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Executive Summary
This document, the Concept of Operations (CONOPS) for the National Oceanic and Atmospheric Administration Enterprise Architecture Transition, describes operational concepts and trends for National Oceanic and Atmospheric Administration (NOAA) enterprises in a next 5 year timeframe. The concepts for theses enterprises, Information Service Enterprise and Ecosystem Management Service Enterprise, are driven by the goals of the NOAA Strategic Plan.

The document is organized according to the Strategic Plan’s four mission goals (Ecosystem support, Climate and Climate Change support, Weather and Water support, and Transportation and Commerce support) and five mission strategies (Monitor and Observe; Assess and Predict; Understand and Describe; Engage, Inform, and Advise; and Manage). These goals and strategies have been expanded into thirteen services. This document does not provide details of how NOAA will accomplish its future mission—that task will be accomplished by follow-on NOAA Architecture development and other efforts that build further on the framework of the Strategic Plan and this CONOPS.
To develop and manage future operations, NOAA must evolve its programs and organizations to respond to the growing needs of the public at large. NOAA will develop and implement integrated observing capabilities and a network of partners to enhance its ability to protect lives and property, expand economic opportunities, understand climate variability and change, and promote healthy ecosystems as defined in NOAA’s Strategic Plan.
NOAA operations are governed by both internal and external policies. External policies usually focus on the roles and responsibilities of other agencies, and apply to NOAA indirectly by influencing NOAA operations through other agency actions. Implementing NOAA-related changes in response to these policies can be difficult.

The emphasis within NOAA will be on transitioning from a collection of stovepipe systems of space, air, ocean, and ground-based environmental sensors. While some of these systems are managed end-to-end, the collection of systems will not be adequate in meeting future needs in a changing environment unless the systems are integrated and managed on an enterprise-wide level. NOAA data, services, and products must also be made more visible and accessible to researchers and operational users by modernizing access to the regional, national, and global environmental information. New, efficient, and robust data management capacities will handle new and different kinds of data of higher quality and make them more readily accessible.
Ecosystem Support Mission Goal

Currently, NOAA’s monitoring and observing efforts lack a full capability to track changes in coastal stresses, key ecosystems, and marine protected areas. There is a need for future integrated observing systems to provide data over time scales from minutes to decades, and for habitats including all trophic levels. In the future, NOAA will cooperate with its partners to monitor and observe fish species, protected resources, and ocean, coastal, and Great Lakes ecosystems and communities to provide long-term data on habitats and the environmental conditions and human activities that affect them. NOAA will implement models and integrate data sets to assess current ecosystems and the causes for ecological changes. NOAA will also assess the effects of environmental changes on current populations of protected fish species.

Ecosystem-based management requires a user needs approach to defining the observing parameters in order to develop an improved understanding and an ability to predict natural and human factors that can affect ecosystems. To meet these mission strategies, NOAA needs to invest in improved methods to support ecosystem understanding, identify indicators of ecosystem health, and create new approaches to meet the Nation’s requirements for information, tools, and capabilities to assess and predict ecosystem impacts.
Climate and Climate Change Mission Goal

Current NOAA capabilities for Climate and Climate Change include developing and implementing methodologies and conducting research supporting coupled ocean-atmosphere forecast systems for the purposes of climate prediction. In addition, the development of global ocean observing, analysis, and quality control systems, ocean forecast models, sea ice models, and data assimilation systems suitable for coupled ocean-atmosphere-climate prediction also are current NOAA capabilities. However, future needs for climate predictions exceed current capabilities. These future needs can be satisfied by improving model accuracy and providing decision makers with reliable, objective forecasts.

To provide improved climate predictions, NOAA will improve the skill and accuracy of its intraseasonal, seasonal, and longer time frame climate forecasts and its regional, national, and international climate assessments. NOAA will invest in high-quality, long-term climate monitoring capabilities, and will encourage other national and international investments to provide a comprehensive monitoring system. As the ocean is the memory of the climate ecosystem, an integrated network of ocean observing systems provides the capability to deliver to the user timely and accurate data and analyses through effective products and services. Present ocean observations are not adequate to deliver these products with confidence.

Weather and Water Mission Goal

In the future, NOAA will have an expanded role in providing, assessments, forecasts, and warnings of weather and water-related environmental phenomena. This will require improved and robust science models and expanded observation capabilities, and potentially involve new infrastructure, technology, and tools for prediction, monitoring and measurement, and information management.

NOAA will develop and implement an observing system architecture that is capable of detecting weather which is both short-lived and small scale, as well as long-term weather phenomena on a global scale. Society’s diverse and expanding needs for weather-related information will require that NOAA work with its international and domestic partners to cost-effectively increase the number, breadth, accuracy, and availability of systems that can monitor and observe weather and water properties.

To meet these future needs, forecast capabilities must be expanded by NOAA to support more rigorous assessments of interactions among chemical, biological, physical, and air-water-land systems. In addition, a complete, end-to-end forecast system is required for improved predictions of ecosystem changes and risks, and to provide these assessments and data to users. A fully-integrated model/information set supporting assessments that are tailored to meet the needs of specific habitats must be developed in support of decision makers at the local and regional level. These assessment efforts will require shortened cycle times from research (government and academic) to operations using improved models, technology, and techniques. To reduce uncertainty and increase the economic benefits to the Nation from NOAA’s forecast and warning capabilities, and to achieve the Weather and Water mission goal, NOAA will improve the performance of its suite of weather and water, air quality, and space weather prediction capabilities.

Rapid and reliable dissemination of warnings and predictive information concerning potentially hazardous weather and water-related events increases preparedness of emergency and transportation managers and the public, and can mitigate potential losses. Predictive forecasts and analyses along with a comprehensive NOAA database of weather and water observations and predictions would provide critical input for water resource decision makers who have the responsibility of ensuring the Nation’s safety and economic health. The benefits of more accurate, comprehensive, timely, and useful predictive information include improved accuracy and resolution of data measuring environmental health, leading to reduced losses due to disasters and enhanced support for sustainable resource management.
Commerce and Transportation Mission Goal

Particularly important to achieving the Commerce and Transportation Goals is the use of observation data to generate real-time and near real-time products to support decisions that promote safe, efficient, and environmentally sound transportation. NOAA currently does not have a sufficient number of sensors and platforms using advanced technology to meet future needs for accurately monitoring and observing up-to-date hydrographic and shoreline data, as well as physical oceanographic phenomena such as tides, water levels, and tidal currents. NOAA will expand its advanced technology monitoring and observation systems to provide accurate, timely event-driven as well as long-term environmental data, such as weather and oceanographic data; marine, aviation, and surface transportation-related data; hydrographic surveys; and precise positioning coordinates.

In addition to NOAA’s management of observation data, commerce and transportation decision makers also rely on NOAA’s environmental expertise in building and running models and generating products using the observation data to help reduce commerce and transportation impacts on the environment. The expertise, research, and technology development from which these capabilities are derived are based on a supporting infrastructure of people, information technology, models, and other methods of understanding and assessing the environment. Current efforts to understand, describe, assess, and predict impacts on commerce and transportation are inadequate to meet future needs to identify and manage risks to the Nation’s commerce and transportation assets. Future efforts should consider how NOAA can obtain improved observation data, and how it can develop and employ methods, models, products, and decision support tools using the observation data in order to produce the greatest return on investment. Priority improvements necessary to meet the commerce and transportation mission goal can be obtained by expanding the quality, quantity, and type of observations, improving model resolution and forecast accuracy, and enhancing the usefulness and availability of decision support products.

Future Trends

Future trends outside of NOAA will affect the future direction of NOAA operations.. These future trends provide a context in which NOAA must operate. They must be understood and planned for in order for future products, services, capabilities, and strategies to be successful in achieving NOAA mission goals. For example, long-term trends in societal values will be significant drivers of future NOAA operations. New products and services will be prioritized, have resources allocated for their development, be made available to users based on their value to society. Since societal values are subject to change over time, potential future products and services will need to be periodically re-evaluated based on their alignment with these values.
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1 Introduction

In March 2003, the National Oceanic and Atmospheric Administration (NOAA) published its Strategic Plan and Vision for Fiscal Year (FY) 2003 - 2008 and beyond, identifying complex challenges for the 21st century ranging from managing coastal and marine resources to predicting changes in the Earth’s environment. The Plan highlights NOAA’s need to respond to new priorities in the areas of climate change, freshwater supply, ecosystem management, and homeland security and to support increased international cooperation and collaboration, including development of an integrated global environmental observation and data management capability. The NOAA Strategic Plan notes that NOAA’s core values are its people, integrity, excellence, teamwork, and ingenuity, along with its science, service and stewardship. The Plan provides four mission goals for achieving NOAA’s mission success:

· Protect, restore, and manage the use of coastal and ocean resources through ecosystem-based management
· Understand climate variability and change to enhance society’s ability to plan and respond
· Serve society’s needs for weather and water information
· Support the Nation’s commerce with information for safe, efficient, and environmentally sound transportation

This document, Concept of Operations (CONOPS) for the National Oceanic and Atmospheric Administration in the 2010 – 2020 Timeframe, provides the means for members of the environmental community to understand the concepts associated with the NOAA enterprise system that supports those goals of the NOAA strategic plan. A CONOPS identifies the “who, what, when, where, and why” of a system. The “who” is represented by the members of the environmental community, including the NOAA customers, developers, and maintainers, who share the NOAA Vision as described in the NOAA Strategic Plan:

“To move NOAA into the 21st Century scientifically and operationally, in the same interrelated manner as the environment that we observe and forecast, while recognizing the link between the global economy and our planet’s environment.”

The “what” will be the operational and data methodology that will be discussed in this document. The “when” is specified in the title—the focus of this CONOPS document is the next decade. This future focus is essential to support the transition from already established operations and architectures of this decade through evolving operations and architectures of the 2010-2020 period. The “where” will range from local to global scales, driven by NOAA’s desire to maximize the benefits of its products and services to our Nation’s and the world’s environment, public safety, and economy. The “why” will continue to be dictated by executive and legislative authority, which has resulted in our current NOAA Mission: 

“To understand and predict changes in the Earth’s environment and conserve and manage coastal and marine resources to meet our Nation’s economic, social, and environmental needs.”

Note that this CONOPS document describes what capabilities will exist in the future, but does not tell “how” NOAA will accomplish its future mission—that task will be accomplished by follow-on NOAA architecture development and other efforts that build further on the framework of the Strategic Plan and this CONOPS. Consistent with its results-oriented approach to strategic planning, NOAA is committed to maximizing the benefits of its products and services to our Nation’s environment, public safety, and economy.

1.1 Document Overview

This document is laid out by sections devoted to describing general operations and coordination of the current and future NOAA information service enterprise and ecosystem support from a user perspective, with linkages to local, regional, national, and international programs. Following the introduction, Section 2 provides information about the current support to customers using existing data observing systems and operating environments, given current policies and constraints. It describes the user entities that set the stage for new information enterprise and ecosystem support. Section 3 describes the justification for changes to the current systems in support of an information service enterprise. Section 4 provides concepts and capabilities of operating NOAA, and is organized by the service enterprise approach, thirteen service areas, to supporting the NOAA strategic plan goals. Section 5 illustrates implementations of the architecture by explaining potential operational examples that may provide guidance for integrating information services and data products using a total characterization of the environment. Section 6 identifies the additional future trends that could potentially impact NOAA operations.

Appendix A reviews analyses and impacts on NOAA’s information service enterprise from current and future national and global observing systems. Applicable laws, regulations, and other mandates are listed in Appendix B.
1.2 Text References
National Oceanic and Atmospheric Administration (NOAA), 2003: New Priorities for the 21st Century, NOAA’s Strategic Vision. NOAA Office of Program Planning and Integration, 17 pp.

NOAA, Program Review, Fiscal Year 2006, Programming, Budgeting Assessments, December, 2003.

NOAA Constituent Briefing, Earth Observation Summit Briefing, presented by VADM Lautenbacher, NOAA Administrator, July 25, 2003.
NOAA, 1998: Year of the Ocean Discussion Papers, Office of the Chief Scientist, March 1998.
Evans, D. U.S. Secretary of Commerce, Speech before the Earth Observation Summit. July 31, 2003.

Abraham, S. U.S. Secretary of Energy, Excerpts from speech before the Earth Observations Summit. July 31, 2003.

NOAA, Concept of Operation for the National Oceanic and Atmospheric Administration’s National Environmental Satellite, Data, and Information Service 2010-2020, v1.0, December 18, 2002 

NOAA, Toward a NOAA Enterprise Architecture – A Framework for Success, NOAA Office of Requirements, Planning and Systems Integration, pp 1-18 

Committee on Earth Observation Satellites, CEOS, Earth Observation Handbook, pp 6-17

“Building Consensus: Toward an Integrated and Sustained Ocean Observing System” and the 2003 Summit Synthesis. (www.ocean.us)

“Integrated Ocean Observing System Initial Implementation Plan, Preliminary Synopsis, NOAA Report to Congress, June 30 2003 (www.ocean.us)

Regional Ocean Exploration Workshops - Summary Report: Vol. I and Supporting Data: Vol. II. Office of Ocean Exploration, National Oceanic and Atmospheric Administration, Department of Commerce, Mitretek Systems, Inc., May 31, 2002.
Hudson Trend Analysis – Final Report to the National Oceanic and Atmospheric Administration, September 2002.
NOAA, Navigate With Confidence, NOAA Navigation Services, National Ocean Service, 2003, pp1-8
1999 Assessment of the U.S. Marine Transportation System Report to Congress.
2 User-Oriented Description of Current Operations
For decades, the NOAA has supported observations of the Earth’s atmosphere, land, and ocean; driven by its mission to better understand the Earth system, to reduce disaster loss, and to support sustainable development. NOAA conducts research and gathers data about the global environment (i.e., oceans, land, atmosphere, and space), and applies this knowledge using science and technology to develop products and services that touch the lives of all Americans and the world community. Models have been developed of the Earth’s atmosphere, land, and ocean processes on regional and global scales. Observations and predictions are used to provide timely delivery of decision support to aid communities in preparing for disasters and in their response, recovery, and mitigation efforts. The economic value of sustainable development is being balanced with the goals of social equity and protection of the environment.

NOAA provides these services through five major organizations: the National Weather Service (NWS), the National Ocean Service (NOS), the National Marine Fisheries Service (NMFS), the National Environmental Satellite, Data and Information Service (NESDIS), and the Office of Oceanic and Atmospheric Research (OAR). The NOAA Marine and Aviation Operations (NMAO) provide platform support to all of these NOAA service organizations. The NWS is the primary source of weather data, forecasts and warnings for the United States; television weathercasters and private meteorology companies prepare their forecasts using this information. The NWS is the sole United States official voice for issuing warnings during life-threatening weather situations. NESDIS manages the U.S. civil operational remote-sensing satellite systems, as well as global databases for meteorology, oceanography, solid-earth geophysics, and solar-terrestrial sciences. NMFS is the federal agency responsible for the stewardship of the nation’s living marine resources and their habitats. In this role, NMFS rebuilds and maintains sustainable fisheries, promotes the recovery of protected species, and protects and maintains the health of coastal marine habitats.

The NOS mission is to preserve and enhance the nation’s coastal resources and ecosystems along 95,000 miles of shoreline and 3.5 million square miles of coastal ocean. A healthy coast is vital to the U.S. economy. Industries such as marine transportation, fishing, tourism and recreation, and homebuilding all depend on a vibrant coastal environment. NOS also provides vital navigation services for the safety of mariners along the entire U.S. coast including the Great lakes. NOAA's research, conducted through OAR, is the driving force behind NOAA environmental products and services that protect life and property and promote sustainable economic growth. NMAO operates a wide variety of specialized aircraft and ships to support NOAA's environmental and scientific missions. These flexible, multipurpose platforms provide support to a wide range of activities related to weather forecasting and prediction, public safety, navigation and trade, natural resource management and environmental protection.

2.1 Current Operational Policies and Constraints

Even though NOAA was first established as a federal agency in 1970, many components of NOAA have existed since the 19th century. The result is that current NOAA operations are guided and constrained by both historical and recent roles/responsibilities and policies/laws, near-term and long-term goals, and organizational structures. A partial listing of policies/laws is documented in Appendix B. The following sections provide examples of how these policies and organizational structures guide current NOAA operations. Conceptually, changes to current NOAA operations will require assessment and planning in both of theses areas. This may encompass significant legislative changes to enable NOAA to realize and execute evolution to more integrated operations and services to the public.
2.1.1 Policies

NOAA operations are governed by both internal and external policies. Changes to internal policies require coordination across the NOAA organization and with the Department of Commerce (DOC), but can be managed at the NOAA Administrator level. External policies usually focus on other Agency roles and responsibilities and apply to NOAA indirectly by imposing requirements on NOAA operations. Affecting NOAA-related changes to these policies can be difficult.

2.1.1.1 NOAA Policies

NOAA’s blueprint for ensuring value and corporate accountability in NOAA’s daily operations, and for improving NOAA’s services—and the benefits from NOAA’s services—to all Americans is the NOAA Strategic Plan. It forges a path for meeting the needs of America today and addressing the critical issues of tomorrow. It responds to the President’s Management Agenda for a citizen-centered, performance-driven organization that serves every American every day and sets an agenda for wise investment of finite resources through four overarching goals for achieving NOAA’s mission. Changes to this plan require coordination within NOAA and DOC. Executing the Strategic Plan through NOAA’s Planning, Programming, and Budgeting System, Business Operations Manual (BOM), and Administrative Orders is the responsibility for all program offices in NOAA.

2.1.1.2 External Policies

With the wide scope of NOAA’s mission, there are many laws that have a significant impact on how NOAA operates. As an example, one of the principal laws that govern NOAA’s service and support responsibilities is the National Environmental Policy Act (NEPA) of 1969 (42 U.S.C. 4321 et seq.). NEPA is the foundation of modern American environmental protection in the United States and its commonwealths, territories, and possessions. NEPA requires that NOAA decision makers, in carrying out their duties, use all practicable means to create and maintain conditions under which people and nature can exist in productive harmony and fulfill the social, economic, and other needs of present and future generations of Americans. NEPA provides a mandate and a framework for NOAA to consider all reasonably foreseeable environmental effects of their proposed actions and to involve and inform the public in the decision making process.

As specified in Section 102(A) of NEPA, a systematic and interdisciplinary approach, including consideration of the natural and social sciences and the environmental design arts, should be utilized in planning, evaluation, and decision making. NOAA has NEPA guidelines to assist with agency implementation, issued as NOAA Administrative Order (NAO) 216-6, “Environmental Review Procedures for Implementing the National Environmental Policy Act.” NAO 216-6 identifies NOAA's procedures to meet the requirements of NEPA as follows:

· Fully integrate NEPA into the agency planning and decision making process
· Fully consider the impacts of NOAA's proposed actions on the quality of the human environment
· Involve interested and affected agencies, governments, organizations and individuals early in the agency planning and decision making process when significant impacts are or may be expected to the quality of the human environment from implementation of proposed major Federal actions
· Conduct and document environmental reviews and related decisions appropriately and efficiently
NAO 216-6 describes NOAA's policies, requirements, and procedures for complying with NEPA and the Council on Environmental Quality (CEQ) implementing regulations. For major Federal actions, the Order addresses the determination of significance and identifies procedures for categorical exclusions, environmental assessments, and environmental impact statements. The use of NEPA will continue to impact the development and usage of NOAA service enterprise and ecosystem support.
2.1.2 Operational Context
NOAA has successfully evolved from early beginnings to become a world leader in observing, monitoring, and collecting information about the world in a quest to both protect the environment and improve the human condition. When Congress transferred weather services from the Army to the new Department of Agriculture in 1890, the Weather Bureau, a new civilian weather service and ancestor of NOAA's NWS, was born. By the end of the century, the Weather Bureau published its first Washington, D.C., weather map (1895), established the first hurricane warning service (1896) and began regular kite observations (1898). The National Marine Fisheries Service (NOAA Fisheries) is the direct descendant of the U.S. Commission of Fish and Fisheries, the nation’s first federal conservation agency, initiated in 1871 to protect, study, manage and restore fish. NOAA’s charting piece, which evolved into the National Ocean Service, was established at the turn of the 19th century as the first science agency of the United States, the Survey of the Coast. The Survey of the Coast changed its name to the Coast and Geodetic Survey in 1878 to reflect the role of geodesy. NESDIS satellite operations grew out of the space program and the desire to study our earth from a vantage point high in the sky. In the past 40 years, NOAA’s satellites have evolved from weather satellites to environmental satellites.

The organizational process by which NOAA was formed, collecting a diverse group of organizations with historically defined goals and missions, has resulted in systems and organizations that are stove piped. Integration between organizations has grown but information is only partially shared, providing an incomplete picture for the consumer. For example, NOAA’s current observing systems provide limited delivery or sharing of many of its environmental parameter measurements to support implementation of methodologies to better execute mission strategies in support of constituents. Observations from satellites and ground or in situ measurements are not routinely combined except for meteorological and other models. Storage and distribution is not organized from a NOAA-wide perspective. Advances in data management in geospatial technologies are also difficult to implement NOAA-wide. In addition, potential major scientific steps forward, taking advantage of research to operations opportunities, are difficult to realize. For the next level of improvement to customer support to occur, NOAA will need to integrate more functions as the consumer see them.

