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1) INTRODUCTION Exploration, identification, and understanding of our natural world is based, at varying levels, on observation.
Our knowledge about the land, air, sea, and space is based on our collective observations over time. Our ability
to observe, understand, and predict the state and processes of our ocean, coastal, and estuarine areas has
improved dramatically as technology has improved, and our sharing of data, information, and knowledge has
increased. The applied marine sciences are giving us the means to quickly detect and predict changes in the
marine environment. Such predictive capabilities are vital to the safety, security, economy, health, and overall
well-being of our society. A sustained network of ocean observations will mean improved predictive capabilities
and a society better equipped to make decisions.
In 2004, the U.S. Commission on Ocean Policy and the National Ocean Leadership Council (NORLC) identified
the US Integrated Ocean Observing System (IOOS) as a high priority and emphasized the importance of
interagency cooperation for successful implementation. Five years later, the “Integrated Coastal Ocean
Observation System Act of 2009” was signed into law. This legislation authorized the establishment of a
national IOOS and recognized the National Oceanic and Atmospheric Administration (NOAA) as the lead
federal agency. In 2020, the “Coordinated Ocean Observations and Research Act” was signed into law,
reauthorizing IOOS and underpinning the importance of this public-private partnership as a fundamental
component in our national environmental observing infrastructure.
IOOS is a coordinated national and international network of observations and data transmission, data
management, and cyberinfrastructure (DMAC), and data analyses and modeling that systematically and
efficiently acquires and disseminates data and information on past, present and future states of the oceans and
U.S. coastal and estuarine waters. IOOS provides ‘eyes’ on our oceans, coasts, and Great Lakes. IOOS is a
collection of federal, regional, and private-sector partnerships working to enhance the ability to collect, deliver,
and use ocean information. IOOS spans the U.S. Exclusive Economic Zone (EEZ), delivering the data and
information needed to increase the understanding of our oceans and coasts, so decision makers can take action to
improve public safety, enhance the economy, and manage our ocean and coastal areas wisely.
Acknowledging that national issues manifest themselves in unique ways at regional and local levels, Congress
created the regional components of IOOS to augment existing federal efforts to gather information at the
appropriate spatial and temporal scales to inform marine and coastal stakeholders and decision-makers. The
RAs cover a broad range of ecosystems, driving the development of well-defined observing systems tailored
to focus on regional and local priorities defined by regional managers, government agencies, academia,
business and industry, non-governmental organizations, and members of the general public most connected to
the wise use and management of marine and coastal ocean resources. Together, the RAs coordinate through
the IOOS Association to establish linkages to ensure that the needs of the regions are reflected in national
policy and priority setting.
The Mid-Atlantic Regional Association Coastal Ocean Observing System (MARACOOS), established in
2004, is one of the eleven Regional Associations (RAs) comprising the coastal network of U.S. IOOS. It
covers the Mid-Atlantic Bight, which includes the ocean and estuaries from Cape Cod, MA to Cape Hatteras,
NC. MARACOOS is a 501(c)(3) Non-Profit Corporation involving more than 75 participants from
universities, state and federal government agencies, private sector partners, and non-governmental
organizations. The current structure and operation of MARACOOS reflects the evolutionary history that was
driven in part by initial incremental funding that continues to promote the practice of minimizing
administrative overhead and maximizing leveraged investment. Building on more than a decade of
engagement, innovation, and progress, MARACOOS is committed to sustaining and growing the operation,
integration, and evaluation of this end-to-end, regional-scale system for the Mid-Atlantic region.
Today, there is the dawn of a new era where sustained ocean observations are revolutionizing the way we
understand and experience the coastal oceans and recognize the mutual dependence and need for stewardship.
The challenge is to fulfill the potential inherent in a sustained fully-developed network of observational platforms
that supply data and information needed for rapid detection and timely predictions of changes in our marine and
coastal waters.
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In addition to seeking the wisdom and advice of the MARACOOS membership and stakeholder communities to
develop our vision and mission, we have consulted with US IOOS along with a host of representatives from
academia, industry, and the general public:
MARACOOS Vision: MARACOOS’ high quality data products and solutions, innovation, and
expertise are integral to a diverse and expansive range of stakeholders who make decisions that save
lives and property, support the economy, and improve the health and resilience of our region.
MARACOOS Mission: MARACOOS powers understanding and prediction of the Mid-Atlantic Ocean,
coasts, and estuaries.
Ongoing input from all these sources remains a central element in developing and updating our long-range plans.
While this document provides an operational expression of the MARACOOS’ guiding documents, it is a living
document that is regularly reviewed as new drivers from stakeholder and partners are discovered, as technology
advances, as partner readiness and expertise increases, and as funding profiles change.
This Strategic Operational Plan demonstrates continued commitment to a process that builds and sustains an
observing system driven by stakeholder engagement throughout the Mid-Atlantic region. In coordination and
recognition of the overarching and societal goals of IOOS, the results of extensive stakeholder engagement and
needs assessment, MARACOOS will focus on its five stakeholder-defined, theme areas: Maritime Commerce
and Safety; Fisheries and Natural Resources; Water Quality; Coastal Hazards; and Energy.

2) THE PLANNING ENVIRONMENT: THE MID-ATLANTIC REGION The Mid-Atlantic region is densely populated, boasting 79 million people across 10 states and the
District of Columbia. It includes some of the largest centers for maritime commerce along with coastal
communities vulnerable to coastal hazards. It includes commercial and recreational fishing, aquaculture,
and coastal and estuarine tourism, as well as the most rapidly growing offshore wind industry in the
country. In addition, the region’s five critical and complex estuaries require sophisticated environmental
monitoring and forecasting due to the presence of valuable natural resources and the inundation risks to
many low-lying coastal communities. In partnership with regional institutions, federal, state, local, and
tribal governments, academia, and the private and non-profit sectors, MARACOOS addresses the
region’s diverse and growing needs by building capabilities and data products to support the needs of
Mid-Atlantic stakeholder communities.
MARACOOS supports the resiliency, security, safety, and health of Mid-Atlantic people and ecosystems
with efforts that support 5 stakeholder-defined focus areas. Maritime Commerce and Safety: MidAtlantic ports handle 25% of the total U.S. waterborne commerce and includes the nation’s second
largest container port, the nation’s largest petroleum product hub, and the world’s largest Naval base.
Ports, waterway navigation and piloting, and small craft operations require reliable, quality data products
for decision making. Coastal Hazards: Complex seasonal physical dynamics in the Mid-Atlantic Bight
create risks to communities and infrastructure (including federal and military infrastructure) from
flooding, sea level rise, and weather, including extreme weather such as hurricanes and extra tropical
storms. Quality data and tools are vital for decisions that affect lives and property. Water Quality:
Degraded water quality, as a result of oil spills, sewage releases, urban runoff, harmful algal blooms,
pathogens, ocean acidification, and hypoxia, can have major, lasting impacts on the public, resources,
and economic health. Quality information helps protect communities and promote resilience. Fisheries
and Natural Resources: The region is home to robust commercial and recreational fishing, aquaculture,
and abundant living resources. Quality information is important for fishers and natural resource
managers to make decisions that impact their livelihoods and manage the living resources in our region.
Energy: Offshore wind developers and interested stakeholders require quality data to support decision
making on planning and development of offshore projects and potential interactions with other offshore
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activities. Onshore energy production requires information on coastal ocean impacts to predict onshore
temperatures and resulting energy demand and costs. MARACOOS provides a coordinated, reliable
system to ensure stakeholders in these 5 critical areas have access to federally-certified data and
information products for short- and long-term decision making.

