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Project Summary
SECOORA is part of the US Integrated Ocean Observing System (I00S®), and evolved out of several ear-
lier sub-regional programs. Its footprint covers both the eastern Gulf of Mexico (GOM) and the South Atlan-
tic Bight (SAB), which are connected by the Loop Current- Florida Current- Gulf Stream continuum. Our
members include a cross-section of regional interests from private industry, academia, non-governmental
organizations and state and federal government. SECOORA integrates observations, models, data man-
agement and outreach to sustain and advance an end-to-end, regional coastal ocean observing system
(RCOOS) responsive to societal needs. An information management system transforms and delivers value-
added products and services consistent with priorities identified through stakeholder needs assessments.
SECOORA emphasizes coordinating a multidisciplinary suite of coastal ocean observations with numerical
models so that societally important phenomena may be described, understood and ultimately predicted via
applications of best science practices. This work provides foundational observing, modeling and data man-
agement capabilities to predict and support preparedness to changing conditions, thus enabling resiliency.
US 100S, from its inception, recognized the importance of the coastal ocean in providing a signifi-
cant part of the nation’s ecosystems services. SECOORA is a region where hurricane landfalls are preva-
lent and where consequences from oil and gas operations are significant. The region is also a major tourist
destination and a commercial and recreational fishing hub. Through performance, SECOORA has demon-
strated both a vision and set of accomplishments toward meeting the US I00S goal of societally relevant
applied science. SECOORA sustains observations consisting of High Frequency radars (HFR) for surface
currents and waves; moored buoys for surface meteorology and water temperature, salinity and in some
instances waves and currents; coastal stations for surface meteorology and water level; and, glider sur-
veys, including bio-optical measurements, temperature, and salinity. These observational components in-
form and support models across multiple scales and applications. SECOORA-related modeling is used to
explain various phenomenology in the region, including harmful algal blooms (HABs), storm surges, oil spill
trajectories, fisheries recruitment and beach water quality. SECOORA funding, therefore, supports an ar-
ray of coastal ocean observations in addition to benefitting society across a spectrum of coastal ocean ap-
plications. This proposal seeks funding for the period from June 1, 2016 — May 31, 2017.

Priorities for SECOORA are to sustain critical observing, data management and modeling activities,
build upon successes with users, seek new leveraging opportunities and add new multidisciplinary RCOOS
components With the $2,583,965 funding, SECOORA specifically seeks to:

Continue governance and management for the Regional Association (RA);

» Effectively engage users and other stakeholders to prioritize investments;

* Provide data management and communication (DMAC) infrastructure;

» Continue operation of the existing HFRs in the region, presently consisting of 15 sites distributed

from Cape Hatteras to west Florida, and continue coordination with the national network;

* Continue operation of 21 in situ stations along the Carolina and West Florida Shelf (WFS) coasts;

» Sustain modeling and other product efforts, including: 1) SECOORA-wide daily nowcast/forecast

(N/F) system for currents, waves, and primary production, 2) statistical beach and shellfish water
quality predictions; 3) an improved Marine Weather Portal (MWP); and, 4) a high resolution WFS
circulation modeling system directly linking shelf seas with estuaries;

» Address spatial observing gaps by: 1) initiating a glider observatory for the South Atlantic Bight

(SAB) and 2) installing a coastal water quality and meteorological station in Charleston Harbor, SC.

SECOORA works closely with partners to achieve our goals. Below are contributors to this effort:
* Federal: NOAA National Weather Service (NWS), Ocean Acidification Program (OAP), National Estua-
rine Research Reserve System (NERRS), National Marine Fisheries Service (NMFS), National Ocean
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Service (NOS), Ecological Forecasting Roadmap Team, National Centers for Coastal Ocean Science
(NCCOS), Office of Response and Restoration (OR&R), and Gray’s Reef National Marine Sanctuary
(GRNMS), US Marine Corps, US Army Corps of Engineers (USACE), US Coast Guard (USCG).
State: NC Department of Environment and Natural Resources (DENR), SC Department of Health and
Environmental Control (DHEC), GA Department of Natural Resources DNR, FL Department of Envi-
ronment Protection (DEP), FL Department of Health (FL DOH), FL Fish and Wildlife Commission
(FWC).