2.2 Implications of NOAA Changes to the User Community

Until very recently in the history of the Earth system, humans and their activities have not featured as a significant force in the dynamics of the Earth ecosystem. Today, mankind has begun to match and even surpass the forces of nature in changing key Earth systems processes. As a result, the understanding of our earth environment to predict changes on both large and small scales necessitate the coordinated approach to collecting observations from the air, sea, and land. Users of environmental data and information are faced with the need to better understand the environment to make informed decisions on the use and conservation of earth’s resources and on the way our daily lives impact our habitat and the habitats of others. Scientists within NOAA, State Departments of Natural Resources (DNR), coastal emergency managers, and commercial fishermen all have a need for integrated environmental services from NOAA to support their operations to assess and predict the environment or obtain environmental information for their daily work.
Future NOAA users should see significant changes in the operational environment of all of NOAA’s current observing systems operations, currently dominated by stovepipe systems from polar orbiting and geostationary satellite systems to Physical Ocean Real-Time System (PORTS), Cooperative weather Observer Program (COOP), and human fisheries observers. It is anticipated that NOAA will continue to protect, restore, and manage the use of coastal and ocean resources through ecosystem-based management; understand climate variability and change to enhance society’s ability to plan and respond; serve society’s needs for weather and water information; and support the Nation’s commerce with information for safe, efficient, and environmentally sound transportation, but in a more integrated manner, served by an architecture. Integrated NOAA operations will ensure all data and information generated from research to daily operations are developed to support customer’s needs. More emphasis will be placed on coordinating with global partners to form a network of integrated global environmental observation and data management systems and on the increasing important ecosystem responsibility.

New initiatives are also expected. NOAA will be prepared to provide more data in support of regulation and to expand some regulatory functions as interest in climate change grows. Driven by concerns for Homeland Security and the heightened concern of the large and politically important baby boom generation for matters of health and safety, NOAA will also make available more kinds of and better environmental information (e.g., water quality and air quality ( CO2, aerosols, ozone, and concentrations of air pollutants). In recognition of the importance of water issues and associated political/military repercussions, and the interplay of water with land and atmosphere, NOAA will increase attention on hydrologic measurement and analysis. NOAA will also improve distribution of information, providing for rapid and automatic selection through appealing forms.
2.3 NOAA Enterprise Architecture
Internal NOAA users will also see changes as NOAA moves to improve its ability to provide user services by moving towards an Enterprise Architecture. The NOAA Enterprise Architecture will be based on the mission goals and strategies espoused in the NOAA Strategic Plan, as well as the services and capabilities described in this CONOPS document. How these services and capabilities are provided, whether through specific projects, systems, and integrated solutions developed to reduce or eliminate gaps (i.e., differences between current and target capabilities), will be defined in NOAA architecture activities; e.g., the NOAA Observing System Architecture (NOSA). The NOSA process for developing a hierarchy of architectural entities/documents is shown in Figure 1.
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Figure 1.  NOAA Enterprise Architecture Entities and Documents

3 Justification and Operational Need

As identified in the Strategic Plan, every aspect of NOAA’s mission will face new urgency in the 21st century given the intensifying national focus on the environment, the economy, and public safety. NOAA’s role in facing these challenges is to assess and predict environmental changes, protect life and property, provide decision makers with reliable scientific information, manage the Nation’s living marine and coastal resources, and foster global environmental stewardship. This will require enhanced observations and data management, as well as improved integration of global observations on all relevant spatial and time scales. These observations support a better understanding of the physical, chemical, and biological processes responsible for changes in the Earth system leading to improved climate models. The goal is to meet the mission need; i.e., to understand and predict changes in the Earth’s environment and conserve and manage coastal and marine resources to meet our Nation’s economic, social, and environmental needs. The vision is to move NOAA into the 21st century scientifically and operationally, in the same interrelated manner as the environment that NOAA observes and forecasts, while recognizing the link between the global economy and the planet’s environment.
3.1 NOAA Enterprise
The NOAA Strategic Plan identifies four mission goals and five mission strategies to meet the NOAA vision and mission needs. The four mission goals are
· Ecosystem Support: Protect, restore, and manage the use of coastal and ocean resources through ecosystem management approaches
· Climate and Climate Change Support: Understand climate variability and change to enhance society’s ability to plan and respond
· Weather and Water Support: Serve society’s needs for weather and water information
· Transportation and Commerce Support: Support the Nation’s commerce with information for safe and efficient transportation
The five mission strategies are
· Monitor and observe the land, sea, atmosphere, and space and create a data collection network to track Earth’s changing environment
· Understand and describe how the Earth’s environment and its natural systems work together through investigation and interpretation of information
· Assess and predict the changes in the Earth’s environment, and provide information about the future
· Engage, advise, and inform the public, consisting of individuals, partners, communities, and industries, to facilitate information flow, assure coordination and cooperation, and provide assistance in the use, evaluation, and application of information

· Manage marine and coastal ecosystems by protecting, preserving, and restoring the ecosystem resources to optimize benefits to the environment, the economy, and public safety

These mission goals and strategies functionally superimpose themselves upon NOAA’s two primary business enterprises: Information Services and Ecosystem Management Services. NOAA’s Information Service Enterprise covers all NOAA data and information services (acquiring, processing, preserving, storing, and providing user access to) across all NOAA Line Offices and including the interfaces with other federal agencies and international organizations. The Ecosystem Management Service Enterprise involves restoration and conservation, protection, and responsible development of coastal and marine ecosystems. Though an independent enterprise, it is also a user of the data and information products and services of the Information Service Enterprise.

The following sections describe NOAA’s enterprise systems, organized according to the Strategic Plan’s four mission goals and five mission strategies. These descriptions identify current products and services that are expected to continue to improve into the future as well as concepts for new products and services, including the anticipated resultant benefits to the public.

3.1.1 Information Service Enterprise Framework
The NOAA Information Service Enterprise provides a framework for applying the NOAA information-related mission strategies to the mission goal areas. The first four mission strategies listed above apply to the Information Service Enterprise; the fifth mission strategy, Manage, applies to the Ecosystem Management Service Enterprise. Figure 2 illustrates the Information Service Enterprise, its four mission strategies, and its core element; NOAA’s methodologies/processes, innovative staff, and ability to implement.
A key component of the Information Service Enterprise is the Leadership and Support Services activities. The contribution of leadership within NOAA, coordinated across the Agency, is exemplified by the Councils established by NOAA to guide progress in meeting mission goals. For example, the NOAA Observing Systems Council (NOSC) advises the Administrator on NOAA’s Earth observation and data management (end-to-end) activities and provides guidance in the development of the NOAA Integrated Global Environmental Observation and Data Management System architecture. The NOAA Ocean Council (NOC) advises the Administrator on NOAA’s investments, plans, and policies for ocean and coastal observing systems in concert with the National Ocean Research Leadership Council (NORLC)-led directions for interagency coordination. The NOC and NOSC coordinate on fundamental issues associated with observations and observing systems: integration and architecture including standardization of data, metadata, and communications protocols to ensure the ability to integrate the full spectrum of observing systems.
NOAA’s history and charter to serve the public will continue to necessitate innovative measures and strong leadership to overcome any operational constraints. The leadership tools of the organization that will continue to advance NOAA operations into the next decade include:

· Putting people first by ensuring professional excellence in the performance of work by setting standards and practices through which work is accomplished, and 
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Figure 2.  NOAA Information Service Enterprise

by encouraging and facilitating the professional development of each employee to the maximum extent possible; by engendering fairness, honesty, and integrity in dealing with each other and other offices within NOAA, and by providing equal opportunity for all employees, including embracing diversity in our workforce and embracing cultural awareness

· “Work Smart” with efficient processes by exercising innovative, forward looking leadership, by encouraging initiative and risk-taking by employees and managers at all levels, and by improving communication—between individuals, between groups, and between offices—at all levels and in all directions
· Fostering partnerships, credibility and trust based upon consistent, accurate, and reliable information
· Delivering high quality, customer-oriented services that are responsive, dependable, accountable, and simplify the conduct of the agency’s business
3.1.2 Ecosystem Management Services Enterprise Framework
The Ecosystem Management Services Enterprise provides a framework for achieving the NOAA mission goal of Ecosystem Support. The applicable mission strategy is to Manage marine and coastal ecosystems by protecting, preserving, and responsibly developing ecosystem resources (see Figure 3.). The Ecosystem Management Services Enterprise presumes that the need for information and understanding is being satisfied, so that the management and enforcement activities can be undertaken. The enforcement activities use environmental regulations and policies to manage the ecosystem.
3.2 Information Service Enterprise

This section describes current services and capabilities that support NOAA Information Service Enterprise operations and systems and identifies operational needs that are not being met or are not being met with a significant enough capability. The section is organized in terms of the mission goals and strategies; the mission strategies are grouped into the following subject areas to simply the characterization process:

· Monitor, observe, and collect data and information of the land, sea, atmosphere, and space and create a data collection network to track Earth’s changing systems
· Understand and describe changes and how natural systems work together through investigation and interpretation of information, leading to the ability to Assess and Predict the changes to natural systems, and forecast information about the future

The basic premise is that the information process starts with a user need. This need could be initiated by users within or external to NOAA. NOAA then uses its capabilities to provide a service that meets the user need. For example, the need could arise from
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NOAA’s role as a commissioned agent of the National Archive and Records Administration (NARA) is to provide a repository of environmental observations for future exploitation
.  Further concepts on the future of data management are discussed in Section 4.
3.2.1 Ecosystem Support

Oceans, coasts, and Great Lakes resources provide homes for multiple species, are used for recreation and transportation, and provide economic benefits (e.g., fishing and tourism) to coastal communities. Balancing the use of these resources requires a broad scope of environmental data to first characterize the ecosystem environment and then to provide forecasts of environmental impacts. For example, ecosystem habitats are vulnerable to environmental impacts (e.g., geophysical, chemical, biological, and ecological) that can be mitigated with accurate characterization of the current state and timely predictions of environmental dynamics.

3.2.1.1 Monitor and Observe

NOAA’s coastal and ocean ecosystem mandates—from managing estuarine reserves and sanctuaries to restoring impaired ecosystems and managing the Nation’s commercial fisheries—demand additional and improved data streams on ecosystem status and functioning. Sustained access to environmental observations is also needed to fuel scientific analyses and promote an integrated observing and data management system supporting marine ecosystems.
Currently, NOAA’s monitoring and observing efforts lack a full capability to track changes in coastal stresses (e.g., pollution, invasive species, climate change, extreme natural events, land and marine resource use), key ecosystems (e.g., coral reefs, estuaries), and marine protected areas (MPAs). The priority need is additional sub-surface ocean ecological observations in space and time in the U.S. exclusive economic zone (EEZ) and in coastal areas that are critical to resources under NOAA stewardship (e.g., federal fisheries, marine mammals, and endangered species sanctuaries). Providing full program capacity to make these observations is constrained by the limited availability of platforms.
There is a need for these integrated biological and oceanographic observations to provide data over time scales from minutes to decades, and for habitats including all trophic levels (e.g., phytoplankton and harmful algae, zooplankton, invertebrates, fish, sea turtles, and marine mammals). The observed data needed include physical and chemical (e.g., temperature, salinity, currents by depth, sound, nutrients, coral health information and contaminants, including invasive non-native species), and biotic (e.g., chlorophyll) parameters at scales from local to regional, to ocean basins. Platforms to collect these data include in situ and remote sensors, moored and floating buoys, surface ships and subsurface platforms, airplanes, radars, and satellites. While these platforms and sensors currently exist, improvements in their effectiveness and efficiency are needed using technical and programmatic methods (e.g., satellite upgrades, phased array radars, expanded network of buoy-mounted profilers, and an enhanced cooperative precipitation measurement program). For efficient and timely usage of the data, the collection processes should include the ability to transmit data automatically into the data management process.
3.2.1.2 Understand, Describe, Assess, and Predict

Ecosystem-based management requires a user needs approach to defining the observing parameters to develop an improved understanding and an ability to predict natural and human factors that can affect ecosystems. To meet these mission strategies, NOAA needs to invest in improved methods to support ecosystem understanding, identify indicators of ecosystem health, and create new approaches to meet the Nation’s requirements for information, tools, and capabilities.
An end-to-end, observation-to-product system, including an operational data communications and management sub-system is needed to ensure that products are developed to address national and regional goals and that products are readily available to the public and other users. An improved system will enable the development of data assimilation techniques and predictive models. Additional observations in space and time resulting from an improved NOAA observing system create a need for additional and concomitant data management and analysis capacities. A corollary to the additional observation requirement is an equally important need for technology development and for increased ecological process research capacities to increase the efficiency and reduce the cost of current data acquisition technology and design.
Several examples of future needs for improved capabilities for understanding, describing, assessing, and predicting the impacts of changes on ecosystems are presented in the sections that follow.

Capability for Ecosystem Forecasting and Management
A key ingredient in managing resources is the capability for ecosystem forecasting with tools and management assistance available from NOAA with a monitored accuracy and consistency. Current capabilities to manage coastal and ocean resources on an ecosystem basis are insufficient because of a lack of timely and continuing predictions of the impacts of chemical, biological, and physical changes on ecosystem structures and functions. The development of an improved ecosystem forecasting capability should span a wide range of predictions from physical factors such as the occurrence of hypoxic water and indices of coral health to ecological characteristics such as harmful algal blooms, species invasions, and fish recruitment and productivity. Currently, models to provide the forecasting capability needed for improved ecosystem management are lacking. Coastal ecosystems are also affected by river and stream hydrology and watershed impacts. Current hydrographic models are not adequate in providing the quality of reliable, unbiased precipitation estimates needed to forecast and manage ecosystem impacts in the future.
Governance for Ecosystem Forecasting

Another key factor in developing the capability for ecosystem forecasting is an efficiency of governance. Current modes of governance within NOAA are not adequate to drive management decisions at the ecosystem level, which requires a long-term concentrated effort that focuses specifically on management of critical issues on a broad front. The ability to make ecosystem forecasts and ecosystem management decisions requires many elements within NOAA (e.g., fisheries, climate, coastal forecasting, restoration, invasive species, coral reefs), and currently the coordination of these elements is not developed to its full potential. The ability to predict the outcome of management actions on all components of ecosystems, not just the targeted resources, is critical. Also observing systems for ecosystems have both a national and a regional focus to satisfy objectives and issues from both a nationwide and regional perspective. Currently, the information available for managing sustainable fisheries does not fully support the user needs.
Recover Protected Species
The responsibilities as a natural resource trustee require NOAA to support the protection and restoration of sustainable fisheries.  SEQ CHAPTER \h \r 1In support of these mandates, NOAA Fisheries conducts Living Marine Resources (LMR) surveys to collect data on the distribution, abundance, feeding ecology, size, and age composition of stocks of economically and ecologically important species. Oceanographic and plankton data are also collected to monitor the health and status of LMR and their habitat, with the ultimate goal of characterizing the changing states of ecosystems and their subsequent impact on fisheries productivity. Along with providing a reference network,  SEQ CHAPTER \h \r 1observed data includes “sentinel” characteristics that provide early warning indicators and trends to support an understanding of ecosystems. The sophistication and predictive capability of a stock assessment
 is significantly dependent upon the input data derived from LMR surveys.
The biological monitoring LMR survey “system” is considerably different than the systems available to the oceanographic community. In general, biological monitoring systems are considerably less automated and more dependent on statistical and human interpretation. Current mathematical models and computer simulations are not adequate in helping researchers understand and describe biomass and population dynamics. Information derived from existing models and simulations is insufficient to allow fishery management scientists to develop appropriate harvest guidelines and regulatory measures for upcoming fishing seasons.
Improved Understanding of the Role of Oceans in Human Health

The oceans, coasts, and Great Lakes ecosystems have a direct effect on human health. These effects include the quality of the drinking water, ocean pollution, ability of our beaches to support swimming, safety to the boating community, the quality and quantity of our food resources, and the potential development of new products from biotechnology. Recognizing the importance of these ecosystems to human health issues, NOAA needs to focus the talents of the Nation’s research and development community to develop and transition new products that will provide economic value while benefiting the health of U.S. citizens. This approach will require an integration of new disciplines and observing processes that will reduce public health risks by using enhanced observation data to produce products and services that inform the public and enable local communities to predict and reduce the impacts of coastal hazards.
3.2.2 Climate and Climate Change

Virtually every service NOAA provides and every resource management decision it makes is dependent on, or would be improved by having available, reliable and accurate forecasts of change caused by the interaction of natural and human processes. NOAA has defined five climate goals that require robust, integrated observing capabilities to provide products meeting the increasing needs of global climate change research and policy decision making. These goals are
· Improve knowledge of the Earth’s past and present climate and environment, including its natural variability, and improve understanding of the causes of observed variability and change
· Improve quantification of the forces bringing about changes in the Earth’s climate and related systems
· Reduce uncertainty in the projections of how Earth’s climate and environmental systems may change in the future
· Understand the sensitivity and adaptability of different natural and managed systems to climate and related global changes
· Explore the uses and identify the limits of evolving knowledge to manage risks and opportunities related to climate variability and change

3.2.2.1 Monitor and Observe

Central to the NOAA mission of describing, understanding, and predicting the Earth's climate system is consistent and long-term observations. NOAA’s current climate observation program supports ocean and atmospheric projects designed to gain efficiencies wherever possible by promoting the utilization of platforms and data infrastructure for several objectives in parallel. These objectives include understanding the Earth's climate system, the global carbon cycle, and the global water cycle.
Current observation capabilities include both NOAA owned and cooperative sensors that are used by many of the programs that fall within the climate realm. Of paramount importance, only observations can detect climate change. The United States has made significant investments in remote (e.g., space-based) and in situ or surface-based observing systems, including spacecraft and aircraft to provide the capability to monitor the ozone layer, and the Tropical Ocean Global Atmosphere (TOGA) Automated Observations (TAO)/Triton array of buoys that have helped forecast the most recent El Niño phenomenon six months in advance. In general, these sensors provide basic data, but are limited in terms of their spatial coverage and the accuracy, resolution, and types of data that are monitored and observed. For example, ocean observations are critical to understanding climate changes as the ocean is the memory of the climate system. An ocean observing system requires the capability to deliver continuous instrumental records and accurate analyses to the user. Present ocean observations are not adequate to deliver these products with confidence. In the future, expanded networks of sensors will be required to increase the coverage of climate data. There is also a need for more types of climate data observations that can be generated from new or enhanced sensors, such as improved infrared and microwave sensors on upgraded satellite platforms.
Although the focus of the NOAA’s climate observation program is on projects that deploy autonomous in situ platforms, the underlying objective is to foster a “systems” approach to effective international organization of complementary in situ, and remote sensing data, and modeling components of climate observation As part of an integrated and networked observing capability, NOAA will collect and provide key atmospheric, oceanic, and terrestrial data to maximize the benefits and minimize the impacts of climate variations. For example, to eliminate specific known deficiencies in observations in the areas of carbon cycle and water vapor.
3.2.2.2 Understand, Describe, Assess, and Predict

NOAA is responsible for monitoring and assessing climate patterns, predicting climate change and for providing this information to users to enhance the Nation’s ability to plan and respond. There are powerful economic as well as environmental incentives for gaining a greater understanding of climate variability and change. More than $3 trillion of the U.S. gross national product is affected by climate and weather, including the agriculture, energy, construction, travel, and transportation industry sectors.

Currently NOAA climate capabilities are centered around developing methodologies and conducting research to identify persistent land and ocean influences as well as coupled land-ocean-atmosphere characteristics at seasonal to interannual time. For example, NOAA’s work on dynamic atmospheric climate models focuses on understanding and describing the complexity of physical processes that must be represented, including but not limited to cloud dynamics, radiation processes, land and ocean surface processes, and fluid dynamics. These operational models (1-10 day forecasts) predict the atmosphere over a short period of time, but tend to not reproduce the Earth's climate very accurately when rum for long forecast times.