3) MARACOOS
a. Background
MARACOOS’ history begins in 2004, with funding from NOAA to support the first organizational meeting of
the Mid-Atlantic Regional Association (MARA). In 2005, the Mid-Atlantic Coastal Ocean Observing
Regional Association (MACOORA), based at the University of Delaware was formed and chartered under the
provisions of the Not-For-Profit Corporation Statutes in the State of Delaware. MACOORA created the
framework in which the Mid-Atlantic’s coastal ocean user community identified its five focus areas as: (1)
Maritime Safety, (2) Ecological Decision Support (3) Water Quality, (4) Coastal Inundation, and (5) Offshore
Energy. MACOORA established the Mid-Atlantic Regional Coastal Ocean Observing System (MARCOOS),
based at Rutgers University, to provide the necessary ocean observing, data management, and predicting
capacity to systematically address the prioritized regional themes. In 2011, these two entities merged into one
organization--MARACOOS--governed by the initial provisions of the incorporation document, creating an
academic-industry-government partnership that leverages the region’s distributed centers of critical expertise
to form an interactive, integrated regional network.
Mid-Atlantic’s coastal ocean user community has redefined its five focus areas as: (1) Maritime Commerce and
Safety, (2) Fisheries and Natural Resources, (3) Water Quality, (4) Coastal Hazards, and (5) Energy. To
support these user themes, MARACOOS has formed an academic-industry government-NGO partnership-based
Regional Coastal Ocean Observing System (RCOOS) that leverages the region’s extensive expertise and
capabilities. Operation of the integrated, regional scale observation, data management and prediction network is
sustained in real-time, and fills gaps and complements national capabilities. It is driven by a stakeholder
engagement network that engages users, identifies opportunities, educates citizens, and identifies priorities and
needs that focus operation decisions and investments in the observing system.
Working in 5-year segments, the first 5-year cycle established a sustainable regional-scale ocean observatory
that filled gaps in the national infrastructure and supported our initial four user themes. The second 5-year effort
(2011-2016) achieved operations and evaluated an ensemble of ocean and atmospheric prediction models to
support our 5 user themes. Theme area successes include the first regional-scale network to be declared
operational for USCG Search and Rescue (SAR), the successful use of MARACOOS data and models by the
MA Fisheries Management Council to open new fisheries, DHS Impact Awards for aiding oil spill response,
discovery of coastal processes that feedback on hurricane intensities and impact inundation, and the expansion
of the observing network to enhance support for offshore wind development. The third 5-year period (20162021) expanded the smaller elements of the observing system and focused on product development, including
new partnerships for product generation using MARACOOS-generated data. The next 5-year period (20212026) will further grow existing observing elements while including new platforms, new partners, and
additional stakeholders, including underserved and underrepresented communities.
b. Governance and Management
The structure and approaches of MARACOOS are designed to focus on engagement and understanding of the
stakeholder community needs, resource prioritization, and allocation of operational capabilities commensurate
with those needs. The result is a streamlined governance structure that ensures responsible oversight and
management while maximizing available resources to deliver state-of-the art products and services in the five
focus areas.
MARACOOS maintains its headquarters in Delaware. Administrative support to the headquarters is provided
through an administrative services agreement between MARACOOS and the University of Delaware.
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The MARACOOS Board of Directors (up to 18 members), elected from the membership, carries fiduciary
corporate responsibilities and provides strategic input to the Executive Director. A set of bylaws governs the
corporation and its functions. The Board composition represents a broad constituency, with members from
industry, government, NGOs, and academia, and a broad geographic distribution throughout the Mid-Atlantic
region. The Chair of the Board is responsible for managing Board functions. The Vice Chair(s) of the Board
is(are) responsible for Board member recruitment, connectivity with the various sectors, and supporting the
Chair.
A full-time Executive Director and Principal Investigator is responsible for all aspects of MARACOOS’
activities and efforts. The Executive Director is supported by two senior managers (a Technical Director and a
Director of Engagement and External Relations) and a small staff complement to carry the various elements of
business management, operations, engagement, communications, and partnership development. The Technical
Director oversees the day-to-day management of observatory operations, including data acquisition,
management, as well as modeling and product development. The Director of Stakeholder Engagement and
External Relations ensures direct connectivity with the stakeholder communities and leveraged engagement
through partner organizations.
MARACOOS has over 40 member organizations, and several thousand direct-contact stakeholders, who have
identified themselves with one or more of the five focus areas. Stakeholder Engagement provides the formal
basis for accessing and identifying regional needs and priorities via consultation with the broad range of
regional stakeholders. This effort comprises a variety of activities, including: a) an annual member/stakeholder
meeting; b) a series of theme-focused workshops and webinars; c) individual and group interactions across the
region; d) funding of part-time liaisons across the region; and e) leveraged interactions through allied partners’
organizations. Information is presented to the Board and the partnership for consideration, determination, and
advice on enhancements, adjustments, and maintenance of the activities and resource prioritization within and
across MARACOOS partners that ultimately guide product development. This approach is used for general as
well as specific regional needs and has directly informed the development of strategic goals and objectives, and
their implementation, in response to regional needs. This approach will also position MARACOOS to pursue,
attain, and maintain IOOS regional certification as per 15 CFR Part 997.
i. Accountability and Liability MARACOOS, headquartered in Delaware, serves as the principal organizational entity for managing and
coordinating regional ocean observing in its role as the regional association for the Mid-Atlantic under the US
Integrated Ocean Observing System.
MARACOOS has a signed Administrative Services Agreement with the University of Delaware (UD)
(http://maracoos.org/certification/doc/Administrative%20Services%20Agreement.pdf); under this agreement
UD provides all services necessary or desirable for the operation of MARACOOS business and activities. As
such, all employees of MARACOOS can benefit from UD employee benefits, and their actions are covered
under the associated liability and self-insurance protections provided to employees as allowed for in University
personnel policies. All actions taken by MARACOOS employees are assessed and reviewed annually through
established employee evaluation requirements — ensuring supervisors of record are engaged in the ongoing
activities of staff and afforded the authority to hold staff accountable for actions, while also promoting and
rewarding success. With respect to liability protection and through the Administrative Services Agreement,
UD’s General Counsel’s Office is responsible to handling damages or injury caused by UD’s agents, officers,
and employees in the course of their employment to the extent that UD’s liability has been determined by a
court or otherwise agreed to by UD, and the university shall pay for damages and injury to the extent permitted
by law. Additionally, MARACOOS has a corporate liability insurance policy.
c. Engagement
MARACOOS has a successful history of managing, operating, and integrating its 5 RA subsystems (Figure 1).
We increase participation, set priorities, and create products through user/stakeholder engagement activities led
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by the Director of Engagement & External Relations. These activities cover the region and range from large
regional meetings to small local topical meetings. Working with key national, regional, and local partners is
integral in delivering services and products that provide value to our region. We continue to get feedback on our
new and existing products to refine data, products, and delivery. These data and products are regional/local in
scale, gap filling for the national backbone, and quality controlled, based on national standards. Furthermore,
we engage external data providers from industry and local, state, federal and international programs to facilitate
their integration into a common operating picture for our coastal environment. We have developed and operate
a standards-based data management system that enables discovery and real-time access to data and information
by users, data assimilative modelers, and lifecycle data curators. We operate an expanding suite of data
assimilative prediction models that are consistent with the developing national modeling framework.

Figure 1: MARACOOS implementation of the 5
integrated subsystems that comprise an IOOS
Regional Association.

Our members and partners, under the
leadership of our operations team, contribute to national IOOS infrastructure through participation in the High
Frequency Radar (HFR) Technical Steering Committee, Glider DAC, federal Data Management and
Cyberinfrastructure (DMAC) backbone, and national modeling plan development. Internationally, we
participate in efforts that include the GEO Global HFR Network, UG2 glider coordination group. Our ocean
observing infrastructure is used for decision-making in 5 major user-defined focus areas. Activities conform to
the Programmatic Environmental Assessment best practices.