NGOs: South Atlantic Fisheries Management Council (SAFMC), Southeastern Fisheries Association
(SFA), Governors’ South Atlantic Alliance (GSAA).

Emergency managers at Federal, state and local levels: NOAA OR&R, NOAA NWS Weather Forecast
Offices (WFOs), county emergency managers.
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Introduction / Background

SECOORA seeks to leverage and augment existing observational, modeling, data management and prod-

uct assets in the region-capitalizing on nearly two decades of RCOOS experience. This work provides

foundational observing, modeling and data management capabilities to predict and support preparedness
to changing conditions, thus enabling resiliency. RCOOS assets are used to characterize marine condi-
tions, identify responses to stochastic events, validate existing and developing models, support decision-
making and predict and verify short and long-term coastal ocean ecological and physical trends, all of
which are necessary to achieve resilient ecosystems, communities and economies. SECOORA will contin-
ue engagement with regional partners and end users in the development and enhancement of products
and services consistent with priorities identified by assessing their needs.

SECOORA's highest priorities are to continue supporting coastal ocean observing assets and
models that provide real-time information to users, and generate long-term datasets necessary to detect,
analyze and predict environmental and ecosystem changes in the SE coastal ocean. RCOOS assets to be
supported with the funding include:

1. Fifteen existing HFR installations throughout the region;

2. Twenty-one existing in situ stations along the Carolina and WFS coasts and GRNMS ocean acidifica-
tion buoy;

3. A new coastal water quality and meteorological station in Charleston Harbor;

4. Aninitial SAB glider observatory; and,

5. Models and products, including: a) SECOORA-wide daily N/F system for currents, waves, and primary
production, b) downscaling model for the WFS, c) a statistical beach and shellfish water quality predic-
tion; and d) an improved SECOORA MWP.

As shown in Figure 1, SECOORA'’s proposed activities are structured on 100S system design and
will continue SECOORA'’s contributions to national and regional components of I0O0S. The full-time Execu-
tive Director coordinates RA governance and management with a Board comprised of representatives from
multiple sectors. Stakeholders are regularly engaged through formal and informal mechanisms that inform
SECOORA's priorities. Over 55% of the proposal budget is devoted to observing operations that include
HRF systems, gliders and moored and coastal stations, some of which have been in continuous operation
for almost 20 years. The proposed investment in DMAC functions will assure I00S DMAC requirements
and standards are met and incorporated into operations. The planned modeling activities are tightly linked
to the observing subsystem and support a suite of integrated products and forecasts that address priority
stakeholder needs for decision support tools. The proposal team, comprised of 17 principal investigators,
represent a broad range of scientific and technical expertise and experience, and are fully capable of im-
plementing the proposed objectives. SECOORA activities are highly leveraged and supported by many
partners and stakeholders assuring the available federal funding will have maximum impact, both regionally
and nationally. To summarize, the goals, objectives and supporting information of this proposal demon-
strates SECOORA’s alignment with the requirements of this funding opportunity as well as US 100S pro-
gram goals.

Connections to Users/Stakeholders and Benefits

Regional and national stakeholders benefit from an enhanced and sustained RCOOS through easy access
to data and information required for safety, commerce, public health and ecosystem management. In Octo-
ber 2014, SECOORA evaluated existing stakeholder needs assessments’ for the SE, vetted findings with
the Board, and confirmed four thematic priority areas on which SECOORA should focus: 1) Ecosystems:
Water Quality and Living Marine Resources; 2) Coastal Hazards; 3) Marine Operations; and 4) Climate
Change. The goals and objectives of this proposal reflect and address these priorities.