To improve understanding of the global climate and the ability to predict climate changes in the future, current models will require improvements in the amount of data that are processed (due to increased data resolution, data types, and coverage over time and space), in the algorithms that process the data, and in the variability of the model results. For example, upgraded ocean models and sea ice models, improved ocean-land-atmosphere-ice coupling and model dynamics and physics, and enhanced data assimilation capabilities are needed to support empirical prediction systems for climate changes that can meet future needs. Priority areas should include the representations of climate processes in models especially feedbacks associated with clouds, oceans, sea ice, and vegetation in order to improve projections of rates and regional patterns of climate change.
NOAA must work with domestic and international partners to employ an end-to-end system of integrated observations, assessments, and applications, based on key atmospheric, oceanic, and terrestrial climate variables. Models must be validated in order to demonstrate their utility at long time scales. NOAA’s enterprise must be dependable and reliable, adhering to the climate monitoring principles established by the National Research Council and the Global Climate Observing System.
3.2.3 Weather and Water

Warnings, forecasts, and assessments for events ranging from hurricanes and tornadoes to excessive temperatures, from air quality to space weather, from rainfall to ocean temperature and salinity provide citizens with critical information and tools to make socio-economic and life-saving decisions. Environmentally vulnerable businesses and industry sectors, including energy, transportation, tourism, finance, and construction need accurate predictions and reliable tools for preparedness. Controlling wildfires and preparing for and mitigating the effects of severe storms (e.g., tropical cyclones/hurricanes) and winter storms all depend on accurate, timely, and location-specific weather forecasts. About one-third of the U.S. economy (about $3 trillion) is weather sensitive, and on average, hurricanes, tornadoes, tsunamis, and other severe weather events cause $11 billion in damages per year.

NOAA has the responsibility for predicting and informing the public concerning weather and water impacts on public safety and health, disaster preparedness, economic efficiency, and management of environmental resources. NOAA currently provides this functionality through weather, hydrologic, and climate forecasts and warnings for the United States, its territories, adjacent waters and ocean areas. NOAA will continue this function in the future, though the sources of the information and the distribution mechanisms will possibly change, and there will be a greater emphasis on the following:

· Environmental hazards prediction and preparedness for public safety and economic decision making

· Fresh water resources information

· Prediction of environmental impacts on ecosystems

· Information systems to manage risks to health, safety, and property and support homeland security
· Integrated earth-system observations

This expanded role will require improved and robust science models and expanded observation capabilities to prepare forecasts and assessments, and potentially requiring new infrastructure, technology, and tools for prediction, monitoring and measurement, and information management.
3.2.3.1 Monitor and Observe

Earth-system observations are necessary to monitor and predict changes to the earth environment. They are used to produce warnings and forecasts of hazardous weather, air quality, and water conditions; generate predictions of sub-seasonal weather and climate change, assess ecological impacts; and improve understanding of physical processes governing the earth system.
NOAA needs better utilization of, and improvements to, existing observation and monitoring capabilities, along with development of new observations and monitoring capabilities. For example, current fire weather observations are insufficient in terms of the density of observations, especially in remote areas, and the resolution of weather and smoke observations in time and space. Broader and more accurate and refined hydrologic observations are needed to improve flood watches and warnings. Also, current radar volume coverage patterns (VCP) are too coarse and slow to meet future demands for high resolution, timely observations of severe weather conditions, and current weather observation capabilities do not support the more accurate cyclone track and intensity forecasts, or rain/snow line and snow level predictions required in the future.
Historically, NOAA’s investments in regional and local scale observing systems have yielded benefits to the Nation through significant improvements in forecast accuracy, such as improvements in wind and wave forecast accuracy. However, an observing system architecture is needed that is capable of detecting weather which is both short-lived and small scale, as well as long-term weather phenomena on a global scale. Increased effectiveness of monitoring, and improved observation data bridging short term (i.e., weather), sub-seasonal, and long-term (i.e., climate) time scales are necessary to achieve future needs for across-the-board improvements in short to long-range predictions. Leveraging of the necessary science and computing advances may allow NOAA to provide timely and cost effective observations that lead to improved forecasts and understanding of weather phenomena required by future decision makers.
NOAA also needs to leverage partnerships with other agencies, the academic community, international partners, and the private sector to promote collaborative research and development, and support shared and improved water-related in situ and remote observations. For example, as part of an emerging integrated ocean observing network, NOAA will collect and provide fundamental ocean, coastal, estuarine, and inland data to address impacts from coastal storms and other natural hazards. Such information includes accurate, up-to-date hydrographic survey data and physical oceanographic and geodetic information. Other future needs include an increased number of deployed multi-use observing systems, an increased amount of observations obtained from and used by NOAA’s international and domestic partners, and increased availability and accessibility to archived observation data.
3.2.3.2 Understand, Describe, Assess, and Predict

NOAA must provide accurate and useful predictions and assessments with sufficient lead time for effective action to be taken. Currently, advanced warnings and forecasts yield significant benefits, but there are additional benefits that could be realized through improved capabilities. To reduce uncertainty and increase economic benefits, 7 to 14-day forecasts could be provided in the future that are as reliable and useful as 2 to 3-day forecasts today. This paradigm shift will require transitioning from warnings on detection to warning on predictions, thereby providing decision makers the opportunity to improve their decision process through utilization of these enhanced prediction capabilities.

Current warnings/watches include latest warnings, thunderstorm/tornado outlook, flood watches/snow/ice outlook, river flooding, hurricanes, and fire weather outlook. It is expected that these current warnings/watches will not meet the future diverse and expanding societal needs for accuracy, range of observed parameters, and temporal and geographic coverage. For example, growing populations and expanding coastal development will increase the number of people vulnerable to natural hazards in the future. NOAA can help reduce the impacts from natural hazards by providing federal, state, and local decision makers with more timely and accessible information than is currently available. These resources will strengthen the abilities of coastal states and communities to plan for, and recover from, storms and other natural hazards. Improvements in forecasting will require increased use of observation data for verification of, and assimilated into, weather, ocean, water, and climate prediction models; increased number of forecasters trained in the newest techniques; increased volume of forecast and warning information formatted to clarify the uncertainty of an event (e.g., space weather, air quality, water and weather forecasts); and improved performance of NOAA’s weather and water, air quality, and space weather prediction suite.
NOAA has operational models that provide the basis for physical forecasts and ecological assessments, but these current models are insufficient to meet future needs. New modeling efforts must move quickly from research to operations through the use of testbeds and other development tools. For example, chemical and biological forecast capabilities must be expanded by NOAA to support more rigorous assessments of interactions among chemical, physical, and air-water-land systems. In addition, a complete, end-to-end forecast system is needed for improved prediction of ecosystem change and risk identification, and to provide these assessments and data to users. To support local decision making, a fully-integrated model/information set that supports assessments and can be tailored to meet the needs of specific habitats, must be developed.
3.2.4 Commerce and Transportation

The economic inefficiencies resulting from weather-related air traffic delays cost the airlines $4 billion each year; e.g., the additional fuel carried for alternate landings based in part on inaccurate weather forecasts costs over $500 million annually. Weather impacts on marine and surface transportation cost $42 billion annually. Costs are incurred through delayed arrivals and departures, time-consuming detours, insufficient preparation time to safely respond to changing weather and oceanographic conditions, and permitting delays. Although NOAA is certainly not alone in supporting U.S. commerce and transportation, its unique services and capabilities complement Department of Transportation and other agency roles. For example, NOAA helps the Nation’s fleet of public and private vessels navigate with confidence. Under the authority of the Coast and Geodetic Survey Act, and as clarified through the Hydrographic Services Improvement Act, NOAA is mandated to provide world-class products and services such as electronic navigational charts, Physical Oceanographic Real-Time Systems, and access to the global positioning system to improve precision in vessel positioning and location.

3.2.4.1 Monitor and Observe

NOAA provides real-time data to support critical air and marine navigation safety and to support development/delivery of information, products, and services essential for the safe and efficient transport of goods and people by air, land, and water. However, NOAA currently does not have a sufficient number of sensors and platforms using advanced technology to meet future needs for accurately monitoring and observing up-to-date hydrographic and shoreline data. For example, currently there are an insufficient number of platforms for data collection at sea, primarily in the fisheries arena where acoustically quiet vessels with the necessary lab space, berthing space, and research capability are not available in the commercial fishing or academic fleets. In addition, although the academic fleet can handle some of the additional requirements, their availability is very limited. While the availability of airborne platforms is currently not as critical, there is a deficiency in the capabilities of aircraft instrumentation, with a corresponding need for more upgrades in the future. Improved hydrographic and bathymetric mapping capabilities along with near real-time delivery of ocean and waterway observations also are needed for the U.S. Marine Transportation System (MTS).

3.2.4.2 Understand, Describe, Assess, and Predict

NOAA’s commerce and transportation services and capabilities support decision-making to reduce costs and risks to people, economies, and natural resources though production and delivery of reliable and timely information that the public can trust in order to minimize weather- and water-related damages. For example, NOAA provides services and capabilities to forecast and model marine and aviation weather, severe and winter weather, volcanic ash, air quality, and sea ice.
Reducing risks associated with the development and use of the U.S. transportation system will provide increased safety. However, future needs are increasing and cannot be fully met by current NOAA products and services. U.S. dependence on marine, surface, and air transportation for economic viability is growing, and this growth increases the risk of destructive impacts to lives, the economy, and the environment. The growth in future needs and the gap between current and future capabilities is influenced by trends such as the following:
· Use of the MTS will double by 2020—ships are growing wider, larger and more numerous, stressing U.S. channel and waterway capacities

· 3,500 commercial shipping and 6,500 recreational boating accidents occur annually
· Satellite search and rescue alerting services help save more than 250 lives a year, but almost 500 lives a year are still lost before authorities are notified
· Surface transportation experiences 7,000 vehicle fatalities, 800,000 injuries, 500 million vehicle-hour delays annually
· Hundreds of people perish each year and thousands suffer injury in aviation accidents from thunderstorms, fog, icing, turbulence, low cloud ceiling, volcanic ash cloud, other atmospheric phenomena and navigation errors

· It is estimated that more than half of the nation’s undiscovered oil and gas lies on the outer continental shelf; thus, offshore energy resources may play an even more important role in meeting U.S. energy needs in the future. Currently, the United States imports about one-half of the petroleum necessary to meet its energy needs, and the Department of Energy projects this level will reach 61 percent by 2015. Therefore the need for fuel from the EEZ and protection of coastal resources will require close monitoring of the environment
Commerce and transportation decision-makers also rely on NOAA’s environmental expertise in managing the observation data, and building and running models and generating products to help reduce commerce and transportation impacts on the environment. The expertise, research, and technology development from which these capabilities are derived are based on a supporting infrastructure of people, information technology, models, and other methods of understanding and assessing the environment. 
Future improvements are needed to fully support an understanding and description of the environmental dynamics on commerce and transportation; e.g., open ocean and the critical variations in the Nation’s many ports and shipping channels. NOAA must work with academia and the private sector to share results, develop new approaches, and improve outcomes. Areas of cooperation include:
· Data acquisition technology and modeling for air, surface, and marine systems
· Determining the environmental consequences of developing the marine transportation system, such as providing science-based environmental windows for dredging operations
· Developing innovative technologies to increase the efficiency and accuracy of the Global Positioning System
3.3 Ecosystem Management Enterprise

The mission of the Ecosystem Management Service Enterprise is to restore and conserve, protect, and responsibly develop coastal and marine ecosystems (see Figure 3). The coastal ocean, which includes our oceans and coasts, our bays and estuaries, and the Great Lakes, is economically, politically, and socially critical to the nation. More than half of the U.S. population lives in coastal counties, and coastal areas are hubs of commerce; home to many major American corporations, support ports and transportation networks. The coasts are used by millions of Americans annually for recreation and support a surging tourist trade. Coastal waters are also rich in living and nonliving marine resources that sustain prosperity and economic growth nationwide. 
NOAA is responsible for to ensuring the long-term productivity and sustainability of the living resources and the environment. A healthy, vibrant coast means vigorous and growing economic opportunities. NOAA currently promotes sustainable economic development, jobs, and prosperity along the Nation’s coasts through:
· Partnerships with state and local governments to revitalize urban waterfronts and develop innovative, cost-effective coastal zone management plans that balance competing demands for recreation, tourism, development, commercial growth, environmental protection, transportation and fisheries

· A network of 13 National Marine Sanctuaries that spur tourism and new economic opportunities, while protecting invaluable natural and cultural resources, such as the coral reefs and shipwrecks found off the Florida Keys

· Protection of coastal communities from the occurrence of disastrous oil and hazardous material spills and limiting the effects of spills on coastal resources, such as shell fisheries and beaches, that are vital to local economies

· A national network of monitoring programs that detect, quantify and forecast changes in coastal environmental quality

Responsible ecosystem management requires unique and complex information systems and data/products to support the protection and restoration of coastal and ocean resources; e.g., mitigating adverse impacts of use of our transportation systems on the national and global environment. As ports struggle to accommodate growth in freight and vessels, they must also expand capacity, either physically or through greater operating efficiencies. But space and accessible waterfront are already a limiting factor in many ports, and additional loss of coastal habitat can threaten ecosystems. Physical alteration of habitat, releases of hazardous substances from accidents, and port activities and contaminated dredged materials must be addressed. For example:
· An average of 1.8 million gallons of oil is spilled into U.S. waters each year. A recent 100,000 gallon spill cost $35 million to clean up, not including injury to natural resources; the Exxon Valdez spill costs upwards of $10 billion and counting
· Over 8000 hazardous spills are reported each year in the U.S. Industry has spent $12 billion in spill prevention and preparedness activities since 1990
· Coastal congestion results in more pollution, both in the atmosphere and as runoff
· Hazardous material spills from ships, trucks, and pipelines harm people and the environment and cause disruption of waterways with substantial economic impacts
The objectives of coastal and ocean ecosystem management are scientifically, socially, and economically interdependent, national in scope, but regional in approach to support user needs in local decision-making. NOAA and its partners must gather information on coastal and ocean environments, use that information to mitigate and respond to damage from natural disasters and human activities, provide tools and information to improve the sustainable use of coastal ecosystems, manage coastal resources to maximize their benefits to society, and promote environmentally sound economic development. 
3.4 Transition to Operations in Support of NOAA’s Strategic Plan

In building for the future network of systems, NOAA must effect many changes within its programs and organization to respond to the growing needs of the public at large and to align the business end of its enterprise systems and services in support of the NOAA Strategic Plan. NOAA data and products must be made more visible and accessible to researchers and operational users by modernizing access to regional coastal and ocean ecosystem information. NOAA must also simplify, de-layer and expand access to the presently highly-distributed and multiple sources of regional NOAA data, observations and information. The public, ecosystem planners and managers need consistent “one stop” Web-enabled shopping for information and observation viewing/interpretation tools regardless of source or program.

Effective delivery of services depends on the availability of rapid and reliable end-to-end information systems consisting of information technologies and processes to generate and disseminate environmental assessments and predictions. For example investments in better NOAA prediction services have no benefit if forecasts and assessments are not disseminated in a timely, efficient, and effective manner. Unique services and capabilities that NOAA already provides can be leveraged to fill critical information gaps for the public and public safety officials. For example, NOAA’s development of a faster and integrated national all-hazards warning system requires improvements in the collateral information technology (IT) infrastructure (software, hardware, and communications architectures), leveraging of advances in computational applications (e.g., grid computing), and developing advanced geospatial display capabilities for public understanding.
NOAA needs to transition from a collection of stovepipe systems of space, air, ocean, and ground-based collectors to an integrated and managed enterprise system. This may require restructuring of systems to support real-time data deliveries, database linkages and cross-pollination between NOAA data centers and among NOAA functional/program offices. An internal, integrated set of observing systems will enhance NOAA’s ability to protect lives and property, expand economic opportunities, understand climate variability, and change, and promote healthy ecosystems. As individual systems/new partners evolve, they will be integrated into a NOAA enterprise architecture that is tightly aligned to the Strategic Plan. That is, NOAA, in supporting a defined business scope and mission and comprised of interdependent resources (people, organizations, and technology), will coordinate its observing system functions and share information in support of common missions of the NOAA Strategic Plan.
NOAA personnel must also work with national and international partners and commercial entities to develop global-to-local environmental observations and data management systems for comprehensive, continuous monitoring of coupled ocean/atmosphere/land systems. For example, in 2010-2020 NOAA will need an end-to-end service enterprise to support the operations of NOAA’s portion of the International Global Environmental Observing System (IGEOS). The emphasis for NOAA will be to aggregate and manage functionality of all its observing systems at an enterprise level and mold them to form its contribution within IGEOS. NOAA strategic outcomes will be measured at the enterprise level, and investment and resources will be allocated and measured against the return on the performance for the enterprise and the positive impact on NOAA constituents.
4 Enterprise Concepts

For NOAA’s Information Service Enterprise and Ecosystem Management Enterprise to provide the products and services needed to meet future societal, economic, and public safety requirements, the goals and strategies in the current NOAA Strategic Plan must be updated to provide concepts for guiding the evolution of these enterprises. In the following sections, proposed concepts for the future NOAA Information Service Enterprise and Ecosystem Management Enterprise have been organized around thirteen core and support services based on the Mission Strategies identified in the NOAA Strategic Plan. These core and support services are
· Monitor the environment (core)
· Observe the environment (core)
· Assess the environment  (core)
· Predict the environment (core)
· Understand the environment (core)
· Describe the environment (core)
· Engage the public (core)
· Inform the public (core)
· Advise the public (core)

· Manage marine and coastal ecosystems (core)

· Regulate fisheries, commercial space-based remote sensing (support)
· Operate platforms for monitoring and observing (support)
· Steward environmental data (support)
The core services are the building blocks for the enterprises. For example, NOAA must engage government agencies and academic and commercial entities in partnerships to support the open coordination of information sharing, and to facilitate the seamless development of tools, model inputs, and displays to provide a total picture of the relationships between environmental parameters. These relationships can then provide the capability to develop more representative regional environmental and infrastructure models to depict current conditions and forecast future changes.

The support services provide the infrastructure that supports the core services. For example, the delivery of products and services requires an efficient, robust, and secure data management and communications capability. Table 1 shows the relationship between the NOAA services and the mission goals and enterprises that they directly support.
Table 1.  NOAA Services Support for NOAA Enterprises and Mission Goals

	NOAA ENTERPRISES and 

Mission Goals
	NOAA Services

	
	Monitor
	Observe
	Assess
	Predict
	Understand
	Describe
	Engage
	Inform
	Advise
	Manage
	Regulate
	Operate Platforms
	Steward Data

	ECOSYSTEM MGMT SERVICE
	
	
	
	
	
	
	
	
	
	
	
	
	

	INFORMATION SERVICE
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ecosystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	Weather and Water 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Climate and Climate Change
	
	
	
	
	
	
	
	
	
	
	
	
	

	Commerce and Transportation
	
	
	
	
	
	
	
	
	
	
	
	
	


The sections below describe each service, identify the capabilities that support the service, and summarize the benefits of that service. The capabilities either currently exist, or are new or enhanced capabilities that are needed for NOAA’s continued success in the 2010-2020 timeframe. In some cases, future needs will be met by expanding the quality, quantity, and type of observations, improving model resolution and forecast accuracy, and/or enhancing the usefulness and availability of decision support products to provide more accurate and timely forecasts and better products and services. In other cases, research and development will be required to realize the needed capabilities, or needs will be met through partnerships with external entities. NOAA will determine which solutions should be implemented based on the best return on investment. The investment criteria will include ties to national priorities/government-wide initiatives, NOAA crosscutting priorities and leveraged applications, partnering opportunities/cost sharing, strong external support, and end-to-end planning for IT, infrastructure, security, and human capital investments.
4.1 Monitor

The Monitor service is defined as surveillance of environmental phenomena that is schedule-driven versus demand-driven (demand-driven observations are discussed in Section 4.2). This service requires a variety of remote and in situ platforms and sensor types, often integrated into a coordinated network that generally operates over extended time periods, over relatively large spatial scales, and is able to collect environmental data for a wide range of environmental parameters. The platforms and sensor types must provide accurate, timely, and useful environmental data on a routine or schedule-driven basis. Changes in the monitored data may trigger the need for more event-driven observations of specific environmental phenomena, which will be provided by the Observe service. The Monitor service supports the following types of environmental data to be routinely collected:

· Atmospheric properties and images
· Upper atmospheric characteristics
· Lower atmospheric characteristics
· Air quality characteristics
· Cloud characteristics
· Land surface properties and images
· Soil, terrain, and ground-level characteristics
· Estuarine and river characteristics
· Snow/ice characteristics
· Marine properties and images (ocean, coastal, and Great Lakes)

· Water surface characteristics
· Water column characteristics
· Benthic characteristics
· Coastal and littoral characteristics
· Wind, wave, current characteristics
· Ice characteristics
· Air/water interface properties and images
· Space properties and images
· Climatic conditions/indicators

· Ecosystem-related properties and images and images
· Marine organisms/communities/species characteristics
· Protected resources and habitat characteristics
· Effects of human activities

· Eutrophication indicators

In order to provide a Monitor service that meets all future NOAA mission goals and the Monitor and Observe mission strategy, NOAA will implement an improved network of integrated platforms with sensors that collect more accurate, timely, and useful observations covering a wider range of environmental phenomena over time and space (e.g., finer and faster radar VCPs). These platforms and sensors will collect environmental data nearly continuously and store/transmit the data in order to provide a long-term surveillance and monitoring capability. The service to operate the monitoring and observing platforms is distinct from this Monitor service and is described in Section 4.12, Operate Platforms for Monitoring and Observing.
In order to develop new or enhance existing monitoring capabilities as part of the future Monitor and Observe mission strategy, several principles will be followed that are consistent with Global Climate Observing System (GCOS) operations. These principles include the following:

· The impact of new systems or changes to existing systems will be assessed prior to implementation
· A suitable period of overlap for new and old monitoring and observing systems will be required
· The results of calibration, validation, and data homogeneity assessments, and assessments of algorithm changes, will be treated with the same care as monitoring and observing data
· A high priority will be given to additional monitoring and observing capabilities in data-poor regions and regions sensitive to change
· The carefully-planned conversion of research observing systems to long-term operations will be promoted
· Steps will be taken to sample the Earth system in such a way that climate-relevant (diurnal, seasonal, and long-term interannual) changes can be resolved
· Complementary in situ baseline data for verifying remote monitoring and observation data will be maintained through appropriate activities and cooperation
· Random errors and time-dependent biases in monitoring and observation data and products will be identified, assessed, and minimized
In support of the Ecosystem Management goal, NOAA will cooperate with its partners to monitor fish species, protected resources, and ocean, coastal, and Great Lakes ecosystems and communities to provide long-term data on habitats and the human activities that affect them. NOAA will optimize location and deployment plans for ecological observing system components by aligning the biological, chemical, physical, geological, and archeological data needs with the observation systems that collect these data. To collect the quantity and quality of data necessary, NOAA will also improve its capacity to conduct surveys, conduct research and studies for better understanding of ecosystems, and monitor the results of management decisions. The observing systems and programs supporting ecosystem objectives will provide the following types of ecosystem monitoring:

· Protected areas and species and habitat restoration: all environmental parameters from geological sediments to water chemistry and living organism data
· Invasive non-native species: living organism data and water chemistry

· Ecosystem research: wide range of observations of shorelines, ledges, lakes, sea ice, and other extreme environments; scientific studies based on advanced observation systems and networks
· Corals: coral reef health and water quality observations, remote sensing observations

· Coastal resource management: national status and trends data characterizing the environment through integrated observations of all environmental parameters; historical data on coastal stresses (e.g., pollution, invasive species, climate change, extreme natural events, land and natural resource use), data describing key ecosystems (e.g., coral reefs, estuaries) and MPAs
· Undersea exploration; benthic, water column, surface, and boundary flux, data derived from ocean observations, including video
· Fisheries management: LMR surveys, individual fisheries observations, and fluctuations in harvested marine species, to achieve the following benefits:

· Improved predictions of abundance, distribution, recruitment, and sustainable yield of living marine resources
· Improved ability to detect changes in spatial extent and condition of habitat, production, and species biodiversity

· Improved predictions of the effects of fishing and other human activities on habitat and biodiversity

· Improved measurements of abundance and impacts affecting endangered species, marine mammals, and seabirds
· Flora and fauna of ocean and coastal waters, bays, and estuaries

· Land use data
· Geomorphology and high resolution bathymetry

Through its research and management of ocean and coastal resources and its responsibilities as a natural resource trustee, NOAA supports the protection and restoration of marine mammals and other protected species through diverse methods of assessing and managing the health of species. Improvements in monitoring the environment will allow, NOAA and its partners to measure the effectiveness of their activities to promote sustainable fish populations and protected species recovery, particularly within the coastal zone, Great Lakes, and estuarine and ocean MPAs. In the future, NOAA will have increased area coverage and a greater number of ecological conditions monitored by state-of-the-art observation systems and platforms that provide necessary information for NOAA’s ecological stewardship responsibilities.
In support of the Climate and Climate Change goal, NOAA will invest in high-quality, long-term climate monitoring capabilities, and will encourage other national and international investments to provide a comprehensive and integrated monitoring capability. Enhanced climate monitoring capabilities will include long-term observations of trace gases and other climate-forcing agents collected, archived, available, and accessible where random errors and time-dependent biases have been assessed and minimized. Also, increased monitoring in the future will support a global re-analysis for climatic diagnostics, climate change detection, attribution, and assessments. NOAA will have an enhanced capability to monitor annual and long-term changes in sea level, coastal topography, land cover, shoreline position, near-shore bathymetry, and the frequency of extreme high waters. NOAA will also measure temporal trends in coastal sea-surface temperatures, chlorophyll, nutrients, and salinity. A strong observation system will lead NOAA to reach success in achieving the Climate and Climate Change mission goal.
To meet society’s diverse and expanding needs for weather-related information to support the Weather and Water mission goal, NOAA will work with its international and domestic partners to cost-effectively increase the number, breadth, accuracy, and availability of systems that can monitor weather and water properties. Enhanced monitoring capabilities will meet diverse societal needs for accuracy, increased number of observed parameters, and expanded temporal and geographic coverage. As part of an integrated ocean observing network, NOAA will collect and provide ocean, coastal, estuarine, and inland data to address impacts from coastal storms and other natural hazards. Such information includes accurate, up-to-date hydrographic survey data and physical oceanographic and geodetic information.
To support the Commerce and Transportation mission goal, NOAA will expand its advanced technology monitoring systems to provide accurate, up-to-date environmental data over an extended time frame. Monitored data include weather and oceanographic data; marine, aviation, and surface transportation-related data; and hydrographic surveys supported by NOAA’s precise positioning reference network.

4.2 Observe

The Observe service provides demand-driven sensing of specific environmental phenomena using a variety of remote and in situ platforms and sensor types, operating individually or as part of an integrated data collection network. These sensors generally observe and collect environmental data over specific geographic areas in response to events or triggers representing relatively short-term needs or conditions. The Observe service is similar to the Monitor service as it relies on a network of integrated platforms and sensors to collect accurate, timely, and useful environmental data to support the Monitor and Observe mission strategy. The Observe service supports the collection of event-driven or incident-specific data, often based on changes in environmental phenomena as determined through the long-term surveillance of the environment provided by the Monitor service. The service to operate the monitoring and observing platforms is distinct from this Observe service, and is described in Section 4.12, Operate Platforms for Monitoring and Observing. Also, the development of new capabilities of the enhancement of existing observing capabilities as part of the future Monitor and Observe mission strategy will follow the GCOS operations principles described in Section 4.1.
The Observe the Environment service allows the following types of environmental data to be collected for specific time periods and geographic locations in response to event triggers or short-term data needs:

· Atmospheric properties and images
· Upper atmospheric characteristics
· Lower atmospheric characteristics
· Air quality characteristics
· Cloud characteristics
· Land surface properties and images
· Soil, terrain, and ground-level characteristics
· Estuarine and river characteristics
· Snow/ice characteristics
· Marine properties and images (ocean, coastal, and Great Lakes)

· Water surface characteristics
· Water column characteristics
· Benthic characteristics
· Coastal and littoral characteristics
· Wind, wave, current characteristics
· Ice characteristics
· Air/water interface properties and images
· Space properties and images
· Climatic conditions/indicators

· Ecosystem-related properties and images
· Marine organisms/communities/species characteristics
· Protected resources and habitat characteristics
· Effects of human activities

· Eutrophication indicators

In the future, NOAA’s regional observing systems will be made more efficient through greater economies of scale and improved integration and effectiveness of NOAA regional and storm scale observing systems. Efficiencies will also be achieved by leveraging existing capabilities to develop, integrate, and transition to operations both in situ and remote observing system sensors using surface-based, atmospheric, and satellite observing platforms. Effectiveness of the observing systems will be measured by improved cost efficiency, increased overall capacity, increased flexibility, and decreased system overlap, leading to the ability to achieve the NOAA mission goals.
In support of the Ecosystem Management goal, NOAA will cooperate with its partners to observe short-term changes in properties associated with fish species, protected resources, and ocean, coastal, and Great Lakes ecosystems and communities to provide event-driven information on habitats and the human activities that affect them. Observing systems managed by NOAA and its partners will provide significant benefits in the management of environmental resources by generating additional and improved data supporting new studies and discoveries in ecosystems. These improved data will help characterize basins and banks, extreme environments (e.g., sea ice) lakes, shorelines, ledges, slopes, and episodic events.
To meet society’s diverse and expanding needs for weather-related information, and support the Weather and Water goal, NOAA will work with its international and domestic partners to cost-effectively increase the number, breadth, accuracy, and availability of multi-use systems deployed to observe short-term weather and water phenomena. Future capabilities include enhanced observations that will reduce the uncertainty in predicting high-impact weather and water events by integrating, calibrating, and validating radar, satellite, and other airborne and ground-based observing systems data and products for use in numerical and diagnostic forecast systems. There will be an increased percentage of observations that are archived, available, and accessible to users to provide the necessary information to support NOAA’s Weather and Water mission goal.

In support of the Commerce and Transportation goal, NOAA will expand its advanced technology observation systems to provide accurate, up-to-date, event-driven environmental data, such as weather and oceanographic observations; marine, aviation, and surface transportation-related observations; and hydrographic surveys supported by NOAA’s precise positioning reference network. There will also be increased reliability, frequency, and use of marine, aviation, and surface transportation-related observations.
4.3 Assess

The Assess service provides information and intelligence about the Earth’s changing environment based on the integration and analysis of sensor data and model outputs. The Assess service is derived from procedures and methods required to conduct and interpret a variety of physical and mathematical analyses of environmental data, such as trend analyses of historical data, physical and mathematical models of empirical data, and statistical methods of reducing data bias and the uncertainty of imprecise or unknown data. The Assess service is dependent on the assimilation and integration of diverse environmental data representing wide spatial and temporal ranges and varying formats and resolutions, derived from multiple organizations and observing systems. Improved assessment models include coupled land-ocean-atmospheric-ice models using interrelated and integrated environmental data.

In order to achieve an Assess service that meets all future NOAA mission goals and the Assess and Predict mission strategy, NOAA will provide more accurate, timely, and effective information that are used to predict future environmental phenomena through the generation of products and services. The Predict service enables these products and services to be generated (as described in Section 4.4). The types of environmental information that will be derived through improved assessments of environmental data using new and enhanced models and assessment methods include:

· Air quality (local, regional, national scales)

· Weather conditions

· Snow and winter weather events

· Tropical cyclones

· Fire weather

· Aviation weather

· Other weather-related phenomena

· Marine conditions (including coastal zone)

· New ocean discoveries

In order to develop new or enhance existing assessment capabilities as part of the future Assess and Predict mission strategy, two principles will be followed that are consistent with GCOS operations, but are applied to both atmosphere and ocean information. These principles are
· A capacity to routinely assess the quality and homogeneity of data on extreme events, including high-resolution data and related descriptive information, should be ensured
· Consideration of environmental climate-monitoring products and assessments, such as Intergovernmental Panel on Climate Change (IPCC) assessments, should be integrated into national, regional, and global observing priorities
To support the Ecosystem Management goal, NOAA will implement enhanced models and integrated data sets to assess current ecosystems and the causes for ecological changes. NOAA will also assess the effects of environmental changes on current populations of protected fish species. In a national scope, networked observation systems throughout the coastal zone will be located at a density commensurate with the user needs and system resources. The information collected will be used to develop stock assessments and other scientific reports for presentation to fishery managers, industry groups, and the public, allowing sound policies to be formulated regarding the long-term protection and sustainable use of U.S. living marine resources.
There will be an increased number and accuracy of models to detect and forecast climate change effects, such as water levels, harmful algal blooms, coral bleaching, and population shifts on coastal and Great Lakes ecosystems, and circulation models for predicting the transport and fate of land-based pollutants. In the future, NOAA will increase the number of models that incorporate atmospheric loadings of pollutants such as nitrogen oxide and mercury, and assess their impact on ecosystem health. NOAA will improve data management and assessments of environmental stressors (e.g., pollution, invasive species, climate change, extreme natural events, land and natural resource use) on coastal ecosystems and resources. There will be an expansion of the scale and scope of factors influencing populations of marine resources, and their inclusion in assessment models will result in improved stock assessments.

Enhanced social and economic analyses are also essential components to assess and monitor the human impacts on NOAA’s stewardship decisions. In the future there will be additional economic data and analyses to improve NOAA’s ability to measure impacts on communities and the cost and benefits of recovery. There will be research and modeling protocols and predictive assessment models in place that incorporate multiple environmental, ecological, and economic risk factors.
To support the Climate and Climate Change goal, NOAA will improve the skill and accuracy of its intraseasonal, seasonal, and longer time frame climate forecasts and its regional, national, and international climate assessments. NOAA will implement improved assessments to enhance understanding of climate impacts and potential adaptation and mitigation measures in the context of multi-resource management and sustainability. Improved climate change assessments will focus on the impacts of changes in relative sea level, storm frequency, and coastal inundation; water and nutrient inflow and estuarine eutrophication; and ocean surface temperature, carbon dioxide levels, and coral survival. In the future NOAA will have an increased number, accuracy, and regional specificity of U.S. climate, water, and coastal resource assessment products. There will be increased involvement of NOAA researchers and use of NOAA scientific results in national and international assessments. There will also be an increased number of new indicators of climate impacts on marine ecosystems.
To reduce uncertainty and increase the economic benefits to the Nation from NOAA’s forecast and warning capabilities to support the Weather and Water goal, NOAA will improve the performance of its suite of weather and water, air quality, and space weather assessment capabilities. There will be an increased volume of forecast and warning information formatted to readily clarify the uncertainty of an event. In the future NOAA will assess and validate prediction models, and implement advanced information and computing technology and techniques for geophysical prediction. NOAA will have improved coastal, Great Lakes, bay, and harbor models of water levels, subsidence, currents, temperature, and salinity to better forecast the impacts of storm events on coastal ecosystems and communities. There will be an advanced modeling capability for regional coastal ecosystem processes influenced by weather and water.
To support the Commerce and Transportation goal, NOAA will develop and implement sophisticated assessment capabilities to support decisions on aviation, marine, and surface transportation and navigation efficiencies; coastal resource management; and transportation system management, operations, and planning. NOAA will use improved coastal and Great Lakes water level and circulation models to ensure that its constituents can make informed decisions regarding navigation, port security, coastal resource management, and oil and chemical spills.

4.4 Predict

The Predict service supports the generation of products and services that provide both longer-term forecasts of environmental phenomena, and shorter-term warnings of imminent environmental changes that may have serious potential consequences. These predictions of future environmental changes are based on information derived from assessments of current and historic environmental data using the Assess service (see Section 4.3). Virtually every service NOAA provides and every resource management decision it makes is dependent on, or would be improved by having available reliable, timely, and accurate forecasts of change caused by the interaction of natural and human processes.
The Predict service supports the generation of products and services that provide long-term forecasts of environmental phenomena, such as:

· Air quality forecasts

· Aviation weather forecasts

· Climate change forecasts (regional, national, international)

· Ecosystem forecasts

· Fire weather forecasts providing improved time and space resolutions

· Hydrologic forecasts

· Marine forecasts

· Severe weather

· Space weather forecasts

· Tropical cyclone forecasts

· Winter weather forecasts

The Predict service also supports the generation of watches and warnings of changes in environmental conditions, based on short-term forecasts of environmental phenomena, such as:

· Air quality watches and/or warnings

· Aviation weather watches and/or warnings

· Fire weather watches and/or warnings

· Hydrologic watches and/or warnings

· Marine watches and/or warnings

· Severe weather watches and/or warnings

· Tropical cyclones watches and/or warnings

· Winter weather watches and/or warnings

· Space weather watches and/or warnings

Benefits of more accurate, comprehensive, timely, and useful predictive information include better baselines and improved calibration of data measuring environmental health, reduced losses due to disasters, and improved support for sustainable resource management. The improved predictive information and decision support products will also contribute to success in achieving ecosystem, climate, and transportation mission goals. The products and services that provide these predictions of environmental changes are disseminated to the public, individuals, partners, communities, and industries as described in the Inform the Public service (see Section 4.8).

To support Ecosystem Management, NOAA will implement models and integrate data sets to predict the future state of ecosystems and the causes for ecological changes. NOAA will also predict the future changes in populations of protected fish species. NOAA will build, improve, and apply its capabilities; e.g., to operationally model and forecast all mission critical aspects of the oceans, coastal waterways, and the Great Lakes. This includes biological-chemical-physical models of the coupled ocean-atmosphere and climate system on global and regional scales; physical models of coastal and Great Lakes systems; ecosystem models of estuarine, coastal, and Great Lakes systems; and bio-physical models of fisheries-environment interactions. NOAA will have the capability to identify and map sensitive resources and areas, evaluate the risk and vulnerability to coastal communities and natural resources, forecast the movement of spilled oil and chemicals, and recommend cleanup actions to expedite recovery. NOAA will have developed methods to characterize and detect marine contaminants, biotoxins, and harmful algal blooms, and predict their effects on marine species and habitats.
To provide decision makers with reliable, objective information in support of the Climate and Climate Change goal, NOAA will use a comprehensive observing capability to support development of climate products and services that help NOAA predict climate and climate change. Measurable outcomes indicating progress in improving current capabilities to achieve the climate mission goal will include:

· Improved skill of climate variability forecasts

· Reduced uncertainty regarding long-term climate predictions, as measured through improvements to climate change models and increases in the range of their application

· Reduced uncertainty in the estimation of the U.S. terrestrial carbon sink

· Increased use and effectiveness of climate observations to improve long-range climate, weather, and water predictions
· Increased use and effectiveness of climate information for decision makers and managers
· Increased use of the knowledge of how climate variability and change affect commerce
It is estimated that 42% of the Gross National Product is weather and climate sensitive. Observation and prediction capabilities such as seasonal forecasts improve management decisions that have billion dollar impacts. Energy generation and distribution infrastructure changes, possibly required to address the climate change and variability challenge, are estimated to cost trillions of dollars. Science-based knowledge will enable cost-effective risk management. To reduce uncertainty and increase the economic benefits to the Nation from NOAA’s forecast and warning capabilities to support the Weather and Water goal, NOAA will improve the performance of its suite of weather and water, air quality, and space weather prediction capabilities. Rapid and reliable dissemination of warnings and predictive information concerning potentially hazardous weather and water-related events increases preparedness of emergency and transportation managers and the public, and can mitigate potential losses.
In the future, NOAA will have the capability to predict the response of natural, economic, and social systems to extreme weather and water events. Prediction and preparedness support preventive actions to improve safety and to protect public health and the environment. This enables improved management of oceans and ecosystems and lowers economic risk and property loss from extreme water, weather, and air quality events. Estimated benefits for improving extended weather forecasts exceed $300B. In addition, predictive forecasts and analyses along with a comprehensive NOAA database of observations and predictions would provide critical input for decision makers who have the responsibility of ensuring the Nation’s safety and economic health.
To support the Commerce and Transportation goal, NOAA will develop and implement sophisticated prediction capabilities to support decisions on aviation, marine, and surface navigation efficiencies; coastal resource management; and transportation system management, operations, and planning. Enhanced capabilities include improved detection of hazardous weather and short-range weather predictions of surface, marine, and aviation transportation hazards through model development and technology demonstration. There will be an increased percentage of major U.S. ports where oceanographic “nowcast” (present conditions) and weather and marine forecast models are implemented. There will also be increased accuracy and use of weather and marine forecasts to increase the efficiency of all land, water, and air transportation systems.

NOAA can leverage its capabilities more efficiently by focusing on the intermodal choke points that amplify congestion down the transportation line. For example, ships delayed outside a port because of uncertain weather and depth conditions impact the shoreside port terminal struggling with limited container storage. Trucks waiting for the delayed cargo lose time and money burning up fuel, and impede traffic with unscheduled movements dictated by weather conditions. Airports are overloaded by the crush of planes delayed by weather and visibility. Through enhanced predictive capabilities, NOAA can ameliorate all these situations, thereby making a significant contribution to improved safety and efficiency and reduced environmental impact of the transportation system. Some other potential actions NOAA can take include:

· Provide more accurate surface, air, and marine weather and sea ice forecasts, as detailed for safety needs in The Office of the Federal Coordinator for Meteorology’s 2002 Weather Information for Surface Transportation Report
· Reduce the risk of marine accidents and oil spills, and improve search and rescue capabilities—several National Academy of Sciences reports highlight gaps in emergency response on spill prevention and response and search and rescue. Improved forecast and positioning information and services could save over $300 million a year around the Nation’s coasts
· Improve aviation forecasts, which is a consistent theme of the 12 recommendations to enhance system capacity and improve flight safety in the 1994 National Research Council’s report “Weather for Those Who Fly”
· Provide real-time and forecast information about water levels and currents for cargo ships that use U.S. harbors. Every additional inch of draft allows ships to carry more cargo, resulting in thousands of dollars in additional revenue for each shipload due to increased cargo capacity
· Improve positioning techniques for surface transportation use—just-in-time delivery systems use accuracies derived from the Global Positioning System to produce efficiencies in cargo tracking and movements
4.5 Understand

The Understand service refers to the process to achieve a grasp of the nature, significance, or explanation of how natural systems work together through investigation and interpretation of information. For example NOAA conducts research to understand the ecological and biological population aspects of protected species as a basis for sound management decisions.