MARACOOS evaluates each program component area annually based on a number of criteria. The evaluation
process provides information needed to assess the effectiveness, efficiency, and impact of each component
within the system, and informs a decision-making process that determines additional investment, sustainment,
or retirement of individual observing assets, services and products, or component groups. A number of factors
are considered in the evaluation of each component area; these include: IOOS Program Office guidance;
demonstrated level of need or use; uniqueness of service; potential for positive, significant impact; reasonable
use of financial and human resources; ability to integrate into existing regional and national networks; level of
customer utility and number of identified users; balance of partner contributions; level at which partners rely on
the component area of operations; cost of operations and maintenance; and performance record. An evaluation
of component areas using these criteria allows MARACOOS to select which projects to continue or
discontinue. This process will continue to evolve as the MARACOOS Strategic Plan is implemented.
i) MARACOOS Focus Areas
1. MARITIME COMMERCE AND SAFETY
Mid-Atlantic ports handle 25% of the total U.S. waterborne commerce and include the nation’s second largest
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container port, the nation’s largest petroleum product hub, and the world’s largest Naval base. The US Coast
Guard (USCG) relies on surface current predictions from the MARACOOS Doppio system as well as our HFR
network, which has been a data supplier to the USCG since May 2009. The USCG also uses SST products for
SAR operations. Additionally, the SST products are used by many stakeholders for ocean data assimilation
(regional scientists), as well as by the recreational fishing community and boating community for effective
navigation. NOAA NOS uses HFR to enhance its PORTS products for New York Harbor and Chesapeake Bay,
and the data are also used by NWS WFOs in AWIPS2 and for Nearshore Wave Prediction Systems. Drifters
provide further value to the USCG and others, including MARACOOS partners, through validation of products
and models, ensuring continuing enhancement of data products. LIS-FVCOM (Long Island Sound Finite Volume
Community Ocean Model) provides more accurate capacity to simulate motion of search targets in Long Island
Sound, an area of intense maritime commerce, fishing, and increasing recreational use.
2. FISHERIES AND NATURAL RESOURCES
Commercial fishery landings in the Mid-Atlantic are valued at $600 million, which, along with the recreational
fishing industry that supports more than 800,000 jobs nationwide, represent significant economic impact to MidAtlantic communities. MARACOOS partners with NOAA Fisheries, the regional councils, ASMFC, the private
sector (like ROFFS™), as well as fishers, to ensure they have the best data at their fingertips. MARACOOS
Doppio and Chesapeake Bay Environmental Forecasting System (CBEFS) models provide critical bottom
temperature, salinity, waves, oxygen, and food availability predictions so commercial and recreational fishers can
better locate habitats for key species and avoid bycatch. Natural resource managers are aided through the
combination of satellite observations and biotelemetry. For example, MARACOOS provides a 3-day forecast
model that is >90% accurate in predicting Atlantic sturgeon locations in Delaware Bay – an important contributor
in protecting and managing this endangered species. We will support US recreational anglers and federal fisheries
managers with gliders, animal tagging, drifters, and other sensors that collect key data indices in support of a
healthy and sustainable fishery. The SST products are used by the fishing industry for targeting species.
MARACOOS will support the Navy and BOEM with important animal tracking information, including for marine
mammals. MARACOOS will work with local aquaculture farmers to monitor key water quality metrics such as
dissolved oxygen, advancing understanding of ocean acidification and its impacts, and informing adaptive
management strategies for shellfish growers.
3. WATER QUALITY
Observing and forecasting dissolved oxygen, acidification, harmful algal blooms, and many additional parameters
are vital to the economy and health of the Mid-Atlantic. Water quality data support fisheries, natural resource
managers, state governments, economic councils, and the region’s vital tourism economy. MARACOOS and
MARCO co-lead the Mid-Atlantic Coastal Acidification Network (MACAN), whose partners provide pH data
through our developing monitoring infrastructure that is important for managing shellfish communities. We will
strengthen existing continuous time series efforts for water quality and phytoplankton biomass to track the species
and monitor harmful algal blooms, important for public and ecosystem health. Water quality needs such as
oxygen levels, especially in the coastal and estuarine environments, are particularly critical for fisheries and
fishing communities.
4. COASTAL HAZARDS
MARACOOS data ensure safer communities in the Mid-Atlantic. Data products are used by the USACE, the
USCG, NWS, NHC, state emergency managers, state planners, town planning bodies, ports, ship pilots, and
others. MARACOOS gliders provide a picture of the temperature variability and structure of the MAB, which is
crucial for storm intensity prediction. The MARACOOS coldest pixel SST product is especially useful for
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investigating air-sea interactions in tropical cyclones. Important to WFOs and emergency managers, HFR and our
modeling efforts help predict coastal sea level, waves, storm surge, erosion, and coastal currents. MARACOOS
will also use citizen science and community engagement to reduce loss of life by providing and communicating
data on flooding from MARACOOS and partners, helping citizens in their decision to shelter in place or evacuate.
5. ENERGY
Offshore wind energy is a rapidly growing industry, with >1500 turbines planned for the Mid-Atlantic Bight
during the coming 12-year period. Accurate, real-time data and forecasts are critical for the development of the
industry as well as to support existing and competing uses in this ocean space. Wind speed as well as currents and
other important parameters are provided through gliders, drifters, moorings, satellites, shore stations, and HFR.
The SST products flow into partner atmospheric forecasts, which are used by government and industry. The SST
coldest pixel product is especially useful for modeling near-shore wind fields in areas of active wind farm
development. The seabreeze predictions generated with MARACOOS data also support state agencies and
onshore energy demand calculations that benefit energy rate payers. Gliders help automate environmental
subsurface assessment, as we develop new modes to monitor natural resources, including endangered species, and
essential features, such as the cold pool. Additional data are leveraged through a growing number of offshore
wind developer agreements. As wind turbines are likely to have an adverse impact on HFR data coverage,
MARACOOS, in partnership with IOOS and DOE, is an important leader on interference mitigation for the
growing offshore wind energy sector.
d. Strategic Planning
Strategic planning involving constituencies both external and internal to MARACOOS has been a long-standing
and integral component to the development of MARACOOS. The first level of external guidance for strategic
planning comes from the US IOOS Office. With national priorities in hand, MARACOOS engages many levels
of federal, state, and local/regional governments, business and industry sectors, non-governmental organizations,
community groups, academic partners, and coastal residents to identify high priority issues relevant to the MidAtlantic region. Input is gathered at community and in-person meetings, workshops, training sessions, focus
groups, through web-based feedback services, through review of strategic plans, and prioritization documents,
as well as needs assessments compiled by partner organizations at local, regional, and federal levels.
Engagement is on-going throughout the region and MARACOOS is committed, as is evident through its formal
stakeholder engagement program, to growing and maintaining a strong, diverse, and engaged user base that
provides regular inputs on needs and priorities. Through stakeholder engagement, MARACOOS also gathers
critical assessment on the effectiveness of the regional system in satisfying its diverse user needs.
With this foundation, MARACOOS conducted a strategic planning process from December 2019 to June 2020,
engaging its Board, partners, and stakeholder communities to revisit its vision and mission, core values, priority
goals, and core strategies. Using web-based and electronic tools, along with facilitated webinars, MARACOOS
developed its strategic plan for FY 2021 - FY 2026. The strategic plan overview can be found here
(http://maracoos.org/doc/MARACOOS%20Strategic%20Plan%20Overview%20June%202020.pdf), and serves
as the basis for staff work plans and performance management. Staff report on work plan progress to
management, and the Board is updated regularly on strategic plan implementation progress.
e. Preparation of the Program Plan 2021-2026
MARACOOS, through its Board of Directors and rich stakeholder engagement process, sets a 5-year planning
horizon for the program, and is reviewed annually to ensure that the organization is focused on relevant,
appropriate, and timely activities while still maintaining its focus on overarching goals and objectives tied to the
national observing enterprise. The goals, objectives, and recommended actions represent a collection of
expressed needs, gathered over years and geographies, carefully matched with the capabilities of MARACOOS
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Principal Investigators, Staff, and Board of Directors to create a cost-effective, operational observing system.
Continuing to build on the accomplishments and lessons learned and based on self-evaluation of our 5
subsystems and their impacts, national level guidance (via the FFO itself and the national guidance documents
quoted within), and continued stakeholder input for prioritized expansion of our activities, MARACOOS
conducted a comprehensive process with the partners and stakeholders in the region to develop the program
plan for the new 5-year period (2021-2026).
With the Strategic Plan as a foundational document, MARACOOS conducted a Request for Letters of Interest
process that drew nearly 40 submissions from across the region, totaling $49 million in funding requests to
support the operation of the MARACOOS regional subsystems.
MARACOOS applies a comprehensive engagement strategy and leveraged approaches with partners to ensure
that our proposal represents the interests of the diverse data providers and user groups in our region. We
encourage and enable active participation in regional activities. As part of our strategic planning effort and in
support of the next 5-year planning process, MARACOOS conducted a Request for Letters Of Interest process
from March – October 2020. The process included existing partners while welcoming new partners and
solicited project ideas to support existing themes and efforts as well as new or emerging areas of focus,
technologies, and platforms to support broad coverage of the various and diverse stakeholder communities in
the Mid-Atlantic. The submissions were reviewed by an independent panel of experts, drawn from the east
coast and Gulf of Mexico regions. The results of the review process formed the basis of the selections for the
5-year, $30 million, program plan.
MARACOOS recognizes the lack of diversity in ocean and coastal sciences and commits to continue to build
an inclusive and equitable community in the Mid-Atlantic. Inclusiveness is a key policy and practice in our
workforce development, including internships and mentoring programs, which are vital for the development of
the broader ocean observing and engagement workforce. MARACOOS conducts operational efforts with
many partners, including minority- serving institutions, who provide key scientific and stakeholder input. Our
stakeholder engagement activities are directed towards listening to all residents, practitioners, and visitors to
the Mid-Atlantic, including vulnerable communities along our coasts and waterways.
Regular and open communications among our teams, and with the communities, facilitates information
exchange as well as opportunities for partnering and the development and inclusion of new capabilities and
partnerships. MARACOOS will continue to work internally and across the region, with: IOOS regions, the
Program Office, and partner institutions to expand and diversify the ocean, coastal, and Great Lakes
workforces and to improve our ability to provide relevant ocean and coastal data and information to all MidAtlantic communities.

