, the kinds of information needed by users commonly vary by the societal “roles”.  For example, coastal resource managers (as regional planners) commonly need access to different information about coastal erosion than would coastal property owners or emergency responders. We identify a collection of roles to help further describe the need for data interoperability.  Roles, sometimes referred to as clients or end-users, provide an anchor for understanding data access and needs.  The following roles are targeted in this example.  Other roles do exist.

· Coastal Resource Manager/Planner

· Private Property Owner

· Emergency Responders 
· Scientist

· Local system administrator 

Information system development commonly takes advantage of “use cases” articulated on the basis of user roles. Use cases provide a general sense of the information requirements for applications. To provide general insight into the different kinds of information needed we can articulate questions commonly associated with various societal roles.  Those questions represent the core aspects of a use case; although there are more details for use cases that are beyond the scope of this discussion. 

Below, a series of questions are developed for various clients (roles) addressing the topic of “Coastal Erosion.” The client may take on any one, or all of the roles identified above.  However, it is best to articulate end user questions for a few to provide examples for development of the upper ontology, which remains the final objective.

· Test Case: Coastal Erosion
· Role/Client - Coastal Manager (uses an inventory to take regulatory action; helps form policy guidelines as potential statutes or regulatory rules) 

a. What are the erosion rates along a geographically defined shoreline (coastal) reach? 

b. Where are erosion hot spots based on geology and wave action?

c. Where are erosion hot spots conflicting with human uses of the coast? (as indicated by, permit history and presence of hardened structures as indicator of areas with high erosion rates? )

d. For a defined planning window (e.g. 25 years) what is the anticipated extent and magnitude (e.g., high, medium, or low risk) of coastal erosion risk along a designated reach of shoreline?  

e. What is the potential for new development in the above designated risk zones? What actions can be taken to avoid, minimize or mitigate the placement of new development in predicted high risk zones?

f. Where/When/How has the shoreline been defended? (aka armored, aka hardened, aka protected)

g. How has the shoreline been managed over time?

h. What are the existing engineered structures?

i. What is the historic permit record at a selected location? 

j. Where is the socioeconomic infrastructure at greatest risk due to coastal erosion?

k. Public infrastructure: public utilities (waste water treatment facilities, power plants, etc), shipping lanes / port entrances, Road / Rail transportation networks,  

l. Social: housing developments, cultural resources, public access, beaches

2) Where is the potential for habitat loss due to coastal erosion a significant risk

a.   Ecological:  essential fish habitat, wetlands, beaches, environmentally sensitive habitat areas, wildlife refuges, conservation areas.

1) Role/Client - Private Property Owner (seeks insight about adverse impacts to a property)
a. What is the erosion rate along my stretch of shoreline?

b. how close is my home to “the edge”?

c. will my home survive to the end of my mortgage? 

d. What is the best method to protect my shoreline?

e. What methods of protection are allowed in my state? What rules am I subject to or grandfathered from?

f. Define shoreline protections strategies

g. What methods of protection are my neighbors taking? How will their actions affect my property? Can we act together to achieve some economies of scale or other cost/effort savings?

h. Determine action/no action alternatives

i. Is the shoreline I am considering for purchase stable?

j. What is the nature of the erosion problem?

k. What structures are present?

i. What is the risk of erosion due to future storms?

ii. Am I exposed to storm generated waves?

iii. What is my elevation about sea level? Am I in the flood zone?

iv. Has it flooded during previous storms or hurricanes?

1) Role/Client - Emergency Responders (need information about past, present, or future hazardous events)
2) How big is an incoming storm / erosion-causing event?
a. how do I alert affected areas?

3) What public infrastructure is threatened by chronic or severe erosion events [e.g. transportation networks, pubic utilities (waste water treatment facilities, power plants, etc)]?

4) Where are the heightened social risks associated with severe coastal erosion (e.g. housing developments, schools, cultural resources)?

5) Where are the best evacuation routes during major coastal storm events?

6) Where are sites that have historically experienced major coastal erosion during storm events?

7) Where are best locations for emergency staging equipment (debris removal, rescue boats, sand removal vehicles)?

1) Role/Client - Scientist (investigates research questions for knowledge building relevant for policy implications and decision support action)
a. What is the geomorphic evolution of the coast? 
b. what historic photography, geomorphology profiles, LIDAR surveys, shoreline surveys are available for study?

2) How many major erosional events due to severe storms have occurred within a defined section of shoreline in the past 50 years? 

3) How have anthropogenic activities impacted natural coastal erosion process? 

4) Can a predictive model of hot spots be developed with the data available? 