In support of the Ecosystem Management goal, NOAA will characterize coastal, ocean, and Great Lakes resources and conduct research to understand the linkages among the resource components and processes and human impacts on them, and use this information to develop new tools and techniques to facilitate sound management decisions. This increased understanding includes ocean, coastal and Great Lakes areas explored, mapped, characterized, and inventoried; number of impacted human coastal communities where sufficient data exist to analyze and understand the economic and social benefits, costs, and impacts of management decisions; number of techniques and tools that can be used to restore and protect ocean, coastal, and Great Lakes resource; and number of marine resources potentially available for commercial use (e.g., pharmaceuticals, aquaculture species for human uses).

In the future, NOAA will be able to characterize and assess Great Lakes, coastal, and ocean ecosystems and resources through exploration, mapping, and researching of unique habitats and their associated organisms within the U.S. EEZ, such as shallow and deep water corals, hydrothermal vents, and methane hydrates. New tools and techniques will be used for ecosystem forecasting, exploration, and research to restore and protect ocean, coastal, and Great Lakes resources. NOAA will have enhanced capabilities to understand and explore Great Lakes, coastal, and marine ecosystems, to allow NOAA to inventory, characterize, and map MPAs, coral reefs, and submerged cultural resources. An advanced understanding of issues involving marine mammals and other protected species (e.g., strandings and multiple deaths) through morphological evaluations, biochemistry, chemistry, and genetics will support the maintenance and recovery of protected species habitats. There will be an improved understanding of habitat-ecosystem health linkages and the role of habitat in fish productivity, resulting in an enhanced ability to adequately protect and restore key habitats of our fishery resources.

In support of the Climate and Climate Change goal, NOAA will work with national and international partners to increase understanding of the dynamics and impacts of coupled atmosphere, ocean, and land systems through research on climate variability and change. New capabilities for understanding climate change will focus on reducing the uncertainty in estimates of the climatic impacts of aerosols, carbon, and stratospheric and tropospheric ozone; the evaluation of feedbacks in forcing climate; and the effect of climate processes on the Earth’s surface, including marine ecosystems. NOAA will conduct research looking toward decreases in the degree of uncertainty of climate system processes, including radiative forcing, in climate forecast products, and eventual implementation into NOAA operations.
NOAA will invest in new technologies, techniques, and weather and water forecast modeling to increase understanding of Weather and Water related phenomena. NOAA will focus on increasing the number of modeling advances by government and academia and on shortening the cycle times from research to operations (i.e., models, technology, and techniques) through the use of testbeds and other methods to improve the NOAA operational prediction suite. Enhanced capabilities for understanding weather and water will result from the validation and improved performance of weather and air quality prediction models, as well as a seamless suite of products and services that fill the gap between weather and climate forecast techniques. NOAA will have an enhanced understanding of the impacts of regional weather, water availability, and extreme events on the coastal region through improved integration of terrestrial, meteorological, and oceanographic information. 
In support of the Commerce and Transportation goal, NOAA will increase its understanding of aviation, marine, and surface navigation efficiencies; coastal resource management; and transportation system management, operations, and planning to support development and application of new technologies, techniques, and models. For example, NOAA will apply this understanding to increasing efficiencies and accuracy of the Global Positioning System through the application of innovative technologies; increasing capabilities of data acquisition technologies, processing, and analysis; and development of viable alternatives to ballast water exchange to prevent the introduction of exotic species to U.S. coastal waters.
4.6 Describe

The Describe service refers to the activity to represent or give an account of in words, figures, models, or pictures for how natural systems work together. For example, the Describe service raises the awareness of the stakeholders and public at large to work together to ensure the sustainable use of the earths resources and environment.
In support of the Ecosystem Management goal, NOAA will conduct research to increase the number of ecological and biological population aspects of protected species currently described. Used as a basis for sound management decisions, these descriptions will include increases in number of protected species where the biological and ecological factors related to population abundance are adequately understood for management purposes, increases in number of protected species whose habitat or other environmental conditions are adequately understood for management purposes, and increases in number and adequacy of techniques and tools that can be used to restore and conserve protected species. For example, NOAA will conduct research to describe the ecological and biological aspects of fish species and social and economic impacts as a basis for sound management decisions. This includes increased number of fish species where the biological and ecological factors related to population abundance are adequately understood for management purposes, increased number of fish species whose habitat or other environmental conditions are adequately understood for management purposes, and increased number or adequacy of techniques (including stock enhancement) and tools that can be used to restore and conserve fish species.
In the future, enhanced NOAA capabilities will include improved descriptions of ecological features of fisheries biology and habitats to support management of marine fisheries, and to determine the efficacy of conservation techniques. New tools and technology will support increased accuracy of fish stocks and by-catch reduction estimates. Also, improved descriptions of essential fish habitats such as environmental sensitivity index maps, and emerging diseases for economically important fish species, will support the maintenance and recovery of fish habitats and help replenish fisheries stocks.

In support of the Climate and Climate Change goal, NOAA will work towards providing a comprehensive description of coupled atmosphere, ocean, and land system dynamics to support understanding and predictions on impacts of climate variations. In the future, NOAA will have new and improved physical descriptions of climate processes and measurement methods for prediction and projection models that fills the gap between weather and climate forecast techniques, leading to improved modeling of the coupling of the atmosphere with the Earth’s surface (land, ocean, cryosphere), enhanced understanding of the impact of climate variability and change on intraseasonal and interseasonal time scales, and better characterization of the factors that will determine the recovery of the stratospheric ozone layer.
NOAA will invest in new technologies, techniques, and weather and water forecast modeling to support improved descriptions of Weather and Water phenomena. New and enhanced descriptive products will be generated and distributed to users to help predict and plan for hydrologic and weather-related events to minimize the impacts to health and property. NOAA will have improved descriptions, using graphical, interactive decision aids, of the impacts of regional weather, water availability, and extreme events through a seamless integration of terrestrial, meteorological, and oceanographic information.
To support the Commerce and Transportation goal, NOAA will provide customers with a complete and accurate picture of the environment that can be used to promote safe, efficient, and environmentally sound transportation. These improved products and services will benefit the U.S. transportation system which is so critical to our economy. NOAA will have an improved capability to collect and analyze data, display spatial framework data layers, and model the coastal ocean environment to support a safer, more efficient, and environmentally sound MTS.
4.7 Engage

The Engage service focuses on involving and integrating individuals, partners, communities, and industries to facilitate information flow, assure coordination and cooperation, and provide assistance in the use, evaluation, and application of information. For example, in order to continue to provide critical environmental services to stakeholders and others of the public, NOAA engages with Federal departments and agencies, State and local governments, commercial and public organizations, and international governments and organizations across the Nation and the Globe.
The Engage service is accomplished through a variety of public/private partnerships and cooperative arrangements with external individuals and organizations. Cooperative arrangements continuously expand in all aspects of NOAA’s responsibilities to the public and stakeholders. Through the future use of state-of-the-art technology, national observation and reference systems, and strategic partnerships with key federal, state and local agencies, NOAA will meet future challenges. Example challenges include ever larger vessels, hazardous cargoes and materials, aging facilities and infrastructure, oil and chemical spills, and threats to national security. NOAA partnerships with the private sector are particularly critical to help its operational programs collect data and enhance products required by the MTS user community. The MTS uses some of the Nation’s most valuable natural resources, and therefore it is important for NOAA to minimize the risks to society and the environment inherent in marine transportation.

In support of the Ecosystems Management goal, NOAA will engage State-Federal agencies in partnerships with a focus on strong management and conservation of inter-jurisdictional fisheries resources and coastal ecosystem resources. Improvements will be achieved through routine coordination, monitoring, research and management planning with other marine and environmental management agencies at the inter-regional and national levels. Increases in State funding have facilitated actions by states in accomplishing NOAA recommendations, guidance and regulatory policies in coastal zone management. NOAA provides critical scientific and technical assistance to decision-makers on various issues, such as hazards risk and vulnerability assessment, watershed restoration and coastal zone management, oil and other hazardous releases, and natural resource damage assessment. Through scientific publications, formal and informal needs assessments, training, and workshops, NOAA will provide the data, information, and technical tools that coastal communities need to better manage environmental threats and restore resources. Interaction also includes coastal decision-makers and stakeholders where NOAA assists and advises them so that they can make informed decisions to aid in the recovery of protected species. NOAA will also engage Fisheries Councils, Interstate Commissions, and States to evaluate the extent of bycatch for every fishery management plan, evaluate cost/benefits of bycatch reduction technology, and provide training, public outreach and education to fishers on most effective reduction measures. NOAA will also research and help design new gear technologies and fishing methods to minimize bycatch, increase the number of fisheries with observers, and expand existing programs to provide reliable bycatch estimates. International cooperation is a continuous recurring effort achieving leverage with worldwide organizations where needed.
NOAA will increase formal alliances with major educational institutions such as the National Science Teachers Association, the National Marine Educators Association, stakeholders, K-12 and college students, and the public using a range of routine media and multimedia products where NOAA has created an environmental literate society by fostering a sense of connection with and understanding of the oceans and coasts about the need to protect and conserve ocean and coastal resources among students of all ages. Expanded NOAA communications make its products, information, and people more available to the public, and encourage discourse in areas where NOAA maintains expertise and responsibilities. NOAA will develop technology transfer and education programs to spearhead and assist NOAA outreach efforts, such as collaborative extension programs, related to priority issues. NOAA will also expand the use of technology to streamline the consultation process, improve efficiency of information exchange, and reduce the process time for consultations.
In support of the Climate and Climate Change goal, NOAA will engage in partnerships to increase the coverage and accuracies of numerical weather prediction (NWP) data assimilation and climate monitoring. Joint collaboration between NOAA and extramural partners will provide the public with information on climate and climate-related issues, to include sea-level trends, ecological forecasts, integrated assessments, and improved tropical cyclone analysis and prediction at operational centers. NOAA will inform the public and decision makers on climate change issues through education forums and technical assistance at the local, state, and federal levels.
In support of the Weather and Water goal, NOAA will engage major world wide environmental organizations within and outside of the United Nations Organization where communications and networking smooth operations of the global NOAA enterprise network backbone. The close coordination is particularly important in areas of mitigation and recovery for environmental and disaster situations. NOAA will engage current and potential users of weather, water, air quality, and space weather information to identify future needs. It will expand the use of space weather products by responding to the requirements of users of space weather information through stakeholder interactions and working to meet the identified requirements.
NOAA will increase engagements with commerce and transportation organizations where research and coordination of environmental impacts are driven by necessary efficiencies in expanded global markets and interdependent intermodal transportation. Under the Coastal Zone Management Act and other authorities, NOAA works with port and coastal communities to ensure that port operations and development proceed in efficient and environmentally sound ways. The U.S. economy depends on the safety and efficiency of its transportation system. Impacts to the system affect our lives every day in terms of transit time, delivery reliability, efficiency, cost of goods transported, and a clean environment. Building local decision-making capacity by sharing NOAA’s integrated products and services maximizes the benefits realized from the NOAA observation system. Integrated service delivery and collaborations and partnerships to plan, educate, build local capacity, and transfer technology will also be needed to meet future commerce and transportation needs. NOAA will continue to engage decision makers and partners at all levels regarding marine transportation issues through continual assessments of user requirements and effectiveness of the information and services provided.
In support of homeland security, NOAA’s strategy involves strengthening public and private partnerships and creating partnerships where none exist for building safer communities. The strategy will include objectives by which to measure the nation’s success in achieving the hazard mitigation goals identifying major focus areas such as hazard identification and risk assessment; applied research and technology transfer; public awareness, training, and education; incentives and resources; and leadership and coordination.
4.8 Inform

The Inform service facilitates information flow to the public, individuals, partners, communities, and industries, assures coordination and cooperation, and provides assistance in the use, evaluation, and application of information about our ocean and atmosphere environment. The population increase in the next ten years of over two billion people, a doubling of waterborne commerce and the increased stress on coastal environs brings robust capabilities in providing products, using state-of-the-art dissemination techniques, and efficient delivery of information and education. 

Requirements have expanded due to growing customer demands for data and products, including in real-time. Increased data management capabilities including automated processes for complexity as well as volume of data are the norm as the volume of new data continues to grow. NOAA will routinely ensure that decision makers and the public are well informed; e.g., about safe and wise uses of ocean, coastal and Great Lakes resources, and about factors-especially hazards-that affect environmental health and safety. 
NOAA will improve and expand dissemination capabilities including standardization of common formats and protocols to increase accessibility and availability of weather, water and climate information; increased availability of data and forecast products, and enhanced user interface services. NOAA will inform its customers about environmental issues through advanced delivery systems, e-commerce, and other innovative approaches to ensure that its customers receive products and services in a timely fashion. National and Global data transport capability involves the smooth and efficient collection/transmission of data from sensor subsystems to assembly centers, users, and archive centers in real-time and delayed mode, for operational, research, and product generation applications. For example, external data dissemination capabilities that include: nationwide broadcasts, a one-way communication of NOAA environmental data and information in near-real time to NOAA and external users; and satellite imagery support from robust world wide communications capability. This may include emergency data dissemination that ensures continuous acquisition and dissemination of all NOAA and other domestic and foreign environmental data and products. 

NOAA’s environmental literacy efforts will continue to educate future generations about the changing earth and its processes, provide information to the public by supporting K-12 environmental science programs, fellowships and internships through state and local governments, and adult education. NOAA will provide critical scientific and technical assistance to decision-makers on various issues, such as hazards risk and vulnerability assessment, watershed restoration and coastal zone management, oil and other hazardous releases, and natural resource damage assessment. NOAA will also provides the data, information, and technical tools that coastal communities and decision-makers need to better manage environmental threats and restore resources, and respond to storm warnings and environmental change.
NOAA will provide information to the public to encourage the protection and restoration of protected species and rebuilding and maintaining sustainable fisheries. NOAA will also provide training and technical decision aid tools to coastal decision-makers so they can make scientifically, socially, and economically informed decisions regarding fisheries management.
NOAA will inform decision-makers on climate change issues through education forums and technical assistance at the local, state, and federal levels. Capabilities to accomplish this include a comprehensive national availability of information such as sea-level trends, ecological forecasts, and integrated assessments. 
In support of the Ecosystem Management goal, NOAA provides forecasts to help inform the public. NOAA will improve the quality and quantity of information along with the information dissemination mechanisms to increase public understanding and stewardship of marine and coastal resources. The intent is to improve decision-making for coastal stewardship to mitigate the impacts of natural events and human activities, reduce impacts of natural hazards, enhance communication between scientists and managers, and provide more effective science direction and cross-disciplinary integration. NOAA will accomplish this through improved monitoring and collection of data and information from ocean and coastal observing systems, by focused research to support assessment and restoration of injured habitats, through development and delivery of spatial information and other tools and technologies for decision makers, and by user friendly information dissemination techniques.
In support of the Climate and Climate Change goal, NOAA will ensure that climate information is available to all users to support the application of climate information for health and safety, environmental, economic, and community planning, especially for freshwater supply, water quality, and coastal impacts. NOAA will provide the capability for increasing the volume of NOAA climate data and information used by NOAA customers, increasing the number of new instances where NOAA information is integrated into decision-support and management systems, including fishery management plans, and increasing user satisfaction. NOAA will meet increasing national demands for integrated climate information products and services by converting research advances in a way that supports practical applications. Research to operations will be achieved by supporting regional decision-support mechanisms and producing products for climate analysis and observational studies.

In support of the Weather and Water goal, NOAA will improve information capabilities to support more frequent surface, air, and marine transportation management decisions to mitigate risks caused by severe weather, complex transportation infrastructure development and surface transportation planning, and more thorough emergency preparedness and response to reduce the number and severity of transportation accidents.
In support of the Commerce and Transportation goal, NOAA will improve and grow the MTS. NOAA’s role in supporting navigation services has never been more important as the MTS prepares for exponential growth. The greatest concern for waterway system users is the availability of timely, accurate, and reliable navigation information. Vessels and ports depend on accurate navigation data to help ships safely enter and leave. Without this improved information, commercial ships operate at increasing risk and expense (see 1999 Assessment of the U.S. Marine Transportation System Report to Congress). Over the next 20 years the total volume of goods is expected to double and the number of recreational users is expected to grow by 65 percent to more than 130 million. High speed ferry service and cruise ships currently are experiencing rapid growth. Because over 95 percent of goods (by tonnage) are imported or exported through U.S. ports, it is vital for this economic lifeline to flow as safely and as efficiently as possible.
4.9 Advise

The Advise service provides counsel on a policy or plan of action to individuals, partners, communities, and industries on the use, evaluation, and application of NOAA information. NOAA will work at the national and regional levels and will use advanced delivery systems, such as the Internet and other e-commerce approaches, to advise customers on safety-related decisions, on management of coastal resources, and on improvements to transportation system management.
In support of the Ecosystem Management goal, NOAA will ensure that decision makers are well informed about safe and wise uses of ocean, coastal and Great Lakes resources, and about factors, especially hazards, that affect environmental health and safety. NOAA will also endeavor to provide state-of-the-art tools and techniques needed for effective resource management. The intent is to increase the percentage of resource consultations that result in “no net negative impact”, and that increase the percentage of coastal communities and coastal inhabitants aware of, and acting appropriately to minimize their impacts on ocean, coastal and Great Lakes resources.

NOAA will also ensure that decision makers and the public are well informed about the condition of, and adverse effects of human interactions with, protected species. The hope is that increased early coordination with applicants on protected species consultation issues will encourage conservation measures that can be incorporated into the activity, resulting in fewer adverse conclusions of biological opinions.
NOAA will ensure that decision makers are well informed about the health of fish species and impacts of fishing or other activities on fish species. NOAA will also endeavor to provide
· state-of-the-art tools and techniques needed for effective resource management
· increased percentage of essential fish habitat consultations that result in “no net negative impact”
· increased percentage of coastal inhabitants aware of ways to reduce adverse human impacts on fish and acting appropriately to conserve fish species
· increased number of NOAA technologies and techniques that have been transferred for appropriate resource use and managed species conservation to state and local managers, as well as to the public
In support of the Weather and Water goal, NOAA will promote appropriate responses to hazardous weather- and water-related conditions, in order to enhance human preparedness. NOAA will also provide information to support effective air quality decision-making; e.g., plans/responses to local air quality monitoring and forecast programs.

NOAA’s services in support of the Commerce and Transportation goal do not end where the ship meets the shore. The Nation’s intermodal transportation network is an essential lifeline that connects every part of our Nation, and therefore is the backbone of the U.S. economy. The growing strain on landside intermodal connections is already evident and is expected to increase. Under the Coastal Zone Management Act and other authorities, NOAA will work with port and coastal communities to ensure that port development and operations proceed in efficient and environmentally sound ways. NOAA will help guide port improvements such as dredging projects, construction of waterfront intermodal facilities, and conversion of abandoned industrial properties (brownfields) to productive port facilities that help reduce costly port congestion and delays. This advice could be provided in the form of an increased percentage of charts available in the state-of-the-art Electronic Navigational Chart format; increases in the number of ports with plans, procedures, policies, and best management practices that minimize the environmental consequences of port operations and development; increased number and timeliness of responses to spills and other hazards threatening coastal environments and communities; or increased user satisfaction with NOAA information within the transportation and coastal management sectors.
4.10 Manage Marine and Coastal Ecosystems

The Manage service refers to the action of exercising executive, administrative, and supervisory direction to optimize benefits of coastal and ocean resources to the environment, the economy, and public safety. NOAA manages and controls the Nation’s marine sanctuaries, research reserves and other areas that need a guiding hand in preservation and usage. Ecosystems are vulnerable to environmental (i.e., geophysical, chemical, biological, and ecological) impacts. Data and information from NOAA programs and its partners assist managers and policymakers in evaluating new discoveries and resource conditions, taking management actions when necessary, and assessing the impacts of management strategies. For example, if managed properly, accurate and timely predictions of weather and water conditions can reduce the vulnerability of these habitats.