4) IMPLEMENTING THE PROGRAM PLAN THROUGH MARACOOS’

SUBSYSTEMS
a. Background
MARACOOS has a demonstrated record of successfully managing and operating the regional subsystems as an
integrated end-to-end system—from data observations through modeling and data dissemination to data
archiving, underpinned by a standards-based data management system that enables discovery and real-time
access to data and information by stakeholders and partners across the range of critical stakeholder-defined
focus areas in the Mid-Atlantic. This integration is expressed and supported through the MARACOOS Strategic
Plan (2020 - 2025) and the emphasis on our 5 stakeholder-defined focus areas: maritime safety and commerce,
coastal hazards, water quality, fisheries and natural resources, and energy.
9

The following sections describe the essential MARACOOS subsystems that underpin and support all
MARACOOS projects, activities, and accomplishments. These subsystems are:
(1) Governance and Management (G&M)
(2) Outreach, Stakeholder Engagement, and Education (O,SE&E)
(3) Observing (Obs)
(4) Data Management and Cyberinfrastructure (DMAC)
(5) Modeling and Analysis (M&A)
b. Governance and Management Subsystem
Our governance and management subsystem provides the overarching management and coordination of the
regional observing system, its partners, and the subsystem elements. Through dedicated staff, augmented with
focused, distributed expertise, this subsystem embodies the IOOS concept. As we pursue a regional approach
that prioritizes efforts and investments to serve critical stakeholder needs, we ensure adherence to national
standards and principles, including best practices and procedures outlined in programmatic environmental
assessment and project criteria.
MARACOOS will continue management and oversight of the observing system and its various integrated
components outlined in the individual subsystems, as well as internal interaction and coordination with the
staff, Board of Directors, and membership community, and external interactions and coordination with partners
across the region and across IOOS, including the US IOOS Program Office, IOOS Association, and regional
associations. MARACOOS will complete its submission for IOOS recertification as a regional association
under 15 CFR Part 997, for which the preparatory process, in partnership with the US IOOS Program Office,
has already begun.

Table 1. MARACOOS governance milestones for the five years of the project.
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c. Outreach, Stakeholder Engagement, and Education Subsystem
The MARACOOS stakeholder engagement subsystem forms the basis and driver of the user-prioritized
investments in observing and the resulting information products. MARACOOS accesses and identifies
regional needs and priorities via consultation with the broad range of regional stakeholders. This
initiative comprises a variety of efforts, including: (1) an annual member/stakeholder meeting; (2)
theme-focused workshops; (3) individual and group interactions across the region; and (4) leveraged
interactions through allied partners’ organizations. Our engagement activities span and target all aspects
of the Mid-Atlantic citizenry, including stakeholders and partners across the stakeholder-defined focus
areas, academia (students and educators at all levels, including minority-serving institutions and
underserved communities), private sector and industry, government (federal, state, local, tribal
government, and regional partnerships), and nonprofit entities. Ongoing interaction among the
engagement staff/partners, the observing system operators, the modelers, and the data management team
provides the avenue for regular exchange and adjustments to operations and product development,
underpinning a strong connection along the R2O/O2R continuum.
Success in stakeholder engagement is an iterative process that involves a diverse, expansive, and
comprehensive approach that: (1) connects our stakeholders and our existing efforts to ensure utility and
value; (2) develops relationships with additional stakeholders in our existing communities; (3) connects
with new stakeholder groups to assess emerging information needs in the region, along with the tools,
platforms, data, and interfaces needed to address them; and (4) shares information and resource
collaboration among allied organizations (including Sea Grant, NERRS, MARCO, academic outreach,
NOAA offices, state agencies, private sector partners, etc.) to serve growing numbers of stakeholders
and communities. As part of our efforts, we enhance and amplify the missions and objectives of partner
organizations. For example, we support NOAA’s mission with: (1) stakeholder engagement and
feedback on COOPS and PORTS products; (2) as a Weather Ready Nation ambassador; (3) as hurricane
science and forecasting storytellers; and (4) by enhancing collaboration between fishers and science
agencies.
MARACOOS recognizes the lack of diversity in ocean and coastal sciences and commits to continue to
build an inclusive and equitable community in the Mid-Atlantic. Inclusiveness is a key policy and
practice in our workforce development, including internships and mentoring programs, which are vital
for the development of the broader ocean observing and engagement workforce. MARACOOS conducts
operational efforts with many partners, including minority serving institutions, who provide key
scientific and stakeholder input. Our stakeholder engagement activities are directed towards listening to
all residents, practitioners, and visitors to the Mid-Atlantic, including vulnerable communities along our
coasts and waterways.
Table 2. MARACOOS engagement milestones for the five years of the project.
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d. Observing Subsystem
Our observing subsystem prioritizes investment in, and maintenance of, state-of the-art, cost-effective
observing infrastructure that is regional in scale, provides gap filling for the national network, and supports
efficient operations for ourselves and our federal, state, and local partners. We address the regionally relevant
IOOS core variables and contribute to national capabilities, including ensuring quality assurance and QC, based
on IOOS certification standards.
MARACOOS operates three gap-filling ocean observing technologies: satellites receiving stations, HFR, and
Gliders, though other observing technologies will be added if additional funding is available. DMAC integrates
these datasets with additional external datasets and data assimilative models. In the period 2021-2026,
MARACOOS will evolve the Observing Subsystem as follows:
The observing subsystem will sustain and enhance its year-round operations of the 3 pillars of the foundational
observing system, including: (1) the existing 40 sites in the Mid-Atlantic HFR network; (2) the 7 partnerinstitution, underwater glider network; and (3) our high-quality satellite data collection. We will also strive to
replace aging infrastructure and expand coverage as supplementary funds are secured and invest in new data
collection through drifters, moorings, fixed platforms/stations, and animal platforms. We will work closely
with our neighboring regions, SECOORA and NERACOOS, to ensure continuity of quality data at the
boundaries where domains overlap. As additional funding becomes available, new areas of focus and expertise
will support: 4) Deployment of drifters, 5) Deployment of moorings, 6) Deployment of fixed platforms, and 7)
Deployment of animal platforms.
Overviews of each observing technology are shown below. Each section includes a milestones table for the 5year MARACOOS project for funded activities and expanded milestones (italics) should additional funding
become available.
1) High Frequency Radar (HFR). Ocean currents drive coastal surface waters that have profound
societal impacts on the population living within 50 miles of the coast. The continued operation and
maintenance of the HFR network, one of our highest priorities, is essential for delivering quality12

controlled (QC) data to the National HFR Network and meeting operational user needs that include:
USCG Search and Rescue Optimal Planning System (SAROPS), USACE, MARACOOS modeling
group, NWS Advanced Weather Interactive Processing System (AWIPS2), state governments, NOAA
Physical Oceanographic Real-Time System (PORTS), and WFO WAVEWATCH III for maritime
commerce, safety, weather forecasting, and coastal hazards. MARACOOS will continue to leverage the
historical investment of $6.6M in infrastructure represented by the 40 existing HFR sites in the MidAtlantic region, and 3 sites on the border with the Southeast region.
MARACOOS will collect surface current and wave data in the Mid-Atlantic region, through the
operation and maintenance of HFR. We will measure radial currents and generate total surface current
measurements at several scales, as well as collect wave data at select stations. We will work closely with
neighboring regions, SECOORA and NERACOOS, to ensure continuity of quality data at the boundaries
where domains overlap. Our HFR work plan addresses: (1) operations and maintenance; and (2)
improvements and expansions. Our prioritization approach for radar support, location, and products is
continually monitored and updated through a series of meetings with operators and stakeholders. We will
continue to focus on measurable indicators of performance, aiming to meet the USCG availability metric
of 140,000 km2 80% of the time for the 6 km regional, and the National HFR Network’s 80% mark for
radial availability from each station.
In addition to maintaining system performance at our existing HFR sites, we will: (1) further develop the
implementation of real-time automated QARTOD-level QC of the radial and total surface current
measurements; (2) expand radial metric level QC on HFR measurements through collaboration with
SECOORA and NERACOOS; (3) increase the Lagrangian trajectory modeling skill of the radar
network; (4) engage with modelers to increase the use of HFR data for assimilation into, and validation
of, oceanographic models that provide forecasts to users for a variety of purposes; and (5) develop gapfilled products that will be tailored for modeling efforts. Two challenges for the network already being
addressed are: (1) transitioning operations to designated ITU frequency bands; and (2) limiting expected
interference from offshore wind turbines. Milestones for HFR are shown in Table X.
If funding permits, MARACOOS will add up to three HFR stations per year, distributed over three subregions (north, central, and south). Additionally, while not a region-specific issue, we suggest discussing
QC improvements to the radial and total data products with HFR National Network and regional points
of contact, driven by a recent NASEM-funded HFR project.
Table 3. MARACOOS HFR milestones for the five years of the project.