Our major partners are identified in the Project Summary, and SECOORA also engages stake-
holders through participation in regional and national teams, meetings, conferences, science fairs, newslet-
ters and focused workshops as well as collaborations with the other RAs. Several students are directly
supported as part of this proposal and many others are engaged by PlIs, resulting in significant contribution
to development of future scientists. Additionally, SECOORA actively participates in regional groups such
as the GSAA, NOAA'’s Southeast and Caribbean Regional Team (SECART), and the Southeast Ocean and
Coastal Acidification Network (SOCAN), which represent key stakeholder groups. Each of these collabora-
tions further leverages SECOORA work and outreach.

Goals, Objectives and Workplans

With the $2,583,965 funding, SECOORA will implement Goals 1 through 4 to support SECOORA’s base
capacity. SECOORA will maintain existing infrastructure and, barring significant accidents or failures, will
target system uptime of 85%. In addition, SECOORA will add new observing infrastructure (Goal 3) needed
to fill long-standing gaps in our regional network and build capacity required to ensure SECOORA’s long-
term viability as a regional enterprise.

SECOORA is a mature RA supporting extensive observing assets (Figure 2), some of which have
been in continuous operation since 1998. As one of 11 RAs established through US I00S, SECOORA
coordinates coastal and ocean observing activities, facilitates dialogue among stakeholders, and provides a
governance framework that supports regional observing across the linked sub-regions of the SE US, includ-
ing the WFS, southern and eastern FL, and the SAB. SECOORA seeks to meet SE decision-maker needs
for coastal and ocean information by sustaining and advancing the RCOQS through implementation of four
goals over the next five years. Objectives and tasks are also included in Table 3, Milestones. For each
goal, the objectives, technical approach, data management and product development are described.

Goal 1: Continue SECOORA'’s region-wide governance and communication structure to engage
users and stakeholders in coastal observing science.

Objective 1.1: Maintain governance and management for the RA and RCOOS.

SECOORA's existing membership, governance, management and communications enterprise uniquely
positions SECOORA to coordinate the SE’s coastal and ocean observing activities. SECOORA is a non-
profit membership organization with four full-time and one part-time staff who provide program develop-
ment, data and information management, communications, accounting and other program coordination and
management services. Hernandez leads the team and oversees SECOORA staff and operations. Subra-
manian is the RCOOS Manager and DMAC coordinator. Lee is the Business Manager and Knight is the
part-time accountant. Wakely is the Communications Specialist, leading web and social media content de-
velopment.

SECOORA is governed by a Board of Directors and by-laws that stipulate both geographic and
sector (i.e. academic, private, public/nonprofit) representation. Members represent a broad range of stake-
holders and expertise with interests in the coast and ocean. SECOORA Board of Directors serve three-year
terms, with approximately 1/3 of the Board elected annually by the membership. Board responsibilities in-
clude oversight of fiscal matters, development of proposals and SECOORA's application for certification as
Regional Information Coordination Entity.

Objective 1.2: Engage users and other stakeholders to prioritize investments.

All SECOORA members and Pls represent their institutions, peers, and/or interest groups in SECOORA
decision-making and serve as ambassadors for SECOORA and IO0S. RA staff, Pls and partners actively
engage in local, regional and national stakeholder groups (e.g. GSAA, NOAA SECART, Florida Atlantic
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Coast Telemetry (FACT), Integrated Tracking of Aquatic Animals in the GOM (iTAG), local American Mete-
orological Society, Marine Technology Society, etc.), which help SECOORA establish priorities, identify
leveraging opportunities and reduce redundant efforts in our region. For example, SECOORA is leading
SOCAN in partnership with NOAA’s OA Program.

SECOORA uses formal and informal communications to engage members and stakeholders.
Communication activities and products include an annual report,2 informational one-pagers and other print
material, presentations at meetings, press releases, e-newsletters and content for website and various so-
cial media outlets. In partnership with US IO0S Animal Telemetry Coordinator, we will be co-organizing
and hosting a regional workshop aimed at furthering the Animal Telemetry Network by bringing together the
satellite and passive acoustics telemetry communities. We also regularly survey3 users and stakeholders
regarding priorities and requirements. These efforts increase stakeholders’ awareness of observing activi-
ties and their relevance.