Ecosystem management requires a host of observing functions, particularly within coastal regions and the continental shelf. The observing systems need to be coordinated to collect environmental, ecological, and infrastructure data and to provide products and services efficiently. The effectiveness of collecting and applying the large and diverse set of environmental data types needs to be measured in order to coordinate and manage the observing systems. For example, nationally it makes sense for NOAA to locate networked observation systems for fisheries throughout the coastal zone at a density commensurate with the user needs and system resources. The information collected can be used to develop stock assessments and other scientific reports for presentation to fishery managers, industry groups, and the public, allowing sound policies to be formulated regarding the long-term protection and sustainable use of U.S. living marine resources. However, fisheries around the Nation are distinctly different from one another due primarily to the disparate life histories, biological characteristics, and physical habitats of the targeted species. Harvest regulations and strategies (e.g., size and biomass limits, gear restrictions, time and area closures) are therefore tailored to the unique issues and challenges posed by each distinct target population, and as such are regional in nature. In other words, a “national framework” for fisheries management may not be the best-fit approach; therefore regional guidance will be required.
 SEQ CHAPTER \h \r 1NOAA currently develops and implements plans, regulations, permits, and enforcement activities for the protection, restoration, and wise use of ocean, coastal, and Great Lakes resources; for the conservation and restoration of protected resources; and for the conservation, rebuilding, and wise use of fish species. In the future, NOAA will increase the focus and magnitude of these efforts. NOAA will evaluate the linkages between human activities in the landscape, the health of aquatic habitats, and the viability and productivity of fish populations. Also, through monitoring the environment, NOAA will measure the effectiveness of their management activities using observed data to promote sustainable fish populations, particularly in the coastal zone, Great Lakes, and estuarine and ocean MPAs.
For coastal, ocean, and Great Lakes areas, NOAA will increase the percentage of areas for which management, restoration, and response plans have been successfully developed and implemented in conjunction with NOAA’s international, Federal, state, local, and tribal partners. NOAA will also increase the number of invasive species under control, and increase the number of acres and stream-miles of habitat restored for ocean, coastal, and Great Lakes resources. For protected resources, NOAA will increase the number of protected species for which management, restoration, and take-reduction plans have been successfully implemented, and increase the number of acres and stream-miles of habitat that have been restored for protected species. NOAA will also increase the number of protected species being recovered or maintained at optimum population levels, and improve the management of protected resources toward recovery and sustainability through updated recovery plans and technology development and transfer. For fish species, NOAA will increase the number of over-fished species with rebuilding plans that are in conformance with rebuilding schedules; increase the number of acres and stream-miles of essential fish habitat that have been restored; and increase the number of fisheries where the harvest capacity is consistent with sustainable fish populations.
New partnerships will be established to fully integrate data on watershed impacts and data on marine resources into the decision-making process affecting coastal ecosystems. Processes and incentives to encourage these interactions and partnerships will have to be developed. The social and economic implications of this new mode of governance on coastal and inland communities will need to be fully assessed, and methods developed to minimize the costs of management action. The ability to predict the outcome of management actions on all components of ecosystems, not just the targeted resources, is critical.
4.11 Regulate Fisheries and Commercial Space-Based Remote Sensing

The Regulate service covers NOAA’s activities to govern, or direct under a rule or law, or bring under control based upon law, fishery and commercial space-based remote sensing activities. NOAA regulates fisheries, licenses and regulates the U.S. commercial remote sensing space industry, and contributes to regulations in support of homeland security.
NOAA will continue to regulate fisheries to limit the negative impact of overfishing by improving/streamlining regulatory operations, improving management policies and programs including capacity reduction (fewer, smaller fleets via management systems that allocate rights to harvest shares and/or buybacks), and providing financial assistance to fishermen in transition. The statutory goals will continue to evolve from reducing foreign fishing and increasing domestic capacity, to reducing domestic capacity and rebuilding overfished stocks. To be successful, NOAA will require modernized enforcement to maximize compliance, ensure economic viability for stock enhancement, and coordinate international cooperation where needed.
NOAA will also continue to develop policies to balance fishery food supply and non-consumptive uses in a shared regulatory environment with states, Regional Councils, Interstate Commissions, and international management authorities. Through the Coastal Zone Management Act (CZMA), NOAA develops state capabilities to plan for and manage the impacts of climate change, and protects key estuarine areas designated within the National Estuarine Research Reserve System. Through the National Marine Sanctuaries Act and the Coral Reef Conservation Act, NOAA protects and conserves coral ecosystems in the context of a changing climate. To manage these resources under NOAA’s authority and to assist the states in managing their coastal resources under CZMA, NOAA will provide information and capabilities to measure (in high resolution), predict, and assess the impacts of climate variability and change to a regional and local scale.
At the same time NOAA must continue to regulate important fisheries species and their habitats in estuarine and ocean MPAs. Recognizing the importance of fish habitat to the productivity and sustainability of U.S. marine fisheries, Congress added new habitat conservation provisions to the 1996 Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA). This Act mandates that NOAA identify essential fish habitat for managed species as well as measures to conserve and enhance the habitat necessary for fish to carry out their life cycles. NOAA will use special management zones, including “no-take” marine reserves, within larger, multiple-use MPAs, such as National Marine Sanctuaries, to allocate uses spatially and temporally using data and information from the volumetric characterization of the MPA to improve the sustainable use of a wide variety of marine resources. New fisheries data and models will support a streamlined regulatory process to simultaneously resolve the multiple mandates of the MSFCMA, ESA and MMPA (see Appendix B), as well as state-federal and international science and policy obligations.
The 1992 Land Remote Sensing Policy Act established DOC/NOAA as responsible for licensing of U.S. companies to operate private space-based remote sensing systems; this was reiterated under U.S. Commercial Remote Sensing Policy, April 25, 2003. The U.S. Government reviews the U.S. space policy to adjust to the domestic and international developments that affect U.S. space capabilities. The fundamental goal of U.S. commercial remote sensing space policy is to advance and protect U.S. national security and foreign policy interests by maintaining the nation's leadership in remote sensing space activities, and by sustaining and enhancing the U.S. remote sensing industry. Doing so will also foster economic growth, contribute to environmental stewardship, and enable scientific and technological excellence in support of a healthier, more secure world where comprehensive data and information products are directed towards the peoples of the world. In support of this goal, NOAA will develop a long-term, sustainable relationship between the U.S. Government and the U.S. commercial remote sensing space industry, provide a timely and responsive regulatory environment for licensing the operations and exports of commercial remote sensing space systems; and ensure appropriate measures are implemented to protect U.S. national security and foreign policy interests.
The future of space policy will see an exponential expansion of complexity and need for spaced based platforms as applications and capabilities grow with clear links to societal needs such as human health, safe transportation, and emergency management as well as many others. NOAA will continue to expand consultations in response to the overwhelming demand for space-based operations to meet a growing global society. Over 150 missions planned for the next 15 years will be applied to a diverse range of research, operational and commercial activities. The future of regulation may also include bringing order and organization to climate sensing and ecosystem management initiatives as the data and information from the Climate Reference Network, Global Earth Observation networks, other worldwide sensors and the large increase of satellite observations dedicated to climate and environmental studies grows.

The Department of Homeland Security (DHS) is responsible for establishing a national policy for Federal departments and agencies to identify and prioritize United States critical infrastructure and key resources and to protect them from terrorist attacks. The comprehensive, integrated National Plan for Critical Infrastructure and Key Resources Protection outlines national goals, objectives, milestones, and key initiatives. NOAA supports the regulations of DHS and will continue to monitor and observe our nations coasts and waterways to provide critical data and information to strengthen the preparedness of the United States and support responses to threatened or actual domestic terrorist attacks, major disasters, and other emergencies. NOAA, through a robust and rapid coordination capability, will contribute information and emergency response to assist in establishing mechanisms for improved delivery of Federal preparedness assistance to State and local governments, and outlining actions to strengthen preparedness capabilities of Federal, State, and local entities.
4.12 Manage Operate Platforms for Monitoring and Observing

The Manage service covers activities associated with the operation and maintenance of the operational platforms that NOAA uses to deploy an array of global sensors that work together to provide data needed by scientists. These platforms include air platforms (e.g., balloons, aircraft, and unmanned aeronautical vehicles (UAVs)), space platforms (e.g., polar, geostationary, and medium earth orbit satellites), and water platforms (e.g., buoys, surface ships, and submarines). NOAA’s required capabilities to ensure availability of these platforms include program management, scheduling, day-to-day operations, maintenance, sustaining activities, and engineering. Sustaining covers both product improvement and new acquisitions to provide existing functions; engineering oversees development for new or expanded functionality.
NOAA will look to consolidate future operational platform management (equipment, systems, and personnel) and look for opportunities to use commercial providers that can provide data for research on local, regional, and global environmental change; and can support services and data products for weather, climate, and hazard response and agriculture, transportation, and infrastructure planning and monitoring. However, NOAA must ensure the continued availability of environmental and national security data to users. This includes developing cooperative activities to ensure continuity of data sources, primary and contingency operation to ensure availability of source data (e.g., in times of war), and redundant systems to ensure continuity of products to users. Also, NOAA has been directed not to commercialize its weather satellites by the Land Remote Sensing Policy Act (Public Law 102-555); Section 5671 states: “Neither the President nor any other official of the Government shall make any effort to lease, sell, or transfer to the private sector, or commercialize, any portion of the weather satellite systems operated by the Department of Commerce or any successor agency.” Therefore NOAA will work within the framework of this constraint and seek partners within and outside of the government to continue to support the environmental satellite data collection needs of the nation.
NOAA will increase the number of platforms for data collection at sea; primarily in the fisheries arena where acoustically quiet vessels with the necessary lab space, berthing space and research capability are not available in the commercial fishing or academic fleets. It is anticipated that numbers of aircraft and marine transportation platforms will also increase to respond to the growing need for environmental data and products. For example, new and growing users of bathymetric mapping want to acquire depth data in all project areas, particularly within the EEZ. All data would be used to update NOAA nautical charts as well as to provide bathymetric data to the NMFS, National Marine Sanctuary (NMS), and any other government office that may need this data. 
4.13 Steward Environmental Data

The Stewardship service encompasses data collection, monitoring of observing program performance, generating long-term records related to product development, data quality control, data and information distribution and access, and long-term permanent archiving. Stewardship capabilities are central to managing data from observing systems to preserve and exploit the full scientific and economic value of NOAA’s environmental data. For example, extensive scrutiny, quality control, adjustment, and analysis are applied to NOAA’s in situ weather observations to create the confidence in the quality of data that allow decision-makers to use them. NOAA’s data management programs and their world-wide clientele of customers look to these capabilities and NOAA’s data stewardship to provide the complete and permanent, secure storage and safe, efficient distribution, access, visualization, and data delivery. For example, NOAA will make use of observations from past, present, and future platforms including paleoclimate records from the past.
NOAA envisions a public with access to information and tools making informed choices to protect life and property, manage the Nation’s living marine and coastal resources, and foster global environmental stewardship. These services to the Nation will be provided through the effective application of modern, proven techniques and technology. Data management also supports NOAA’s process to inform and inspire educators and students, and become a nationally recognized source for reliable and accurate marine science education materials.

A key component of NOAA’s outreach efforts and dissemination function is to provide data and information in all forms through an enterprise process, particularly in a geographical representation that allows users to pose complex queries of a geospatially-enabled database, resulting in easily interpretable maps of information. The core principles for a NOAA data management enterprise build upon existing standards and efforts, most importantly interoperability standards and protocols. The success of these efforts is dependent upon cooperation and collaboration between different agencies of the Federal Government, and between the federal, state, and local governments and the private sector (e.g., utilities). Improved data management will allow a variety of current and archived data to be used efficiently and effectively; significant efforts are necessary to generate appropriate metadata for a large scope of complex data sets, from biological to acoustical, to large volumes of satellite data. New, efficient, and robust data management capacities will be able to handle new and different kinds of data, of higher quality, and make them more readily accessible. This will support the creation of new models and assessments that focus on synthesis and prediction. Using these tools and techniques, the agency can simultaneously consider multiple objectives, identify risks and factor in uncertainty, and integrate and accurately forecast the cumulative human and environmental/ecosystem impacts of policy choices. These data and models are the key to supporting a new streamlined regulatory process (see Section 4.1.11on Regulation). 
A large portion of the Nation's current archive of environmental data is stored and maintained by NOAA. NOAA’s future data handling capacity will increase exponentially to handle increased volumes of data from operational platforms. Plans for NEXRAD, GOES, Polar-orbiting Operational Environmental Satellites (POES), National Polar-orbiting Operational Environmental Satellite System (NPOESS), ocean and terrestrial video from throughout NOAA, and numerous in situ observation programs will increase the total data volume to more than 140 petabytes. By 2020 the large data volumes will drive the data-handling capacity into a stand-alone capability, which is fully operational and managed at the enterprise level. The capability will be essential for efficient management of high volumes of data critical to climate change programs and the scientific community, and will enhance NOAA’s capability to predict and assess decadal to centennial climatological changes.
NOAA will ensure that climate data observations are processed, archived, and distributed to users in a manner that is scientifically defensible for monitoring, describing, understanding, and assessing and predicting climate variation and change. Resulting products and services will provide decision makers with reliable, objective information to improve their management of factors affecting the global climate and the accuracy of intraseasonal and interannual climate forecasts at regional, national, and international scales. For example, climate quality data are invaluable in learning more about the floods, droughts, heat and cold temperature extremes affecting us all. The data are also used in agricultural planning and assessment, engineering, environmental-impact assessment, utilities planning, and litigation; and the data plays a critical role in efforts to recognize and evaluate the extent of human impacts on climate from local to global scales. 
NOAA will provide additional sub-surface ocean ecological observations in space and time in the US EEZ and coastal areas that are critical to other NOAA stewardship resources, i.e. federal fisheries, marine mammals, endangered species and sanctuaries. NOAA has the full use of its platforms to make these observations, and as a result of a full capacity of platform assets along with the available partner assets, creates a need for additional and concomitant data management and analysis capacities. NOAA will also invest in technology development and ecological process research capacities to increase the efficiency and reduces the cost of current data acquisition technology and design. These two functions, data management and technology and process research capacities, will combine to deliver a significant storehouse of data for decision-makers in government and the public.
5 Examples of Operational Scenarios

This section provides brief example scenarios of how NOAA programs work through a service enterprise to provide information and guidance to stakeholders and the public. Data and analyses are integrated across NOAA to support customers and the NOAA Strategic Goals. In future years, NOAA’s operations will center on the societal needs of supporting human health, providing information to mitigate and recover from disasters, understanding and predicting changes in the Earth’s environment, and conserving and managing coastal and marine resources.
5.1 Scenarios Supporting the NOAA Goal of Protecting Ecosystems by Managing Coastal and Ocean Resources
Ecosystems and their habitats provide organization for animal and plant life in our world. Their protection and sustainable use have become crucial to our way of life. NOAA information enterprise provides complete data for the task of ecosystem management and regulation using the following examples.
5.1.1 Protection of Coral Reefs Using NOAA Data to Analyze Long-Term Change

The Flower Garden Banks Reef, located 105 miles south of the Texas/Louisiana border, is one of the National Marine Sanctuaries whose ecosystem requires special protection in the year 2015. The amazing biodiversity and beauty of the Flower Gardens attracts researchers and scientists from around the world and many recreational divers. A researcher wants to understand and predict the long-term health impacts affecting the Flower Gardens and other coral reefs, as well as their ecosystems, by assessing historic biological and environmental data, specifically coral growth rates and water temperature that have been collected through a long-term coral reef monitoring program. Archived data concerning the Flower Garden Banks Reef specifically and coral reefs in general, are maintained in an integrated, decentralized collection of databases that are part of an effective database management infrastructure that allows multiple access mechanisms, including one or more common, standardized data portals. Data are accessed trough a dense network of sensors that measure regional to microbiological parameters to observe and monitor the parameters for the researchers needs. 

A national coordinated, long-term monitoring effort for U.S. coral reefs is linked strategically to ongoing worldwide monitoring efforts. Monitoring focuses on priority habitat issues for reefs of particularly high value. The amount of data and its variety allows many hypotheses to be investigated, leading to improved assessments of the status of the Flower Garden Banks Reef and predictions of future long-term changes. The following parameters are measured:

· Air temperature

· Sea surface temperature

· Subsurface temperature

· Salinity

· Turbidity/total suspended solids

· Bottom sediment type

· Nitrogen

· Phosphorus

· Dissolved oxygen

· Chemical contaminants from area sensor grids
· Sediment discharge load

· Chlorophyll a, phytoplankton pigments and/or ocean color

· Attenuation of photosynthetically active radiation

· Habitat extent and change and coastal characterization and infrastructure data of MPAs

· Observational data of coral growth rates; including areas of coral bed reconstruction.

· Vessel traffic patterns

NOAA wide efforts combat coral diseases which can occur in response to biotic and abiotic stresses detected from data available through NOAA observing systems. This information helps NMFS researchers to understand better the causes of diseases, including the role of microorganisms and the relationship of biotic and abiotic stressors. The researcher accesses a metadata repository and is quickly able to retrieve data collected and maintained by many different government agencies, research institutions, and commercial and private sector organizations that help describe coral reef ecosystems and support enhanced understanding of the factors that affect their long-term health. 

In partnership with DOI, NOAA mapping of the U.S. coral reefs using aerial photographs of the near shore waters are used to locate the region’s marine resources including coral reefs, seagrass beds, mangrove forests, and other important habitats for fisheries, tourism, and other aspects of the coastal economy. Benthic habitat maps are produced directly in a GIS using visual interpretation of scanned aerial photographs, and a classification manual documents the specific methods used in image interpretation and habitat classification.

This environmental data accessible from NOAA allows government agencies and the public to integrate information related to the survivability of coral reefs and their ecosystems. This data and its products will allow researchers to monitor, observe, assess, predict, and understand climate and interactions with the environment as well as develop new enzymes and compounds for new drugs. The impact of multiple hurricanes to the Flower Garden Banks and Florida’s coral reefs while deteriorating some areas of the coral brings nutrients to the areas. The analysis of the long-term data collection allows the researchers to address changes from storms and manage the coral reefs including planning designations of new marine protective areas. The data can also be used in managing other marine and coastal ecosystems.

The large coastal characterization database allows the picture of the complex and dynamic coastal environment to develop. In using the end-to-end process of collecting observation data to analyzing the long-term change of coral reefs and ecosystems provided by NOAA, the researcher is able to use the data to enhance and prolong the life of the world’s coral reefs and their ecosystems.

5.1.2 Fisheries Management Data and Harmful Algal Blooms 

This scenario describes the integration of coastal fisheries management data with habitat conservation information, to support Harmful Algal Bloom (HAB) assessments and forecasts.
Outbreaks of HABs are affecting the fishing industry and public health along the coast. The Local, State, and Federal agencies are concerned for the health and safety of the community. The possible contamination of fish restricts the sale of seafood to the public and restaurants. Beaches are closed to keep the public from swimming in the polluted waters. For impact mitigation, there is a great need for up-to-date biological and oceanographic data. Satellite and in situ data from NOAA wide observations are both important in monitoring and assessing HABs along with predicting the growth and movement of the bloom. New technologies allow data to be gathered which measure the concentration stage of growth of the HAB. This data along with nutrient concentrations, ocean color, satellite imagery, and wind direction are used in the analysis of the bloom’s existence.

HABs have increased in frequency and duration over the last few decades both nationally and worldwide. Many aspects of the understanding and research of HABS depend upon long term data that feed the following efforts:

· gaining a fundamental understanding of what and how HABs are initiated and how the toxins are produced and move through the food web
· developing simple, sensitive, and reliable detection and analytical methods for the toxins and the specific HAB species that produce the toxins exists

· understanding how marine biotoxins are taken up and retained for long periods in many fish and shellfish, conducting toxicology studies to understand how these toxins are bound, eliminated, and whether they have behavioral or other toxic effects

· gathering data on past occurrences of HAB events to formulate information about potential trends that might be correlated with other environmental conditions
Delivery to potential users like Local, State, and Federal response teams and non-governmental groups that routinely protect our nation's coastal resources, a ‘real-time’ data service for focusing limited public and private capabilities to ‘resolve’ the problem is provided through NOAA. This focused resource capability allows coordination among disbursed state staff and saves time in responding to a HAB outbreak. All resources are then focused on the task, versus only a portion of a response network that happens to be in the vicinity of a spatially wide monitoring effort. By monitoring HABs through the use of the end-to-end information service enterprise provided by NOAA, the information gathered and products derived can be used to:

· warn fishermen where HAB areas could potentially occur

· alert the public of hazardous beach and swimming areas

· determine movement of current blooms

· predict future HAB occurrences

5.1.3 Coastal Management and Protecting Coastal resources

As a trustee and steward of the nation’s marine environment, NOAA is keenly aware of the daily threats to coastal resources. At the same time, in the movement of the nation’s imports and exports our ports must remain competitive, by enabling our ships to move safely and efficiently through coastal waters. NOAA’s information enterprise services support both economic growth and environmental protection. 

In future years NOAA’s assistance to coastal zone managers from states and commerce leaders has matured to provide them with tailored decision aides and high resolution data and imagery. NOAA electronic charts are routinely used in GIS for a variety of environmental purposes. Water-level, current information and weather forecasts are ensuring the success of wetland restorations along the entire US coast. Accurate shoreline data is consistently available from NOAA portals along with historical data to predict change and provide the means for analysis and erosion studies. NOAA experts assist ports to make decisions regarding infrastructure and operations by identifying vulnerable environments and opportunities for watershed restoration. 

5.2 Scenarios Supporting the NOAA Goal of Understanding Climate Variability and Support 

Understanding climate is critical to our daily lives, from short term data collection to long term forecasts impacting our planet. NOAA information enterprise provides complete data for the task of understanding and advising the public and environmental managers. The following two examples demonstrate support of NOAA to climate understanding and variability.  