2) Gliders. The MARACOOS glider program consists of 7 partner institutions that will provide
dedicated, coordinated glider runs, leveraging a combination of MARACOOS and partner assets. The
glider program will provide real-time regional physical/chemical/biological data for every season across
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the entire MAB. MARACOOS glider data are critical for US Navy, NOAA EMC, NMFS, NWS, IOOS,
state DEPs, MARCO, BOEM, and others, and support work on coastal hazards, water quality, fisheries,
maritime commerce, and provide rapidly growing utility for offshore wind energy. Mapping of the MAB
cold pool with gliders is important given its influence in driving physical/chemical/biological variability
in the MAB. Cold pool data are critical for fisheries management and forecasting tropical cyclone
intensity at landfall.
Table 4. Underwater glider milestones for the 5-year MARACOOS project.

We will conduct four (4) 40-day missions in Years 1 and 3, and eight (7) 40-day missions in Years 2, 4
and 5. In years 1 and 3, we will acquire an additional glider to address the glider fleet’s aging
infrastructure. The glider runs are distributed across five (5) zigzag paths distributed evenly from north
to south in the MAB and coordinated with leveraged runs from other funding sources. Generally, the
missions consist of two gliders launched simultaneously in the north and to the south. Data are critical to
the understanding and prediction of hurricanes & extreme storms, fisheries management, endangered
species protection, and sustainable resource use. These data will assist federal and state officials and
offshore wind industries in support of sustainable environmental management and will provide insights
into outer boundary forcing of the MAB associated with the Gulf Stream and Warm Core Rings. Gliders
will provide decimated, open access, and near real-time data for numerical modelers through the IOOS
Glider DAC as well as full data sets upon glider recovery.
If funding permits, MARACOOS will deploy higher spatial resolution glider missions nearshore in
support of state water quality, regional ocean acidification, and local industry needs through leveraging
efforts with states’ environmental protection/regulatory agencies, and the private sector. For this
expanded effort we propose to conduct an additional eight (8) 40-day missions in Years 1 and 3 as well
as four (4) 40-day glider missions in years 2, 4, and 5.
3) Satellites. The MARACOOS satellite program will continue to serve stakeholders by delivering
tailored products 6 hours before they become available on federal databases. These 6 hours are a critical
time gap for both managerial and commercial stakeholders that need “just-in-time” data for their
downstream services. Stakeholders that use “just-in-time” data include regional ocean and weather
forecast modelers, fisheries forecast services (both commercial and public), commercial fishers, the
offshore wind industry, and state-level natural resource departments. Federal databases experience
periodic outages that can delay data for hours to weeks. Our team will continue to maintain 30+ regional
products that are not readily available on federal databases. Our team serves them faster, with more
temporal composites (1, 3, 8 day) and at higher spatial resolution (1 or 2 km vs 2 or 4 km), in line with
stakeholder needs.
MARACOOS will maintain the satellite and computing infrastructure that deliver the regional real-time
and climatological products for our users from polar orbiting and geostationary satellite systems. Polar
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orbiting systems like the AVHRR series, MODIS-Aqua, VIIRS-NPP, and the JPSS satellite series
provide daily sea surface temperature (SST) and ocean color products like chlorophyll. Geostationary
satellites like GOES-16 provide hourly SST data, as well as true color images that can be used for storm
event tracking. Milestones for satellites are shown in Table X.
These data streams are used directly, assimilated into models, developed into regional products (like
species distribution models), and used contextually with other products that address stakeholder needs.
The SST, SST anomaly, and chlorophyll products are used by many stakeholders for ocean data
assimilation (regional scientists), real-time atmospheric weather forecasts (state agencies and wind
developers), contextual information (general public and fishers), climate change (researchers) and to
develop downstream products (small businesses like ROFFS™).
Table 5. Satellite Product milestones for the 5-year MARACOOS project.

The remainder of the operations tasking will be performed should additional funding become
available.
4) Drifters. Should additional funding be available, and in partnership with NERACOOS, we
intend to create a network of partners along the entire seaboard for the routine building,
deployment, and recovery of drifters, with data accessible and regularly integrated in shelf-wide
circulation models. Drifters validate key models that support USCG search and rescue and other
ocean models, while helping scientists to map things like marine debris and fish larvae
transportation in the ocean to better manage our natural resources. The USCG, marine biologists,
ocean modelers, marine debris scientists will benefit from these data. MARACOOS will deliver
6 drifter kits per year to up to three different schools. These student-built units are assembled in a
few hours and volunteer mariners (usually offshore fishers) will deploy the drifters. All tracks
will be displayed in real-time on a NOAA website and MARACOOS OceansMap. Data will be
served according to IOOS standards via ERDDAP and archived accordingly. Drifters will be
decommissioned after leaving the US coastal model grid domains. This project can be scaled up
to the national level following strict oceanographic standards for building and deploying assets.
If funding allows, we would build and enhance the existing drifter database with historical data.
Table 6. Milestones for MARACOOS drifter work over the next 5 years.
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5) Moorings. If funding allows, MARACOOS will include moorings and other in situ
measurements among its core observing assets. We are adding instrumentation on a regional level
(fishing gear monitors) and on a local level (Delaware Bay and coastal ocean, Chesapeake Bay,
Indian River Bay, Barnegat Bay). These systems will include standard measurements of
temperature and salinity, but also offer water quality measurements such as pH, oxygen,
dissolved inorganic carbon and pCO2. These local systems are networked through MARACOOS
and scalable, as appropriate.
a. Monitors on Fishing Gear: In partnership with NERACOOS, we propose to leverage an
existing partnership with fishers and provide local ocean models (like Doppio) real- time bottom
temperatures as measured on fixed and mobile commercial fishing gear. We will also support
fishing companies’ efforts to maximize their yield by helping target better fishing grounds. We
will upgrade their fleets with new probes, deck-boxes, and transmitters. If funding permits, up to
four new boats will be fitted each year with newer technology, including more enhanced deckboxes and other sensors to monitor dissolved oxygen, currents, and weather. The new, more
robust deck-boxes will provide cost savings through the replacement of satellite ship- to-shore
transmissions with cell phone connectivity.
b. Delaware Inland Bay OA Monitoring: In partnership with Delaware Cultured Seafood (DCS) and the
National Estuary Program’s Center for Inland Bays, and in coordination with MACAN, we will
establish an acidification variable monitoring site in Delaware Bay to provide essential information
about short-term variability, near real-time monitoring for hatcheries and oyster reefs, and long-term
trend assessments. We will purchase and install one new SeapHOx pH and dissolved oxygen sensor at
the DCS oyster lease site in the Delaware Inland Bay, west of the Indian River Inlet. The data will
determine acidification drivers and the overall water column chemistry effects on acidification. From
the high frequency (1-hour) pH and salinity observations, we will calculate carbonate parameters
including carbonate saturation state, dissolved inorganic carbon, and total alkalinity, all of which are
important to water quality and shellfish health. These efforts will support shellfish aquaculture, the
Center for Inland Bays, MACAN, and other key water quality stakeholders in the region.
c. OA Monitoring in Three Bays: In partnership with MARCO, MACAN, State of Delaware’s Dept. of
Natural Resources and Environmental Control (DNREC), and other institutional partners, we will build
capacity for long-term, continuous monitoring of water quality and coastal acidification in the
Delaware Bay, and several NEP and NERRS sites in NJ and DE, by expanding the NOAA NERRS
System-Wide Monitoring Program (SWMP) to incorporate pCO2 sensors in distinct geographical
regions (coastal bay, bay, and tidal tributary) near aquaculture lease areas and shell resource areas. The
five proposed monitoring stations span a range of environmental conditions, allowing for rigorous
testing and development of QA/QC flags that will be applicable to other estuarine systems in the MidAtlantic region. We will: (1) determine baseline conditions and provide long-term, continuous spatial
and temporal water quality and coastal acidification data for shellfish growers throughout the region;
(2) develop a standard operating procedure and cost estimate for programs considering adding
acidification monitoring to existing water quality monitoring efforts; (3) provide regional training
opportunities on acidification monitoring; and (4) develop a user-friendly, interactive data visualization
product for aquaculture leaseholders. The data will be publicly available for use by a range of
stakeholders including the aquaculture industry, state water quality managers, and academic
researchers. Shellfish growers will benefit economically through an enhanced ability to predict, track,
and respond to changing conditions that will lead to improved current and future production.
d. Chesapeake Bay Hypoxia: MARACOOS will install a dissolved oxygen monitoring system in the
Chesapeake Bay (CB) that will provide high-resolution near real-time data of bottom and water column
dissolved oxygen to assess hypoxic/anoxic events in the CB that will serve a large variety of
stakeholders (fishers, decision makers, water quality monitoring programs, and modelers, including the
ChesROMS/CBEFS model). It will also improve and optimize the observational system using
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feedback from users and lessons learned during implementation. This observing system will consist of
two stations with two components each to measure: (1) high-frequency bottom dissolved oxygen (plus
T&S); and (2) high-frequency, high-resolution water column profiles of dissolved oxygen (plus T&S)
obtained by Wirewalkers. This system will be invaluable to advancing hypoxia forecasting as it
provides continuous real-time data on the severity of hypoxia in CB and captures high-frequency
variability that is not resolved by existing shipboard surveys.
e. Delaware Water Quality: MARACOOS will initiate a real-time observing network for waves, water
levels, and water quality parameters at Delaware’s Atlantic-fronting shoreline and inland bays. The
measurement network will consist of 2 advanced field stations, 5 basic field stations, and 3 Spotter buoys
(2 in the inland bays and 1 at the Atlantic-fronting shoreline). This network will monitor the chemical
and biological integrity of Delaware Inland Bays and the interactions between physical processes, such
as runoff from coastal flooding, and seasonal change in river discharge and water quality, such as diel
cycles in dissolved oxygen and growth and migration cycles of organisms (e.g., phytoplankton). One of
the basic field stations will be equipped with an existing submersible laser-diffraction based particle size
analyzer to quantify seasonal and storm-induced sediment dynamics. Offshore wave measurements will
be collected with an existing Spotter buoy. The observing network will serve data regionally through
OceansMap, as well as locally through the Delaware Environmental Observing System (DEOS).
Stakeholders include the Center for the Inland Bays, the DNREC, and the Town of Bethany Beach,
Delaware.
f. Animal Telemetry: MARACOOS will continue to support ACT/MATOS, the Mid Atlantic node of the
US Animal Telemetry Network (ATN). MARACOOS will maintain a backbone acoustic receiver array
adjacent to Delaware’s Atlantic fronting shoreline and extending into the Delaware Wind Energy Areas
– a critical location for supporting management of fisheries and understanding the impacts from offshore
energy. Data will be uploaded into the ACT_MATOS database including: (1) project metadata; (2) tag
and tagged animal metadata; (3) acoustic receiver deployment and retrieval metadata; (4) bottom
temperature; and (5) tag detections. These data will continue to support a diverse set of stakeholders in
fisheries, energy, and water quality through stock, habitat, and behavior assessments for key species.