Objective 1.3: Provide DMAC infrastructure to enable collaboration and decision-making.
SECOORA proposes to enhance the current DMAC subsystem to improve efficiency, coordination and sus-
tainability of the system as a whole, while maintaining all existing data partnerships. Recent technological
advances and new data management strategies provide the opportunity to augment the capabilities of the
existing SECOORA data management system to better meet the needs of stakeholders and user groups.

Axiom Data Science, LLC (Axiom) will provide the DMAC infrastructure and management support
for SECOORA. Subramanian will coordinate the DMAC activities, with Wilcox serving as Axiom project
manager. SECOORA DMAC will function under the direct supervision of staff. Axiom provides comprehen-
sive technical solutions to meet data management needs, while using open source software resources,
high performance computing clusters and interoperability services. This framework will directly leverage
systems, capabilities and lessons learned from ongoing DMAC activities for the Alaska Ocean Observing
System, the Central and Northern California Ocean Observing System and US 100S. The resulting DMAC
system will increase data access and use, and allow SECOORA to rapidly develop new capabilities and
tools to meet a variety of user needs.

SECOORA is committed to implementing the standards and guidelines set forth by the US 100S
DMAC subsystem. We will continue to work alongside other RAs, data partners and the US 100S program
office on the implementation of QARTOD (both technically and by providing feedback on draft manuals),
and will participate in all national DMAC efforts and meetings. SECOORA will ensure that all data products
are discoverable and broadly accessible to user groups through implementation of standard IOOS services.
As data discovery (Open Geospatial Consortium (OGC) Catalog Service for the Web and access systems
(OGC Sensor Observation Service, Open-source Project for a Network Data Access Protocol (OpeNDAP),
Environmental Research Division's Data Access Program (ERDDAP), OGC Web Mapping Service)
evolves, scientific numerical synthesis activities will be accelerated by the availability of larger numbers of
high quality data sets that can be operated on in sophisticated ways (visualized, subset and transformed).

Effective Communication with Users and Stakeholders: Axiom will update SECOORA'’s website,
rebranding SECOORA to coincide with the IOOS rebranding effort, and provide SECOORA with a state-of-
the-art streamlined platform to distribute information, tools and products. New applications developed will
follow the branded style guide. The Axiom developed framework manages a variety of ocean data types (in
situ, mobile, and remotely sensed, numerical multidimensional grids, geographic information system, and
other structured formats), exposes managed data through interoperability systems based on I00S service
standards, and uses several user interface tools that allow data to be discovered and explored by the
broader community. Using this framework to power the SECOORA DMAC system will enable the partners
to rapidly ingest or connect to data sources relevant to SECOORA and efficiently develop advanced user
tools and data products. These data sources include SECOORA-supported assets as well as relevant data




from local, state, regional and federal sources. The proposed efforts will redevelop the current catalog in-
terface to effectively search and query the entire DMAC infrastructure and allow users to find all SECOORA
data resources (e.g., buoy, glider, satellite or model), and immediately be presented with metadata and the
ability to extract and visualize the data.

Simplified Coordination and Integration of Data Lifecycle: The data provider relationship will be re-
structured to facilitate efficient data transfer. For example, in situ data providers currently submit their data
to NDBC independently; here it is proposed to centralize the NDBC data submission process through the
SECOORA DMAC infrastructure. SECOORA will also use the Research Workspace, a scientific collabora-
tion platform and data management tool developed by Axiom, to secure and centralize project information
from data providers, generate US 100S compliant metadata, and ultimately elect project profiles and data
files for publication on public data portals and catalogs. Restructuring the DMAC infrastructure will allow for
better quality control, reliable delivery of data and products, archiving to national data centers, distribution
of data to NDBC and the World Meteorological Organization Global Telecommunication System, distribu-
tion through US 100S standard services and data formats, and controlled metadata standards and vocabu-
laries. This expertise and infrastructure will also be available to support appropriate inclusion of relevant
local, state, and regional data sources not currently discoverable.