5.2.1 Climate Understanding Using NOAA Data

Throughout time, climate change has affected the coastal environment and will continue to do so in the future. However, human activities and alterations have rendered coastal resources more vulnerable to climate change-induced processes, such as accelerated sea-level rise, alterations of rainfall patterns and storm frequency or intensity, and increased siltation. Climate change and a rise in sea level or changes in storms or storm surges could result in the increased erosion of shores and associated habitat, increased salinity of estuaries and freshwater aquifers, altered tidal ranges in rivers and bays, changes in sediment and nutrient transport, a change in the pattern of chemical and microbiological contamination in coastal areas, and increased coastal flooding. Climate data is integrated from several NOAA climate and weather observation programs. Through the coordination of climate and weather data sharing between federal and local agencies and also public data gathering for coastal-related issues, NOAA and the Environmental Protection Agency (EPA) are able to continuously monitor coastal regions around the nation.

Environmental impact and post-event assessment from a hurricane impacting North Carolina provides an example of the partnership between NOAA and EPA and the use of their climate data. This hurricane caused devastation due to flooding. EPA needs water quality information from the mouth of the Neuse River, NC. EPA submits this request to NOAA and receives all sources related to the climate data sets of interest that have been identified. EPA employees choose which data sources they are most interested in and then use the data in their analysis and output of products. The ready-to-use data provided is used for:

· timely assessment of the impacts of degradation (or improvements) of coastal environmental events/conditions

· investigations into "what if" solutions to coastal and environmental related issues

· determination of risk associated with coastal events or policies
Hurricanes are common events throughout our Nation’s history, and in 2015 their frequency and intensity remains strong. Yet the preparation for and response to hurricanes is vastly improved in the future due in large part to enhanced capabilities achieved through the NOAA information enterprise. The flooding from a future hurricane can result in the destruction of coastal towns and caused pollutants and toxins to spread throughout the region. To assess and understand the full impact of the hurricane, regional agencies request data on water quality information from the mouth of a nearby river and ground samples from surround towns.
The data are collected, transmitted, and stored in decentralized databases, but an effective data management infrastructure allows timely access to the data through one or more common, standardized data portals and information networks. The amount, accuracy, type, and resolution of the data greatly exceed today’s capabilities. The data are used with severe weather models which support assessments and predictions of weather activity. The models are developed, implemented, and maintained by a variety of organizations, such as NOAA research laboratories. The models provide more timely and accurate indicators of the probable formation, intensity, and path of hurricanes and lead to improved hurricane watches and warnings. Model output along with the ready-to-use data provided is used for

· timely assessment of the impacts of degradation (or improvements) of coastal environmental events/conditions
· investigations into "what if" solutions to coastal and environmental related issues
· determination of risk associated with coastal events or policies

The entire end-to-end process of collecting weather observation data before and during a hurricane, to assessing and predicting the intensity and path of a hurricane, to generating products and decision aids to prepare for and minimize the damages from a hurricane, conforms to the NOAA concept of operations and relies on the NOAA capabilities as described in this document.

5.2.2 Climate Variability Product Provided by NOAA Data

It is 2015 and planners are facing many of the same issues that they face today, which require long-range forecasts of climatic conditions as they affect human and ecological activities. Utility companies develop long-range plans for the generation and distribution of electricity and heating fuel, but these plans are highly dependent on the expected amount of heating and cooling degree days in various areas across the country. The accuracy of the estimates of long-term temperature ranges and the resulting demand for power and heat translates directly to cost savings or losses to the utilities, and even the potential for disasters due to failures of the Nation’s utility infrastructure.

Other planners and engineers in 2015 are designing public works projects such as roads and buildings that are subject to potential flooding, just like today. The location of the 50-year and 100-year flood plain is critical to determining construction sites that are less likely to be subject to damages and losses resulting from floods. The exact location of these flood plains is dependent on many hydrologic variables and long-term precipitation estimates. The more precise these long-term estimates of precipitation changes and other climatic conditions affecting flood potential, the better preparations can be made to reduce the losses due to flooding.

Fishery ecologists in 2015 also face increasing pressure to maximize the yield from fish habitats and develop a long-term plan for sustainable fisheries. Many factors must be considered by these ecologists, among them are the climatic conditions that affect ecological variables and the resulting health of fish populations. Long-term predictions of these climatic conditions will allow the ecologists to manage the fish habitats more effectively and efficiently.

In 2015, all these needs for accurate predictions of climate variations are achieved through an integrated network of climate monitoring capabilities, improved long-range prediction models of climate change, and better access to enhanced products to inform and advise decision makers. Utilities have improved internet access to assess highly accurate heating and cooling degree day data for specific locations over long time horizons. Major infrastructure projects such as pipelines and power grids are planned based on detailed and long-term demand predictions, generated from a greater quantity and quality of climate monitoring data compared to today. These data are derived from remote and in situ sensors maintained by many federal agencies as well as organizations and governments ranging from local to international. 

For example, environmental monitoring data concerning the oceans that support climate change assessments and predictions are generated by satellites, a network of floating and moored buoys, ships (e.g., military, commercial, research), and other remote and in situ sensor platforms. The data are stored in decentralized databases, but an effective data management infrastructure allows timely access to the data through one or more common, standardized data portals. The data drives multiple decentralized climatic models that are developed, implemented, and maintained by a variety of organizations, such as NOAA research laboratories. The outputs from the models are seamlessly integrated to support multiple users through a suite of products and services which help to describe and understand the global climate and its variations. The hydrologists and planners who require accurate flood assessment and prediction tools rely on long-range precipitation estimation models that input climate monitoring data through common data access methods. Fishery managers use the climate data as inputs to ecological models and tools to understand and predict the long-term impacts on fish habitats, and to engage, inform, and advise the public on how climate can affect aquatic ecosystems. The integrated network of climate monitoring sensors and the data they generate are consistent with the NOAA information enterprise. By being able to reduce the uncertainty associated with long-range climate variations, the utilities, hydrologists and planners, and fishery managers are able to prepare for future weather and climate changes and limit the losses from extreme or unanticipated weather events.
5.3 Scenarios Supporting the NOAA Goal of Providing Weather and Water Information
Understanding the weather and water movements are critical to our daily lives, from short term data collection to long term forecasts. NOAA information enterprise provides complete data for the task of understanding and advising the public and environmental managers. The following example demonstrates support of NOAA to supplying critical weather information the public.  

5.3.1 Local Forecast and Warning Using NOAA Data

Tornados and other severe cyclonic storms have been common events throughout our Nation’s history, and in 2015 their frequency and intensity remains unabated. Yet the preparation for and response to tornados is vastly improved in the future due in large part to enhanced capabilities achieved through the NOAA observing system architecture. 
In a typical future tornado event, a greatly expanded network of integrated sensors generates timely, accurate, and detailed observation data. These data are collected by a wide variety of remote and in situ monitoring and observation systems owned, managed, and maintained by a host of public and private entities. These systems include many sensor types (e.g., radar, imagers (visual, infrared, etc.), sounders, direct in situ measurements) on different platforms. The variety of platforms include weather satellites operated by federal government agencies (e.g., NASA, NOAA), foreign governments and international organizations (e.g., European Space Agency), airborne platforms (e.g., aircraft, balloons and rockets carrying rawinsondes and dropsondes), and land-based platforms such as weather stations and radar sites. The systems support a capability for long-term, wide-area atmospheric monitoring, as well as a capability for responding to event-driven requests for data by providing short-term, location-specific observation data.

This diverse set of monitoring and observation data are collected, transmitted, and stored in decentralized databases, but an effective data management infrastructure allows timely access to the data through one or more common, standardized data portals and information networks. The amount, accuracy, type, and resolution of the data greatly exceed today’s capabilities. The data drive multiple decentralized severe weather models that are developed, implemented, and maintained by a variety of organizations, such as NOAA research laboratories. These models support assessments and predictions of cyclonic activity that provide more timely and accurate indicators of the probable formation, intensity, and path of tornados. These indicators are the basis for improved tornado watches and warnings.

The outputs from the models are seamlessly integrated to support multiple users through a suite of products and services which help to describe and understand the microclimates and weather phenomena associated with tornadic activities. Because early warning and preparation is so critical to avoiding damages from tornados, the communication of tornado predictions occurs hours before the expected event, and the dissemination of updated products and services to emergency managers and the public occurs almost continuously. Watches and warnings in the form of text, graphics, images, voice messages, and audible signals are broadcast over a wide area to advise and inform the public using a variety of media and receiving devices, to include radio, television, the internet, cell phones, highway signs, wireless personal digital assistants (PDAs), and other electronic handheld or mobile information devices.
Emergency managers in many remote locations have access to interactive, composite, real-time displays using a robust communication network that accesses information from multiple, decentralized sources of information. These displays provide real-time descriptions of the status of the tornadic activities, support what-if analyses, and help decision makers understand the consequences of alternative courses of action. The entire end-to-end process of collecting weather observation data before and during a tornado, to assessing and predicting the intensity and path of a tornado, to generating products and decision aids to prepare for and minimize the damages from a tornado, conforms to the NOAA concept of operations and relies on the NOAA capabilities. 
5.4 Scenarios Supporting the NOAA Goal of Supporting Commerce and Transportation
By 2020 international maritime trade is expected to double or even triple. The challenges facing the MTS in capacity and security are ominous. MTS relies upon NOAA enterprise information to meet increasing needs of safety, security, and environmental responsibility. NOAA production of navigation tools and information is heavily relied upon to mitigate the risk to marine transportation services. Surface and Aviation transportation will need to respond to similar needs as a result of increased load and security considerations. The following scenario illustrates the significant capacities needed for the integration of diverse data sets to support the MTS.
5.4.1 Marine Transportation Services 

This scenario describes the integration of marine transportation data from several enterprise information services within NOAA to support the Marine Transportation Systems of the future. Security needs coupled with the higher number of faster and larger vessels in crowded waterways is stretching the limits of an organized MTS. Security needs will necessitate extremes in efficiency of environmental information for transportation.

High resolution hydrographic survey data and coastal mapping along with NOAA ices services ensure safe passage and approaches to coastal ports in inclement weather. Some ships constantly have to worry about traveling through waters that are known for icebergs. Those aboard such a ship want to know the location and size of icebergs they are approaching. Shipboard personnel contact a central catalog to retrieve data sets necessary to steer the ship to avoid icebergs. The personnel receive high resolution data sets depicting locations of icebergs along with information on currents and wind patterns. These data sets will allow the ship to be steered clear of potential dangers from the iceberg and maintain the ship’s travel schedule. 

A heavily loaded tanker with hazardous cargo or a container ship with multiple levels of containerized cargo requires detailed environmental and navigation data to prepare to enter port while still many nautical miles away from port. Traffic management utilizing marine navigation systems will rely upon NOAA’s integrated enterprise system of accurate real-time navigation tools for all US ports and harbors. Rapid automatic updates to waterway charts, real-time environmental data from tidal currents to wind shear will guide the ships into the port with only inches of clearance to maximize the vessels cargo. 

The ships captain maintains constant updates from NOAA’s spatial reference to GPS for under-keel and under-bridge clearance. 

NOAA also engages in many partnerships to ensure international cooperation for safety of life at sea. Additional partnerships with port and harbor operations organizations maximize the efficiencies of NOAA’s data and information. Real-time measurements of tidal currents coordinated with port operations provide accurate and timely indicators of tide changes to maximize loading or offloading and save millions of dollars in ship schedules. 

In coordination with DOD to maximize logistics capabilities and minimize cost, future defense transportation requirements will be met by increased reliance on the U.S. commercial transportation sector and the supporting environmental information. As security threats or natural disasters occur, the United States will use not only sealift, but the entire intermodal transportation system, to deploy quickly and sustain ships at sea.

5.5 Homeland Security and Emergency Response

With the growing threat in the future that caused the establishment of the Department of Homeland Security, NOAA has planned and executed an integrated response of environmental information and decision support for protecting our coastal regions and responding to requests for assistance. The following two scenarios are examples of NOAA providing navigation data and air quality data for emergency response.

5.5.1 Navigation Data for emergency response
NOAA’s enterprise information capabilities with completely networked data sources of infrastructure and real-time environmental data provide a blanket of critical emergency information to protect our waterways as gateways to all our coastal cities and seaports as well as vulnerable chokepoints for commerce. NOAA’s electronic navigation charts and environmental data are used routinely with GIS infrastructure displays to quickly point out weak areas. 

Following incidents or disasters, NOAA responds quickly with a fleet of multifunctional equipped ships and aircraft to survey harbors and channels with new technologies such as AUVs or ROVs to map shoreline changes and find sunken vessels, obstructions, and alternate routes for military and commercial ships. NOAA will also help other responders, like the Coast Guard and the Navy, minimize damage from oil or chemical spills. Uninterrupted data collection is followed by automated database updates and assessments. In an emergency, NOAA’s integrated real-time and forecast updates of weather, water levels and other environmental data can help officials determine maximum loads for ferrying people out of a port or coordinate departures if ships must leave port immediately.
An explosion triggered on a liquefied natural gas vessel or oil tanker trapped in port would cause large areas of destruction. NOAA’s high resolution models of ocean, atmosphere, and coastal conditions provide crucial advance data for rerouting vessel traffic and guiding low-visibility navigation to keep traffic moving. These forecast and trajectory models also predict how wind, currents, and other processes might spread oil or hazardous materials spilled in the water.  

The entire end-to-end process of collecting observation data of the environment to assessing and predicting port and waterway conditions to generating products and decision aids for port and ships captains conforms to the NOAA concept of operations and relies on the future NOAA capabilities. 

5.5.2 Air Quality Predictions Using NOAA Data
In an early morning rush hour in a major city on the east coast, a “dirty bomb” explodes resulting in minimal physical damage but releasing an unknown quantity of radiological debris. The radiation has the potential to contaminate a large area of the city and its environs, and affect thousands of people living and working in the area. Regional emergency managers quickly go into action to assess the situation and attempt to mitigate the potential damage to people and property. Immediately the question is asked, “where is the area of contamination now and where is it expected to be in the minutes, hours, and days ahead?”

To answer that question, there must be data on the current levels and locations of radioactive particulate matter, and data on atmospheric conditions (e.g., wind speed, direction, stability, and temperature profiles) that will support forecasts of the downwind dispersion of the radioactive material. Because of the criticality of the incident, these data must be as accurate and current as possible, and should be based on a dense set of observations. In the future there are robust, accurate air quality prediction models providing rapid high resolution forecasts of pollutant transport and dispersion over time and space, with resulting detailed estimates of contamination levels throughout the metropolitan area for time frames ranging from minutes to days. Also, there are in place methods and tools to assimilate the input data, implement the forecast models, distribute the results, and generate simple yet thorough decision aids that will allow emergency managers to take decisive action to mitigate the potential damages.

Fortunately, the national homeland security policies regarding the United States critical infrastructure and key resources protect them from terrorist attacks. The integrated National Plans for Critical Infrastructure and Key Resources Protection have provided NOAA the resources and guidance to support observing system architectures that are able to provide the data, methods, and capabilities needed to manage this disaster successfully.

Observations of surface and lower-atmospheric conditions are available through an integrated network of sensors maintained by a variety of public and private organizations. For example, weather data are continuously collected by cooperative networks of in situ ground-level stations located throughout the metropolitan area and under the control of private entities (e.g., individuals, hospitals, universities) and government organizations (e.g., local, metropolitan, state). Other weather data are collected by in situ sensors at area military installations as part of the Defense Department operations. Aviation weather conditions are collected by in situ and remote (e.g., integrated and agile terminal phased array radar) sensors at regional airports by the Federal Aviation Administration and NOAA. Because these and other automated and manual observation systems collect and report local weather data routinely as well as in response to event-driven, authorized requests, there is a sufficient amount of timely information about conditions affecting pollutant dispersal in this crisis situation. Also, the data monitored, observed and collected by decentralized observation systems, owned and maintained by a wide variety of entities, are integrated, stored, and made available to users as a seamless, virtual database of weather-related information conforming to the NOAA observing system architecture.
To allow accurate and timely predictions of the dispersal of the radiological particulate matter, forecast models are used that are readily available and tailored to accept, understand, and use the integrated observation data as well as other input data to assess the characterization of the local topography and other determinants of radiological dispersions. These models are responsive and robust, and are able to be quickly calibrated for local conditions to provide decision makers with an understanding and assessment of a real-time air quality event. While maintained and operated by NOAA, these models are able to be quickly configured to ingest the local environmental and geophysical data, and directly support local emergency managers by providing near-real time estimates of radiological contamination levels. Multiple decentralized models may be used, but they are connected in an infrastructure of networked communications and databases that provides flexible and responsive support to inform and advise the local decision makers.

Model output by itself is insufficient to help decision makers in a time-critical situation such as a terrorist attack. Therefore, decision aids that combine the radiation concentration level estimates with population data, other GIS data, and local real-time traffic data are available to local emergency managers. Interactive, composite, real-time displays use a robust communication network that accesses information from multiple, decentralized sources of information. These displays provide status information and support what-if analyses and rapid decision-making, and are accessible from multiple remote locations. The entire end-to-end process of collecting observation data of the environment to assessing and predicting air quality impacts to generating products and decision aids conforms to the NOAA concept of operations and relies on the future NOAA capabilities.
6 Global Future Trends
This section describes additional future trends that may affect the direction of NOAA operations from outside the organization. These indicators of change complement the directions that NOAA will pursue as discussed in the previous sections of this document. These future trends provide a context in which NOAA must operate. They must be understood and planned for in order for future products, services, capabilities, and strategies to be successful in achieving the NOAA mission goals. For example, long-term trends in societal values will be significant drivers of future NOAA operations. New products and services will be prioritized, have resources allocated for their development, and be made available to users based on their value to society. Since societal values are subject to change over time, potential future products and services will need to be periodically re-evaluated based on their alignment with these values.

An example of a trend that has dramatically changed national priorities and influenced the direction of NOAA priorities and the products and services it provides is the heightened desire for homeland security. New or enhanced products and services that support increased homeland security, and the capabilities required to deliver them, have received additional focus in the last few years. This has resulted in improved operational concepts including new partnerships and cooperation among providers of environmental data that limit the damage from potential terrorist attacks.
6.1 Committee on Earth Observations Satellites

Human activities are now so pervasive and profound in their consequences that they affect the Earth on a global scale in complex, interactive, and accelerating ways. Humans now have the capacity to alter the Earth system in many ways. The speed of these changes is on the order of decades to centuries, not the centuries to millennia pace of comparable change in the natural dynamics of the Earth system. These changes are identified more specifically in the Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Climate Change 2001. Among the trends is an increase in greenhouse gas emissions due to fossil fuel burning, resulting in rising global average surface temperatures, the occurrence of extreme weather events, and a rise in the global mean sea level. 

These environmental impacts are global in nature and require global solutions beyond the mandate and resources of individual governments. Large numbers of geophysical measurements are required—often with different spatial and temporal resolutions and accuracies. No single program, agency, or nation can hope to satisfy all of the observational requirements which are necessary for improved understanding of the Earth system.

In response to these trends, the international Committee on Earth Observation Satellites (CEOS) was created, with NOAA as an active associate partner. Three CEOS objectives have been established to support a goal of achieving maximum cost-effectiveness for the total set of space-based observation programs of member countries and agencies:

· Optimize benefits of spaceborne Earth observations through cooperation of the CEOS members in mission planning and in development of compatible data products, formats, services, applications, and policies
· Serve as the focal point for international coordination of space-related Earth observation activities
· Exchange policy and technical information to encourage complementary and compatible observation and data exchange systems
The Integrated Global Observing Strategy (IGOS) has been implemented to address how well user requirements are being met by the existing mix of observations, including those of the global observing systems, and how they could be met in the future through better integration and optimization of remote sensing (especially space-based) and in situ systems. CEOS has embraced the concept of an IGOS as a valuable initiative which perfectly complements its own set of objectives, and which may be adopted by CEOS to derive greater benefit from operating and planned observing systems. Through working together, CEOS agencies are in a position to plan their Earth observation programs with the minimum of unnecessary overlap and to devise joint strategies for addressing serious gaps in their observation capabilities. It is anticipated that these trends in developing and implementing cooperative partnerships among government agencies, with other national private and public-sector organizations, and with international entities will continue to grow in the future.
6.2 Trend Categories
In the future NOAA will face many powerful trends with far-reaching impacts on its activities and decisions. At a high level these trends can be grouped into the following categories:

· Science, technology, and communications

· Globalization

· Climate change

· Demands for services and cooperation

· Economic and business trends

· Environment and resource management trends and policies

· Government initiatives

Within these categories and often cutting across them are many transformational changes such as the Internet, global warming, the new economy, use of incentive and management approaches to resource management, government improvement, reliance on markets and the private sector, security imperatives, and patterns of international competition and cooperation. Many of these trends directly affect NOAA mission strategies and services and will require continuing assessments of how to implement changes to satisfy future operations as described in this document. Some of these trends and their implications on NOAA observing systems, as described in the Hudson Trend Analysis report, are indicated below.

Trend: Rapid rate of technological change and innovation, including convergence of technologies and applications. Key technologies include broadband, satellites, supercomputing, sensors, Web services, wireless communication and unmanned ocean and air vehicles.

Impacts: Combinations of technologies such as satellites and sensors with unmanned ocean and air vehicles create capabilities for global and integrated observing; making it possible to handle the massive increases in data that will require exponential increases in data management requirements.