17

Table 7. Milestones for MARACOOS mooring work over the next 5 years.

6) Fixed Platforms. Should additional funding become available, MARACOOS will augment its
core observing system by adding fixed platforms to monitor HABs (Raritan Bay, NJ), and other
platforms for flood monitoring to support storm- related flood forecasts (Sea Bright, NJ,
Rockaway, NY, and coastal Connecticut).
a. Flood Detection in the NY Bight: MARACOOS will create a “shore and street” coastal
flooding test-bed, focusing on the most highly populated part of the region, the NY Bight. We
will: (1) leverage and expand existing citizen science observations and two-way engagement; (2)
create a new cross-coastal hazard camera observation and street flood sensor network; and
(3) create new probabilistic forecasts of flooding and erosion. The effort will fill a critical gap in
the MARACOOS observing system where rising flood frequencies are impacting some of the
region’s most low-lying neighborhoods. We will deploy several street cameras in Rockaway
Peninsula, NY and Sea Bright, NJ, including: (1) surveying existing beach and street cameras and
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their applicability to our needs; (2) installing street camera systems; (3) providing online data
access and archives with metadata; and (4) leveraging other funds to develop Artificial
Intelligence (AI) flood models based on predicted rain and water levels.
b: Phytoplankton community composition and Harmful Algal Blooms in Raritan Bay: In
coordination with Naval Weapons Station Earle (NWS Earle), we will install an ocean observing
system at the NWS Earle Pier, extending two miles from shore into Sandy Hook Bay, focused on
acquiring data on phytoplankton community composition, HAB surveillance, and water quality.
Through the installation of several assets, including an Imaging FlowCytobot, the system will
address regional stakeholder needs (New Jersey’s DEP, Hudson River Foundation, NY/NJ
Baykeeper, and the research community) by providing the first continuous time series of
phytoplankton composition and biomass. This will facilitate understanding of: (1)
phytoplankton-based ecological indicator development; (2) the occurrence and patterns of HAB
species that threaten coastal resources; (3) impacts of climate change and coastal ocean
acidification on phytoplankton communities; and (4) factors affecting the efficacy of oyster
replenishment programs in the Hudson River ecosystem.
c: Real-Time Coastal Sensor Network for Connecticut: MARACOOS will install a real-time
flood monitoring network to support Connecticut coastal community resilience to increased
flooding of roads and critical infrastructure. The network will measure water level fluctuations in
local inlets and around culverts to provide real-time water levels, warning local officials of
imminent flooding. The flood monitoring network will benefit a variety of stakeholders,
including local communities, by: (1) reducing economic losses due to frequent flooding; (2)
providing accurate tidal variability, temperature, and sea level estimates for marsh mitigation
zones; (3) improving the calibration of the flood models for accurate future forecast; and (4)
assisting in flood protection and adaptation method designs. The network will consist of 4 sites
along the Connecticut coast (2-3 water level and barometric loggers per site, or acoustic range
sensors) in shallow water (0.5 m – 2 m deep in the entrance of culverts, bridges, and inland marsh
areas). The novelty of the work will be: (1) developing annual exceedance probability for
frequent storms and high tides at the local level to prepare communities with future flooding
estimates; (2) calibrating numerical models to various flow data for more accurate storm flooding
forecasts; (3) improving understanding of momentum balance along with tides in salt marshes;
and (4) comparing flow momentum diagnostics with similar-scale channels.
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Table 8. MARACOOS Milestones for fixed platforms over the next 5 years.

7) Animal platforms. In order to increase our offshore in situ measurements of temperature and
salinity for model assimilation and validation, we will add animal platforms of opportunity to our
core observing system, specifically tagging sharks, White Marlin, and roundscale spearsfish,
should additional funding become available.
a: Animal-Borne Ocean Observing Tags: Building on the current, three-year NOPP OTT project
(title: Advancing and integrating animal-borne tags into regional ocean observatories in the
Northwest Atlantic), in years 4 and 5 we will sustain/operationalize the collection and model
assimilation of science quality conductivity, temperature, and depth profiles through the
application of biologging technology to sharks in the MAB. We will tag Blue Sharks and juvenile
White Sharks with the newest generation of animal borne CTD tags (Sea Mammal Research Unit,
SMRU), and use the sharks as autonomous oceanographic sampling platforms in the Northwest
Atlantic. Tagged animals will provide real-time, in-situ ocean observations to MARACOOS and
the ATN, which will be available to the oceanographic community. This effort will benefit a
variety of stakeholders, including weather forecast modelers, commercial and recreational fishers,
coastal managers, the offshore wind community, and other regions. Our team has an approved
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University Institutional Animal Care and Use Permit (AUP# 1339-2019-(1)).
b: Recreational Fish Tagging: In partnership with SECOORA and ROFFS™, we will support stock
assessments, conservation, and effective management of white marlin, an economically valuable, highly
migratory species, through a tagging and tracking system. MARACOOS will deploy 12 Wildlife
Computer MiniPATs on two species each year for 3 years, using experienced taggers on vessels of
opportunity within the ROFFS™ client fleet. These data will cover MARACOOS and SECOORA
regions, providing 12-month migration tracks that include millions of temperatures at depth records
throughout the northwest Atlantic. Tags will be pre-programmed to transmit location, depth, and
temperature data to the Argos satellite network, the Wildlife Computers Data Portal, and to the
MARACOOS DMAC system. This will help: (1) improve and validate oceanographic and weather
models; (2) couple animal telemetry networks with remote sensing and buoy observations; (3) assess
coastal economic impacts associated with spatial and temporal shifts in distribution of the fishery due to
climate change; (4) support end- users and the fishing/scientific community with adaptation strategies;
and (5) provide critical life history information to support the coastal communities that rely on these
species.
Table 9. MARACOOS Milestones for animal platforms over the next 5 years.