1) Role/Client - Local system administrator (supports other users with getting  access to data, perhaps from own system or other systems)
2) What data and information can I make accessible regarding coastal erosion?
a. What feature categories (historic photography, geomorphology profiles, LIDAR surveys, shorelines, plant/animal species, surveys etc.) exist in a designated area?
b. Where do existing data reside? Can my system access the data?
c. Can the data be shared (data ownership, permissions, licensing)?
d. How well are existing data documented (reports, metadata), and does the documentation support the potential future uses of the data by my intended audience?

3) What analysis or visualization tools can I provide that can make use of available data to answer common questions from my audience(s) regarding coastal erosion?

4) Can I extract information from the atlas network to bolster data available to support coastal issues within my own program? Are current inventories insufficient?
5) Does my Area of Interest extend beyond the geographic boundaries of the available Atlas system’s area of responsibility?  

a. If so, are there neighboring or regional Atlases that might have supplemental information that might be of use? 

b. If so, are the contents of neighboring or regional Atlases accessible to users of my Atlas, and the analysis or visualization tools it contains?

III. Technical Considerations

As mentioned above, current inventories within coastal atlases are insufficient for the purposes of networking between them. Each atlas has different classifications of data and information (e.g., critical information on coastal erosion that may be needed across a broad geographic region as supplied by several different atlases). But the question remains as to how best to access this through a common point without searching aimlessly within each separate atlas. 



In this section we describe a  proof-of-concept system prototype to make semantically interoperable two atlases: the OCA, initiated in 2000, and MIDA initiated in 2002. The prototype consists of a web interface that is able to query the 2 atlases using concepts familiar to the user ( e.g. emergency responder concepts). Each atlas exposes its terminology, metadata and data using standard interfaces, leveraging tools and best practices (Figure 1).
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Figure 1. A single user interface for two or more atlases.
The user’s concepts, and atlases terminologies will be expressed using ontologies. This will allow the use of Semantic Web technologies (editing tools, APIs, etc..) to relate concepts across ontologies and to query the created relations. Metadata will be published using an ISO 19139 profile of the Catalog Service for the Web (CS-W). Data (e.i. maps) will be published using OGC WMS services. 

The web portal in figure x has a register of services  and knows about the super ontologies. It uses semantic mediation to discover services related to a use case concept. For example it can discover concepts in both ontologies based on the super ontology concepts (Figure 2). Once it knows the concepts it could check if they are available by asking for the metadata records at each atlas. The records found correspond to a WMS layer. This layer could then be presented to the user.
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 Figure 2 A super ontology integrates atlas-specific ontologies.
Oregon and Ireland may not necessarily need to be interoperable, but these are two mature atlas efforts that we can use as a testbed. Both provide interactive access to spatial data and metadata via web GIS, use similar technologies (open source Minnesota MapServer running on Apache web services), and contain metadata meeting national/international standards (i.e., ISO and FGDC). Then given the success of the prototype it could be reproduced and implemented by 2 or more additional partners who really do need to be interoperable (such as MIDA with atlases in the UK or Belgium or with a broader European Atlas, or Oregon with the Washington coastal atlas or efforts in California). This would be the seed application, the template that could be used by many others and grow from there (a super ontology that other efforts could link into).
IV. Future Directions 

Short-term

Our short-term goals are to demonstrate real functionality for a distributed heterogeneous query against the Marine Irish Digital Atlas and the Oregon Coastal Atlas, and to do this before the next workshop in 2008 July.   

The main goals of the workshop will be to:

1. exhibit this proof-of-concept and validate first outcomes,  

2. share results to inform and attract a larger population of potential stakeholders of the activity, and

3. develop a long-term strategy for effective governance of ICAN and further applications.

In addition, we will work to obtain new funding for the joint international effort both through our individual national efforts as well as jointly pursuing potential international opportunities. Alongside the funding opportunities, we will seek new partnership possibilities to enhance ownership and consolidate the user-based community.  

Long-term

Our long-term goals are to help build a functioning digital atlas of the global coast based on the principle of sharing distributed information.  We will go about this by organizing a cooperative interoperability and network project to globally-integrate locally-maintained coastal atlases as the premier source of spatial reference information about the coastal zone of all coastlines throughout the world.  We will do this by developing community-held constraints on mapping and presentation conventions to maximize the comparability and reliability of information about our coasts.  This is done to provide a basis for rationally-informed discussion, debate and negotiation of sustainable management policies for our societies, nations and people throughout the world. 
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Appendix A. Participating Institutions in the (as yet) informal International Coastal Atlas Network (ICAN)

Coastal and Marine Resources Centre, University College Cork, Ireland
Department of Geosciences, Oregon State University, USA
British Oceanographic Data Centre, England, UK
California Coastal Commission, USA
Co-ordination Centre for ICZM, Belgium
Department of Marine, Ireland
DHI-Water, Env, Health, USA 