Trend: Globalization

Impacts: Increased attention will be required in the following areas:

· Global ecosystems.

· International cooperation.

· Demands related to international negotiations, boundary determination and dispute resolution.

· Private and government information for navigation.
Trend: Climate change

Impacts: Makes global, integrated observing systems essential. Requires an ability to handle several orders of magnitude increases in the volumes and types of observational data from satellites and other systems which involve new generations of supercomputing and advances in mathematics.

Trend: Government, business, and consumer demands for services

Impacts: Increased public and business demands for weather and climate information and information on pollution and marine developments. International demands for information. Increased government demands related to security, economic development and relief, global developments in marine life.

Trend: Business, economic, and budget climate

Impacts: Opportunities for NOAA to develop new types of relationships and act as a catalyst for initiatives to be fulfilled in the private sector. Opportunities exist for new arrangements with the private sector as a result of changing organizational structures and capabilities. These may involve complex organizations and a variety of possible roles, greater competition for budgets with worsened budget balance, and increased demands for weather and climate information if higher energy prices occur.

Trend: Environmental and resource management policies, which include:

· Global change initiative

· “Smart regulation”

· Ecosystem management

· Local approaches

· Technological solutions

· Data Quality Act

· Economic development as complementary to the environment

· Rejection of the “precautionary principle”

Impacts: Increased demand for ecosystem information. Demand for more global and more local information. Increased collection of air and water quality information.

Trend: Government initiatives, which include:

· The President’s Management Agenda

· Environmental and resource management policies

· Ocean policy review

· War on terrorism, homeland security and disaster preparedness and response

· Changes in military structure and force posture

Impacts: Anti-terrorism and military efforts create:

· Increased demands for international information.

· Demands for ability to determine sources and paths of chemical, biological and nuclear releases.

· Demands for internal protections and responses.

· Demands resulting from changing military structure and force posture to support rapid response.

· Demands for outsourcing to improve government efficiency.

· Increased scrutiny of release of information for security implications.

Appendix A. Analyses and Impacts on Current and Future National and Global Observing SystemsThis section describes example national and global initiatives that are intended to support efforts to provide integrated earth observation data. Because of the common purposes and goals between these initiatives and the proposed NOAA Observing System, there are potentially many interactions and interfaces that can be identified. By describing these interactions, this section may help improve the efficiency of combined or complementary operations, facilitate mutual development, or limit potential conflicts between NOAA plans and these initiatives.

International Working Group on Earth Observations (IWGEO)

At the 2003 G-8 Summit in Evian, France, the G-8 Action Plan on Science and Technology for Sustainable Development called for strengthening international cooperation on global observation and listed a number of specific activities. International calls for greater integration of earth observation systems have also been made at the 2002 World Summit on Sustainable Development, the 2001 UN Commission on Sustainable Development, and the 1992 Earth Summit. The 2003 Earth Observation Summit marked an important milestone in the development of a comprehensive Earth observing system. By bringing together ministerial-level representatives from developed and developing countries with an interest and significant role in observing systems as well as representatives from international organizations such as the World Bank and the World Meteorological Organization (WMO), the raised visibility for the issue with international decision-makers and ensure a new level of cooperation and investment in Earth observing systems.

The declaration from the summit calls for a commitment to developing a comprehensive coordinated Earth observation system reaffirms the need for Earth systems data and information for sound decision-making, sets forth principles for long-term cooperation in meeting these goals and commits to improving earth observation systems and scientific support in developing countries. An IWGEO has been established to prepare a ten-year implementation plan for a comprehensive, coordinated Earth observation system. “The U.S. and our international partners have made significant strides in putting systems in place to monitor the Earth, but crucial data gaps remain,” said Commerce Secretary Don Evans.

In addition, international organizations such as the WMO have played a leadership role in developing the global observing system of the World Weather Watch with over 10,000 surface stations around the globe. Other monitoring systems in development include Global Ocean Observing System (GOOS), Global Climate Observing System (GCOS), Global Atmosphere Watch and the Global Terrestrial Observing System (GTOS). These disparate systems provide critical data, but linking them and expanding them will add considerable power to an already impressive data collection effort and a quantum leap in our ability to predict and manage Earth system cycles and processes.

The improved observations will offer better data for improved models. These models are expected to yield advancements in Earth science and observations for many applications including more accurate predictions of climate change, crop production, energy and water use, disease outbreaks and natural hazards. The IWGEO work begins a new era for harnessing the world’s scientific and technical knowledge to take the pulse of the planet and provide new products and services that will help protect our environment and improve the quality of our lives.

Integrated Ocean Observing System (IOOS)

The U.S. Congress has expressed strong support for the establishment of a sustained and Integrated Ocean Observing System (IOOS). In the FY03 Appropriations Conference Report, “The conferees direct NOAA to work with its partners on the National Ocean Research Leadership Council to submit a plan by June 30, 2003, to the Committees on Appropriations. This plan will detail an implementation strategy for the establishment of an integrated ocean and coastal observing system. This plan shall, at a minimum,

· include an interagency governance structure
· define the roles and responsibilities of each agency in implementing and operating the system
· provide multi- year funding estimates by agency
· include a process for regional coordination and technical support to ensure development of integrated regional systems with a national observing initiative
In addition, as development of an integrated long-term Federal plan proceeds, the conferees urge NOAA to coordinate existing or planned coastal observing systems, particularly those for which funding has been provided or those which use Federal platforms such a buoys. The conferees direct NOAA to utilize the data management and technical expertise of the Coastal Services Center to perform this function as well as provide education and outreach to participating Federal agencies, academic institutions, State agencies, and other interests.”

NOAA is working through an interagency process to develop a comprehensive implementation plan. This document, a synopsis of the plan now in preparation, addresses (1) and (4) explicitly, provides guidelines for issue (2), and provides rough, initial estimates of funding requirements (3). The plan is based on a consensus of experts developed during the 2002 Ocean.US Workshop and 2003 Ocean.US Summit. It articulates the vision of a sustained and integrated ocean observing system (the IOOS); recommends a governance mechanism for implementing, operating and improving the system based on guiding principles and the need to promote synergy among research, education and the development of the operational system; describes an initial IOOS that is to be built by linking existing assets across agencies to form an integrated system (FY 2004 – 2005); and recommends enhancements required to begin the process of improving the system to achieve national goals more effectively (FY 2006 and beyond). 

Implementing and improving the IOOS over time will make more effective use of existing resources, new knowledge, and advances in technology to achieve seven related societal goals :

· Improve predictions of climate change and variability (weather) and their effects on

· coastal communities and the Nation,

· Improve the safety and efficiency of marine operations,

· More effectively mitigate the effects of natural hazards,

· Improve national and homeland security,

· Reduce public health risks,

· More effectively protect and restore healthy coastal marine ecosystems, and

· Enable the sustained use of marine resources.

Achieving these goals depends on (1) more rapid detection and timely predictions of changes in marine, atmospheric and terrestrial systems; (2) improved understanding of the effects of human activities on these systems; and (3) enhanced public awareness and understanding of the oceans and the changes occurring in them. Although the IOOS focuses on the oceans and coasts aspects of these goals, it is developing in collaboration with government agencies responsible for monitoring land-based and atmospheric inputs and drivers of change in the marine environment.

Clearly, each of the 7 goals has unique requirements for data and information. At the same time, they have many requirements for data, data management and analysis in common. This is the basis and motivation for the development of a multi- use, multi-disciplinary observing system that will not only be cost-effective, it will provide more rapid access to data and information on time scales required for informed decision making.
Global Ocean Observing System

The U.S. contribution to the IOOS is the GOOS. The coastal component consists of regional ocean observing systems nested in a national observing network or backbone. The global component and the national backbone provide data and information that meet both national needs and requirements that regional systems have in common. Regional observing systems are designed and operated based on user requirements in the respective regions. They not only benefit from the global ocean component and the national network, they enhance it based on regional priorities (greater density of observations, more variables, data management and communications services, additional products). Regional Associations (RAs) of stakeholders (from private and public sectors, data providers and users) are established to design, operate and improve regional observing systems based on national standards and protocols. A National Federation of RAs (NFRA) is established to coordinate RA activities and partner with federal agencies in the development of the national network and global component.
Appendix B. NOAA Regulatory or Legislative Directives	Authority
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	(Clean Water Act), Federal Water Pollution Control Act, 33 U.S.C. § 1251 et seq.
	NOAA Ocean and Coasts

	1992 Land Remote Sensing Policy Act.  http://www.licensing.noaa.gov 
	NESDIS

	 SEQ CHAPTER \h \r 1Abandoned Shipwreck Act of 1987, 43 U.S.C. § 2101 et seq. 
	NOAA Ocean and Coasts

	Act to Prevent Pollution from Ships
	NOAA Marine and Aviation Operations

	Agreement on Joint Transition Activities Regarding Polar-Orbiting Operational Environmental Satellite Systems
	NESDIS

	Alaska Native Claims Settlement Act of 1971, The Pribilof Environmental Restoration Act of 1996, the Pribilof Islands Transition Act 16 U.S.C § 1165 note (P.L. 106-562, Title 1, Sec. 104, 114 Stat. 2796 (Dec. 23, 2000))  
	NOAA Ocean and Coasts

	All space issues are governed by the Treaty on the Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (Outer Space Treaty)
	NESDIS

	Antarctic Science, Tourism, and Conservation Act of 1996
	NOAA Marine and Aviation Operations

NOAA Research

	Atlantic Coastal Fisheries Cooperative Management Act, 16 U.S.C. §§ 5101-5108 
	NOAA Fisheries 

NOAA Ocean and Coasts

	Atlantic Tunas Convention Act
	NOAA Fisheries

	CERCLA
	NOAA Marine and Aviation Operations

	Clean Air Act
	NOAA Marine and Aviation Operations

NOAA Research

	Clean Water Act
	NOAA Marine and Aviation Operations

	Coast and Geodetic Survey Act of 1947
	NOAA Marine and Aviation Operations

NOAA Ocean and Coasts

	Coastal Barriers Resources Act, 16 U.S.C. §§ 3501-3510

Outer Continental Shelf Lands Act, 43 U.S.C. §§ 1331-1356
	NOAA Ocean and Coasts

	Coastal Ocean Program, § 201(c) of Public Law 102-567
	NOAA Ocean and Coasts

	Coastal Zone Management Act
	NOAA Marine and Aviation Operations

NOAA Oceans and Coasts

	Commercial Remote-Sensing Policy 
	NESDIS

	Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA, also known as Superfund) Sections 104, 106, 107, 122, 42 - U.S.C. section § 9601 et seq., enacted 1980 and amended by the Superfund Amendments and Reauthorization Act (SARA)
	NOAA Ocean and Coasts

	Coral Reef Conservation Act, 16 U.S.C.  §§ 6401-6409
	NOAA Ocean and Coasts

NOAA Research

	Deep Seabed Hard Mineral Resources Act, 30 U.S.C. §1401 et seq. 
	NOAA Ocean and Coasts

	Endangered Species Act of 1973, 16 U.S.C. 1531-1543
	NOAA Fisheries

NOAA Oceans and Coasts

	EPCRA
	NOAA Marine and Aviation Operations

	Estuary Restoration Act (ERA) of 2000, 33 U.S.C. §§ 2901-2909
	NOAA Ocean and Coasts

	Executive Order 11023, “Authorized specific CGS Commissioned Officers 1948"
	NOAA Marine and Aviation Operations

	Executive Order 12234 -- Enforcement of the Convention for Safety of Life at Sea (SOLAS)
	NOAA National Weather Service

	Executive Order 1290 -- National Spatial Data Infrastructure (NSDI) and the Federal Geographic Data Committee (FGDC) 
	NOAA Oceans and Coasts

NESDIS

	Executive Order 13112, “Invasive Species”
	NOAA Marine and Aviation Operations
NOAA Research

	Executive Order 13148, “Greening the Government through Environmental Leadership”
	NOAA Marine and Aviation Operations

	Executive Order 13158  [Marine Protected Areas] 
	NOAA Ocean and Coasts

NOAA Marine and Aviation Operations

	Executive Orders 11490 and 10480
	NOAA Marine and Aviation Operations

	Executive Orders 13178 and 13196 (Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve)
	NOAA Ocean and Coasts

	Federal Insecticide, Fungicide, and Rodenticide Act
	NOAA Marine and Aviation Operations
NOAA Oceans and Coasts

	Federal Power Act
	NOAA Fisheries

	Fish and Seafood Promotion Act, 16 U.S.C. §§ 4001-4017
	NOAA Research

	Fish and Wildlife Coordination Act
	NOAA Fisheries

	Florida Keys National Marine Sanctuary and Protection Act (FKNMSPA) 16 U.S.C. § 1433 note (Public. L. No.101-605, 104 Stat. 3089 (Nov. 16, 1990), as amended. 
	NOAA Ocean and Coasts

	Global Change Research Act, 15 U.S.C. §§ 2921-2961
	NOAA Research

	Great Lakes Research Office, 33 U.S.C. § 1268(d)
	NOAA Research

	Harmful Algal Bloom and Hypoxia Research and Control Act of 1998, 16 U.S.C. § 1451 note (Public. L. No. 105-383, Title VI, 112 Stat. 3447 (Nov. 13, 1998))
	NOAA Oceans and Coasts

NOAA Research

	Hydrographic Services Improvement Act of 1998
	NOAA Marine and Aviation Operations

NOAA Ocean and Coasts

	Lacey Act
	NOAA Fisheries

	Magnuson-Stevens Fishery Conservation and Management Act, 16 U.S.C. § 1801
	NOAA Fisheries

NOAA Oceans and Coasts

	Marine Mammal Protection Act
	NOAA Marine and Aviation Operations

NOAA Oceans and Coasts

NOAA Fisheries

	Marine Protection, Research and Sanctuaries Act 
	NOAA Ocean and Coasts

	Meteorological Services to Support Aviation
	NOAA Marine and Aviation Operations

NOAA National Weather Service

NOAA Research

	National Aquaculture Act, 16 U.S.C. 2801-2810
	NOAA Oceans and Coasts

NOAA Research

	National Climate Program Act, 15 U.S.C. §§ 2901-2908
	NOAA Oceans and Coasts

NOAA Research

	National Coastal Monitoring Act (Title V of the Marine Protection, Research and Sanctuaries Act), 33 U.S.C. §§ 2801-2805 
	NOAA Oceans and Coasts

	National Contaminated Sediment Assessment and Management Act, 33 U.S.C. §§ 1271
	NOAA Oceans and Coasts

	National Fish and Wildlife Foundation Establishment Act Amendments of 2000, 16 U.S.C. §§ 3701-3710
	NOAA Ocean and Coasts

	National Marine Sanctuaries Act
	NOAA Ocean and Coasts

NOAA Marine and Aviation Operations

	National Sea Grant College Program Acts, 33 U.S.C. §§ 1121-1131
	NOAA Research

	NOAA Authorization Act of 1992 (P.L. 102-567)
	NOAA Marine and Aviation Operations

NOAA Research

	NOAA has an international agreement in place with EUMETSAT. Agreement Between The United States National Oceanic And Atmospheric Administration and The European Organization Of Meteorological Satellites on An Initial Joint Polar-orbiting Operational Satellite System.  http://projects.osd.noaa.gov/IJPS/documents.htm 
	NESDIS

	NOAA Nautical Products 'Pricing Statute', 44 U.S.C.  § 1307
	NOAA Ocean and Coasts

	Non-indigenous Aquatic Nuisance Prevention and Control Act of 1990 and National Invasive Species Act of 1996
	NOAA Marine and Aviation Operations

NOAA Oceans and Coasts

NOAA Research

	Northwest Atlantic Fisheries Convention
	NOAA Fisheries

	NPOESS is in the works because of Presidential Decision Directive/NSTC-2.  http://www.npoess.noaa.gov/About/NSTC-2.html 
	NESDIS

	Ocean Dumping Act
	NOAA Marine and Aviation Operations

	Ocean Thermal Energy Conversion Research, Development and Demonstration Act of 1980, 42 U.S.C. §§ 9001-9009
	NOAA Ocean and Coasts

	Oil Pollution Act of 1990
	NOAA Marine and Aviation Operations

NOAA Ocean and Coasts

	On April 25, 2003, the President of the United States signed a new Space Policy for Commercial Remote Sensing. It addresses the relation that civil, defense and intelligence agencies have with the commercial space-based data providers. In particular, the policy directs Department of Defense, Department of State, and the Department of Commerce to streamline licensing procedures for commercial systems, and to develop an implementation plan for civil agencies to use more commercial satellite data in fulfilling their missions.  NOAA representatives are carrying out the Commerce responsibilities. http://www.licensing.noaa.gov/facts.pdf 
	NESDIS

	Organotin Antifouling Paint Control Act of 1988
	NOAA Marine and Aviation Operations

	Reorganization Plan No. 4 of 1970
	NOAA Marine and Aviation Operations

	Resources Conservation and Recovery Act
	NOAA Marine and Aviation Operations

	Surveys
	NOAA Marine and Aviation Operations

	Surveys, 33 U.S.C.  883a – 884
	NOAA Ocean and Coasts

	The National Space Policy (1996)  http://www.ostp.gov/NSTC/html/fs/fs-5.html 
	NESDIS

	The Safe Drinking Water Act
	NOAA Marine and Aviation Operations

	Toxic Substances Control Act
	NOAA Marine and Aviation Operations

	U.N. Principles Relating to the Remote Sensing of the Earth from Outer Space.  http://www.licensing.noaa.gov/unrsprinciples.htm 
	NESDIS

	Weather Service Organic Act - 15 U.S.C § 313 et seq.
	NOAA National Weather Service

	Whale Conservation and Protection Study Act, 16 U.S.C. §§ 917-917d
	NOAA Oceans and Coasts


Appendix C. Acronyms
BOM


Business Operations Manual

CZMA


Coastal Zone Management Act

CEOS


Committee on Earth Observation Satellites

CONOPS

Concept of Operations
COOP


Cooperative weather Observer Program

CEQ


Council on Environmental Quality

DOC


Department of Commerce

DHS


Department of Homeland Security

DNR


Departments of Natural Resources
EPA


Environmental Protection Agency

EEZ


exclusive economic zone

FY


Fiscal Year

GTOS
Global Atmosphere Watch and the Global Terrestrial Observing System

GCOS


Global Climate Observing System

GOOS


Global Ocean Observing System

GEO


Group on Earth Observations

HAB


Harmful Algal Bloom

IT


information technology

IGOS


Integrated Global Observing Strategy

IOOS


Integrated Ocean Observing System

IPCC


Intergovernmental Panel on Climate Change

IGOES


International Global Environmental Observing System

IWGEO

International Working Group on Earth Observations

LMR


Living Marine Resources

MSFCMA

Magnuson-Stevens Fishery Conservation and Management Act
MPA


marine protected area

MTS


Marine Transportation System

NARA


National Archive and Records Administration

NEPA


National Environmental Policy Act

NESDIS

National Environmental Satellite, Data and Information Service

NFRA


National Federation of RAs

NMFS


National Marine Fisheries Service

NMS


National Marine Sanctuary

NORLC

National Ocean Research Leadership Council
NOS


National Ocean Service

NOAA


National Oceanic and Atmospheric Administration

NPOESS
National Polar-orbiting Operational Environmental Satellite System

NWS


National Weather Service

NAO


NOAA Administrative Order

NMAO

NOAA Marine and Aviation Operations

NOSA


NOAA Observing System Architecture

NOSC


NOAA Observing Systems Council

NWP


numerical weather prediction

OAR


Office of Oceanic and Atmospheric Research

PDA


personal digital assistant

PORTS

Physical Ocean Real-Time System

POES


Polar-orbiting Operational Environmental Satellites

RA


Regional Association

NOC


NOAA Ocean Council

TOGA


Tropical Ocean Global Atmosphere

TAO


TOGA Automated Observations

UAV


unmanned aeronautical vehicle

VCP


volume coverage patterns

WMO


World Meteorological Organization


















































































































































































































� This is a very special case of the information process because the user does not exist yet and therefore the user’s needs cannot be defined. Since the needs cannot be defined, NOAA policies will define the amount of data taken and stored for this future user. NOAA policies will also assign a priority to the future user’s needs. These policies in effect turn NOAA’s role under NARA into that of another user.


� stock assessment: the processes of collecting, analyzing, and reporting demographic information for the purpose of determining the effects of fishing on fish populations.  The production of stock assessments requires quantitative information on the relative or absolute magnitude of a fish population, estimates of the total removals due to human activities (due to fishery landings, discarded bycatch, and cryptic mortality due to encounters with fishing gear), life history data including rates of growth, average age of the onset of sexual maturity, maximum longevity, and the proportion of each age group dying each year due to natural causes, and other factors that affect stock productivity.  These data are combined using simple to complex mathematical models to derive best estimates of vital statistics such as historical and recent trends in the number and biomass of the resource, recruitment levels (number of small fish entering the fishery each year), and the fishing mortality rate or the fraction of the stock alive at the beginning of the year that are killed by fishing (commonly referred to as the exploitation rate).
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