e. Data Management and Cyberinfrastructure Subsystem
The MARACOOS DMAC subsystem is a robust, services-oriented system that defines the framework,
tools, and approaches to manage the entire data lifecycle from generation to archiving for a variety of
observational assets and numerical model simulation results. Data streams include regional sources,
regardless of whether data collection is funded by IOOS, and relevant federal sources such as model
predictions, buoys, and satellite streams. To retain and maximize data value, MARACOOS will continue
to invest significant resources in both DMAC and stakeholder engagement to ensure that the DMAC
system effectively facilitates discovery, access, and understanding of regional and relevant national
observation data and numerical simulation results.
To manage data quality, distribution, services, monitoring, and collection of metrics, MARACOOS will
continue with a centralized data aggregation approach, in the form of a regional DAC, for model and
observation data. MARACOOS’ data centralization efforts include management of observing data
generated by 10 core academic institutional partners, as well as data collected by non-partner
organizations in the private and non-profit sectors, state government and regional organizations, other
academic partners, and numerous federal agency partners. Over the next 5 years we will focus on core
MARACOOS data streams such as HFR, gliders, satellite products, and numerical model predictions such
as CBEFS, Doppio, and Long Island FVCOM. We will also integrate new projects related to bottom
temperature monitoring (formatted to meet IOOS standards and using ERDDAP), flood detection and
prediction (applying best practices from other regions on managing video feeds), and biogeochemical and
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ecological coupled modeling (managed like other model outputs). We will continue to deliver data to
national DACs (such as the GliderDAC, the National HFR Network, and the ATN DAC), and continue to
coordinate archiving with NCEI, including continuing glider data archival through the GliderDAC, and
working towards archiving the MARACOOS HFR total vector product. As expanded project areas for
moorings, fixed stations, and animal platforms come online, we will ingest, manage, and make the data
available. We also will sustain MATOS, part of ACT, by: (1) maintaining the ACT_MATOS database as
the Mid-Atlantic database node of the US ATN and sharing with the FACT and OTN networks; (2)
including satellite telemetry researchers in network activities; and (3) creating workflows to integrate
telemetry, observations, and models with fisheries, energy, and water quality areas.
The DMAC subsystem will continue to include: (1) harvesting and storage of in-situ and remotely sensed
observation data and numerical simulation results; (2) application of QC (QARTOD) when required; (3)
implementation and management of standards-based data access services which currently include
THREDDS, OPeNDAP, ERDDAP, and WMS; (4) provision of data in approved common data formats
such as NetCDF; (5) infrastructure for hosting data and services; (6) data-model connections for
assimilation and comparison; (7) product generation; (8) delivery of data to operational users; (9) support
of data discovery via IOOS Catalog and exploration, visualization, and analysis using MARACOOS
OceansMap; and (10) coordination of archiving efforts with NCEI. Automated processes facilitate
aggregation, quality-control, and monitoring of all data streams.
The subsystem will continue to support numerical model predictions and the modeling and analysis
subsystem in several ways: (1) delivering current predictions from Doppio to the USCG to support Search
and Rescue planning; (2) providing access to sources such as satellite, HFR, gliders, and point
observations such as ASOW to modelers to support model-data assimilation; and (3) using MARACOOS
OceansMap tools to connect models and data, allowing users to run on-the-fly model validations, which
compute error metrics and generate comparison plots for numerous model parameters and observation
data sources.
The centralized data management and distribution system uses a hybrid of servers housed at a secure
offsite facility and the cloud. Our DMAC team is currently developing a transition plan for upgrading the
MARACOOS infrastructure with an eye towards designing and implementing a cloud-based system,
including a thoughtful migration designed to be scalable and extensible, taking advantage of the strengths
of the cloud. Members of our DMAC team have been working closely with the IOOS P.O. to address the
challenges of working with tools like THREDDS in the cloud to manage large amounts of data (the
‘IOOS EDS TDS’ project). As that effort progresses, we will leverage these THREDDS improvements to
improve the efficiency and performance of MARACOOS services. Our DMAC partner, RPS, is also
working on evolving beyond standard tools like THREDDS and ERDDAP and leveraging cloud native
solutions that scale, are cost-efficient, and improve data availability and access. RPS is also working on
the next version of MARACOOS OceansMap, which is component-based, modular, mobile-ready, and
designed to be easily enhanced, customized, operated, and maintained.
The DMAC team will coordinate and collaborate with experts from other RAs, the IOOS P.O., and the
MetOcean data community at large, in order to ensure best practices for application of DMAC tools as
well as to enable review and integration of newer technologies and solutions. Our approach to emerging
technologies over the next period will be to provide stability while also reviewing and, as appropriate,
adding new components that enable technologies such as distributed computing, AI and machine learning,
and real-time data delivery using IOT, while reducing the barriers to the use of these tools by our data
providers and users. This effort will include collaborating with other regional and national efforts focused
on similar goals such as Pangeo, the cloud sensor data ingest prototype being developed by RPS,
NERACOOS, GLOS, and PACIOOS, and work on the Smart Great Lakes initiative with GLOS. Over the
next five years, MARACOOS plans to continue and increase our contribution to, and leveraging of,
regional and national efforts that support pan-regional interoperability. We currently leverage many tools
and approaches that promote efficiency and support interoperability through our DMAC partner (RPS),
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who work with several regions, the IOOS P.O., and other federal partners. Examples include the EDS, the
IOOS EDS TDS, Cloud Sandbox, IOOS QARTOD package, Compliance Checker, and IOOS Catalog.
The MARACOOS OceansMap currently visualizes most of the model prediction results using the EDS
WMS services but expects to transition to the enhanced version of THREDDS and WMS developed by
RPS in the short term and work with stakeholders throughout the DMAC community to continue to
improve THREDDS and/or vet alternate solutions for efficient management of numerical simulation
predictions. Within the IOOS community, OceansMap is supported not only by MARACOOS, but also by
GLOS, the IOOS Program Office, and the GliderDAC. Production versions of OceansMap are also used
to support USACE, USCG, BOEM, and numerous other clients. We have been driving OceansMap
development, and subsequently leveraged numerous updates developed for others, including
enhancements to the time slider, vertical slider, table of contents, and profile plots. We also coordinate
with other IOOS RAs to share data management best practices and leverage data streams, including recent
examples of coordinating with NERACOOS on integration and sharing of buoy data from two offshore
wind developers — a model for expanded developments along the east coast with multiple developers.
We also work closely with MARCO and plan to leverage contextual data services for future topical
versions of OceansMap. Our team contributes to national and regional DMAC activities including the
IOOS DMAC annual meeting, subject matter specific meetings such as the recent biological data
standards workshop, and focused events such as the IOOS DMAC code sprint.
Table 10. MARACOOS Milestones for DMAC over the next 5 years.