Environment & Heritage Service, Northern Ireland, UK
European Environment Agency, Denmark
Flanders Marine Institute, European Network for Coastal Research, Belgium
Department of Geography, University of Washington, USA
Geological Survey of Ireland
Institute for Natural Resources, Oregon State University, USA
Marine Institute, Ireland
Marine Metadata Interoperability (MMI)

Maritime & Coastguard Agency, UK
Memorial University Newfoundland, Canada
Monterey Bay Aquarium Research Institute, USA
NOAA Coastal Services Center, USA
Oregon Ocean-Coastal Management Program, USA
San Diego Supercomputer Center, USA
Scripps Institution of Oceanography, USA
South African Institute for Aquatic Biodiversity (African Marine Atlas)

Strangford Lough Management Committee, Northern Ireland, UK
Ulster Museum, Northern Ireland, UK
University of Ulster, Northern Ireland, UK
University Paul Cezanne, France
Virginia Institute of Marine Science, USA

Appendix B. Key Coastal Erosion Datasets

Key Datasets for Coastal Erosion Use Case

Coastal access and recreation

Coastal armoring

Cadastral datasets with assessor attribution

Geology

Land use and zoning

Current shoreline position

Historic shoreline positions

Permit tracking systems and a dynamic link to cadastral data

Aerial imagery

Streams

Beaches 

Bluff and dune fields

Regulatory jurisdictions

Community development

Geomorphology profiles 

Erosion Risk study results – Risk Zones or Lines

Topography

Wave climate data

Shallow water bathymetry

Transportation networks

Public utilities

Public lands

Appendix C. United States Coastal Zone Management Act Performance Measurement System

Purpose

The purpose of the Coastal Zone Management Act Performance Measurement System is to quantify the national impact of two federal-state partnership programs: the National Coastal Zone Management Program and the National Estuarine Research Reserve System. Both programs were developed to achieve the goals of the Coastal Zone Management Act (CZMA) of 1972.

Audience

The primary audiences for the performance measurement system are Congress and the federal Office of Management and Budget. The data may also inform state coastal management programs, estuarine research reserves, other agencies, and the public.

Administration

The performance measurement system is administered by Office of Ocean and Coastal Resource Management (OCRM), which is housed within the National Oceanic and Atmospheric Administration’s National Ocean Service.

History

A series of evaluations identified the need to quantify program results and effectiveness of the two federal CZMA programs. To begin quantitative assessment of program performance, NOAA worked with coastal management programs and reserves to develop performance indicators that reflect core program functions, and contextual indicators that reflect current environmental and socioeconomic conditions in the coastal zone.

Implementation

Performance indicators measure program effectiveness with data collected by the state programs and research reserves. This data is then aggregated to the regional or national level by OCRM. For coastal zone management programs, the performance measures reflect goals related to coastal hazards, coastal habitats, coastal water quality, public access, coastal dependent uses and community development, and government coordination and decision-making. For estuarine research reserves, the performance indicators reflect their strategic goals related to education, stewardship, and research. Approximately 30 contextual indicators are included in the system to quantify current conditions of coastal resources and communities. This data is collected by OCRM from existing national datasets. 

Implementation began in 2005, and coastal management programs and reserves will work with OCRM over the next three years to phase in the suite of performance indicators. After 2008, programs will report annually on all performance indicators. NOAA will issue triennial reports to Congress and other outreach materials as appropriate to report status and trends in program performance and coastal conditions.  
Coastal Hazards 

Goals and Objective 

CZM Program Goal 

Enable the development of vibrant and resilient coastal communities. 

Coastal Hazards Objective: 

Reduce the loss of life and property from coastal hazards and enhance the ability of state and local governments to respond to hazard events. 

Coastal Hazards Performance Goal: 

Increase the percentage of communities in the coastal zone implementing management practices to improve resilience to natural hazards. 

Performance Measure: 

14. Number of communities in the coastal zone that have a) undertaken activities to reduce future damage from hazards and b) implemented educational programs or campaigns to raise public awareness of coastal hazards using CZM funds. 

Coastal Dependent Uses and Community Development 

Goals and Objectives 

CZM Program Goal 

Enable the development of vibrant and resilient coastal communities. 

Objectives: 

• Improve the capacity of state and local governments to make decisions that balance coastal growth and development with protection of ecosystems and quality of life. 

• Reduce the loss of life and property from coastal hazards and enhance the ability of state and local governments to respond to hazard events. 

• Improve state and local processes to redevelop port or waterfront areas, giving priority consideration to coastal dependent uses. 

Performance Goals: 

• Increase the percentage of communities in the coastal zone implementing sustainable coastal management practices. 

• Increase the total number of coastal communities implementing projects to redevelop port and waterfront areas. 

Performance Measure: 

15. Number of coastal communities supported by CZM funds in a) developing and implementing local plans that incorporate growth management principles and b) port or waterfront redevelopment projects.
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