Because MARACOOS relies on multiple technologies (ERDDAP, THREDDS, EDS) for distributing data,
we generate statistics on data and system use to help prioritize future DMAC enhancements, stakeholder
engagement, and marketing of data and services. Currently we collect system usage statistics using a
combination of Google Analytics and web log parsing, allowing us to understand web application usage,
as well as volume of direct data service access. We are updating our monitoring approach using Telegraf
and Grafana, which is well suited for monitoring services and applications using a system of checks and
alerts and will also modernize how we collect and visualize usage statistics. We also will publish statistics
on the MARACOOS website.
MARACOOS has an established history of commitment to the DMAC subsystem. MARACOOS
management and our DMAC team will work closely to prioritize and balance between engagement of new
contributors and users, and operations and maintenance, to ensure system robustness and technological
modernization. We allocate 8% of our annual budget to support DMAC, which supports a team of RPS
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experts, including MetOcean subject matter experts, software engineers, and senior level coordination.
f. Modeling and Analysis Subsystem
MARACOOS will operate both regional (Doppio and BGC) and subregional (CBEFS and FVCOMSWAVE) models. Below is a description of these planned efforts.
Regional Modeling
a. Doppio: The MARACOOS Ocean Forecast System: The Rutgers University Ocean Modeling Group
operates the “Doppio” ocean forecast system based on the Regional Ocean Modeling System (ROMS) with
4-Dimensional Variational (4D-Var) data assimilation (DA) of observations from in situ platforms, coastal
radars, and satellites, that covers the MAB, and is available on MARACOOS OceansMap. USCG, NMFS,
and offshore wind companies use the system for search and rescue, maritime safety, seasonal fish surveys,
and ocean-atmosphere prediction. We will expand the Doppio ocean forecast system in 4 ways. First, we will
harden the sustained real-time system by updating the software suite to use open-source community tools
that will improve system robustness, reliability, and efficiency. It will also improve data ingest of new data
streams and delivery of DA outputs to web services for stakeholders. Second, we will enhance the DA
system by operationalizing newly leveraged capabilities that decrease 4D-Var run times (the Saddle-Point
Algorithm), implementing enhanced resolution in the forecast (Split Scheme), and enabling HFR radial DA.
Third, we will strengthen system monitoring by: (1) operationalizing our new Observation Impact
Methodology (OIM) that contrasts the influence of data type and platform on stakeholder relevant metrics in
the DA and forecasts as metrics for stakeholders; (2) creating a web portal to document Doppio configuration
and performance; and (3) interactively monitoring OIM and forecast skill in near real-time. Fourth, we will
prototype coupled ocean/atmosphere forecasting using National Unified Operational Prediction Capability 2way coupling of ROMS and WRF in a Split Scheme forecast.
If funding allows, the enhanced portability code set will be used to configure fail-over systems in the event
of campus server or network downtime and to facilitate migration to the cloud. We will also deploy SaddlePoint 4D-Var to increase resolution of the DA analysis and add new satellite data streams to the suite of
observations assimilated in near-real-time. OIM experiments will be used to identify critical network
components, optimize moveable asset deployments, and determine complementarity of system elements.
Using the coupled forecast on subsequent DA cycles, we will implement weakly coupled data assimilation to
improve weather forecast skill by using MARACOOS data to improve modeled air-sea heat exchange.
b. Coupled Modeling for MARACOOS Ocean Forecast System: biogeochemical and ecological forecasts: If
additional funding is available, we will develop and implement a coupled biogeochemical (BGC) and
ecological forecasting system, bringing together the expertise and leveraging the efforts of our two flagship
modeling efforts: Doppio and CBEFS. We propose to implement our MAB coupled hydrodynamic
biogeochemical model in an operational mode as a part of the MARACOOS ocean forecast system. This
would add to the real-time Doppio system the capability to deliver shelf-wide forecasts of biogeochemical
conditions, including acidification metrics, that would inform a variety of uses, including
aquaculture, fisheries, and water quality applications. We will: (1) update the BGC module for use in the
MAB; (2) develop river and open boundary condition information that are available in real-time; (3) run a
2010-2020 hindcast, evaluating model skill and adjusting the BGC module as needed; and (4) make our
findings available for further application. End-users for this project include fishers, aquaculturists, coastal
managers, and academic scientists. The project team will build on established connections with recreational
anglers and charter boat captains from VA, MD, and other Mid-Atlantic locations to ensure stakeholders
fully utilize the information.
We will couple the BGC model with the data assimilative version of the physical model, in anticipation of
running the BGC model in full real-time/forecast mode. Additionally, we will implement automated services
to acquire and prepare the necessary input data streams (e.g., river and open boundary BGC inputs, nitrogen
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deposition). These will be prototyped to operate in parallel with the real-time Doppio physics forecast, and
once verified to run stably and reliably, will be incorporated into an integrated unified workflow.
Subregional Modeling
a. CBEFS: The Chesapeake Bay Environmental Forecast System: With prior NOAA-IOOS and
MARACOOS funding, the ChesROMS team developed CBEFS, a Chesapeake Bay-wide model prediction
system to provide daily real-time nowcasts and short-term forecasts of numerous environmental variables
based on a Chesapeake Bay (CB) ROMS implementation of the Estuarine-Carbon-Biogeochemistry model.
We will strengthen the CBEFS system by: (1) sustaining CBEFS forecasts on MARACOOS CB OceansMap
by ensuring continuous daily simulations and developing continuous nowcast input files at the end of each
year for use by stakeholders interested in current conditions throughout the CB, as well as continuing
incremental improvements in ROMS and ECB to ensure accuracy and efficiency of hydrodynamic and
biogeochemistry forecasts in a state-of-the-art forecasting system; (2) enhancing model forecasts by adding
real-time wind waves, distributed freshwater inflows, detailed real-time model-data comparisons, and
dissolved oxygen data; (3) issuing an Annual Hypoxic Dead Zone Report that summarizes the severity of
hypoxia in the CB during the previous summer, coordinating messaging between different yearly hypoxia
summaries from partners, including Maryland DNR and the Chesapeake Bay Program; and (4) developing
habitat suitability forecasts by incorporating estimates of habitat suitability into CBEFS for a variety of
species for which habitat suitability models are currently available. This work will facilitate an
ecosystem-based management approach and engage stakeholders invested in the CB environment, including
industry, government, and academia.
b. FVCOM-SWAVE: A MARACOOS-NERACOOS joint effort in Long Island Sound: The Long Island
Sound model prediction system, originally created through NOAA Sea Grant and NOAA CREST funds, is a
higher resolution complement to the NERACOOS-funded NECOFS model that spans the inner-shelf from
Narragansett Bay to northern New Jersey. The UConn team has developed empirical adjustments to the
amplitude and phase of the tides at the boundary with NECOFS to improve the model performance in the
Sound. They have also introduced an empirical momentum flux correction to the NECOFS WRF wind stress
fields to improve the representation of surface currents and waves. In partnership with NERACOOS, we will
operationalize the system to support the needs of USCG SAR mission, as well as marine operations and
coastal resiliency needs in the region. The system produces currents at all levels, sea level, wave height,
period, temperature, and salinity. We will emphasize the delivery of surface currents for USCG and sea level
and wave parameters for coastal towns by providing 48-hour predictions of surface currents, sea level, and
significant wave height and period every 24 hours for Long Island Sound, an area of intense maritime
commerce and increasing recreational use. This information will be accessible on MARACOOS OceansMap
as well as through the EDS, and storm surge data will be available to coastal towns for their coastal hazard
planning activities.
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Table 11. MARACOOS Milestones for modeling over the next 5 years.

5) FUNDING THE SYSTEM
The maintenance and growth of the Mid-Atlantic Ocean observing system is achieved through multiple funding
sources, contributors, and leveraged support from the community of partners. Core funding is provided through
federal appropriations that are allocated to MARACOOS by the US IOOS Office via the 5-year cooperative
agreement. From 2016-2021, these funds totaled nearly $20 million, composed of core funding and additional
directed funding. From 2021-2026, with the increase of the funding ceiling for 5-year cooperative agreement to
$30 million, MARACOOS plans on receiving more than half of this funding amount for core activities, with
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additional funding through the cooperative agreement vehicle on a directed basis. In addition, MARACOOS
leads and participates in funded projects outside of the US IOOS cooperative agreement. This funding varies
from year to year; however, for the year 2021-2022, MARACOOS receives approximately $2 million to fund
additional projects that are related to and contribute to the Mid-Atlantic Ocean observing system. MARACOOS
also receives a small amount of funding through dues from the membership, to support advocacy, other
development activities, and member benefits.
To complement the above funding, the MARACOOS leverages funding, infrastructure, and activities of its
partners (including our neighboring regional associations), who receive funds through various federal, state, and
private sources to carry out observing, modeling, engagement, and data management and product development
related activities in the Mid-Atlantic Bight areas. The value of these leveraged contributions is approximately
$18-20 million annually. As such, the total funds (core, directed, additional external, and partner leveraged)
focused on ocean observing in the Mid-Atlantic by MARACOOS and its partners, is approximately $25-30
million annually.
With the commitment to sustain and grow the operation, integration, and evaluation of this end-to-end MidAtlantic regional observing system, MARACOOS continues to maintain lower administrative overhead in an
effort to maximize investment in the operations and maintenance of the observing system. In support of lower
administrative costs, MARACOOS maintains an Administrative Services Agreement (ASA) with the University
of Delaware to ensure quality business services at low cost, while minimizing corporate overhead. The ASA
provides grants and financial services, human resources, and legal support at very low cost, reducing the need for
MARACOOS to hire additional personnel to cover these services and responsibilities.
To plan for infrastructure and services, MARACOOS maintains a build out plan that provides a long-term
investment approach in line with the strategic plan, national imperatives, and regional and local needs. If cuts are
required at any point, the priority is to maintain the regional association. The first priority is to maintain the
activities associated with the Governance and Management Subsystem. The second priority is to sustain the
observing system and associated time series of observations. Other functions are the third priority. As such, any
required cuts to the annual budget would be carried out with the following general approach: 0 shares from G&M;
1 share from Obs; and 2 shares each from DMAC, OSE&E, and M&A Subsystems. Partners are informed/aware
of the decision criteria and the ultimate decisions on annual funding, based on the known criteria. The budget
recommendations are prepared with the partners, and discussed with and approved by the Board, and coordinated
with US IOOS, whereafter they are distributed through established means, including electronic/web distribution
and bi-monthly conference call meetings with the partners.
The following programmatic budget by subsystem covers the 5-year cooperative agreement and would require
$30 million to fund in full. In the absence of full funding, the objective is to continue prioritizing a sustained
observing system, while working to increase funds through enhanced annual appropriations, additional directed
funding, additional external grants and gifts, and leveraged funding through partners and partnering, including
with neighboring regional associations.
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Table 12. MARACOOS Proposed budget for June 2021- May 2026.
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