DMAC Sustainability: Through Axiom, SECOORA will have access to larger computational and
storage resources. This allows processing and integration of larger and more complex datasets into the
DMAC system and better positions SECOORA to respond to user requests such as oil spill trajectory mod-
eling*. The SECOORA data assembly center, replicated at data centers in Portland, OR and Providence,
RI, are designed to be highly redundant to support recovery in the event of a catastrophic failure. All data-
bases and code repositories are backed-up on nightly, weekly and monthly schedules. In-progress devel-
opment is replicated to source control servers to ensure that source code is preserved. All servers undergo
routine maintenance to swiftly address security vulnerabilities. Servers containing source code and data-
bases are located behind an Enterprise level firewall and are physically secure with environmental regula-
tion systems, redundant power and Uninterrupted Power Supply systems in addition to fire suppression.

Goal 2: Continue existing core observation investments in the region.

Objective 2.1: Maintain 15 HFRs distributed throughout the region.

HFR arrays currently maintained and operated in the region (Figure 2) map surface currents at high spatial
and temporal resolution across the coastal ocean and the outer shelf and slope. These arrays include
Coastal Ocean Dynamics Applications Radar (CODAR) and Wellen Radars (WERA), most of which have
operated for at least 10 years. Each of five SECOORA members (UNCCH, USC, UGA SkIO, UM, USF)
possesses two or more radars. Surface current data are currently being reported in near real time (NRT) to
SECOORA and to the HFR National Network at Scripps Institute of Oceanography (Scripps) and Rutgers
through the US 100S-sponsored HFR Surface Current Mapping Initiative and are proposed to continue for
this proposal period. WERA installations also provide surface wave measurements as a function of position
and time over a subset of the domain. Both operational and quality metrics are routinely checked. This in-
cludes assessment of daily variations in coverage and uptime using metrics such as database latency,
range of coverage and number of solutions as implemented by the National HFR Network.

Objective 2.2: Maintain 21 in situ stations along the Carolina and WFS coasts.

Strategically placed in situ arrays address marine user observational needs and provide a critical compo-
nent in the development, validation and application of state-of-the-art numerical circulation models. The
observations and models are part of a coordinated system that informs a variety of scientific exploration
and societally relevant (economic and environment) issues. Two institutions (UNCW and USF) will continue
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to operate and maintain for this five-year proposal 21 in situ stations along the coasts of the Carolinas and
WES (Figure 2), several of which have been operational for almost 20 years. USF will sustain four offshore
real-time meteorological/oceanographic stations (three buoys, one tower); two non-real-time subsurface
stations; and six real-time meteorological and water level stations, some equipped with water temperature
and salinity sensors. One coastal station, maintained in partnership with YSI/Xylem, measures water quality
variables® while another (Big Carlos Pass) includes an acoustic sensor for measuring fish activity. UNCW
will sustain six real-time meteorological/oceanographic stations located offshore of NC and SC. Three of
these stations include WaveRider buoys co-located with a meteorological buoy and these are operated and
maintained in partnership with USACE and the Coastal Data Information Program (CDIP) at Scripps. All of
these in situ stations augment a number of existing real-time observing sites operated by federal and state
agencies. At a minimum, the stations are outfitted with sensors that collect wind speed/gust/direction, rela-
tive humidity, air temperature, barometric pressure, water temperature and salinity. Some of the stations
collect water column temperature, salinity and currents which are important contributions to the validation of
forecast models. Table 1 provides the list of variables measured by the in situ assets.

The buoy and coastal station designs are robust, with both the Carolinas and WFS arrays surviving
prior hurricanes. Moorings and coastal stations are generally deployed for one year with intermediate ser-
vicing as needed. This annual schedule requires instrument calibration and repairs, expendables replace-
ment, ship-time, engineering support, and data management support. USF WFS network data telemetry is
via the NOAA Geostationary Operational Environmental Satellite (GOES) network and UNCW uses Iridium
and cell phone services. UNCW (through Second Creek Consulting) and USF address data management
and US 100S data certification requirements such as QA/QC, data delivery, operational system alerts and
system performance monitoring. All data feeds into the SECOORA DMAC system.

Table 1. Moored and Coastal Stations
Variables: # SST/WCT  SS/WCS SC/WCC AT H/P BP SR/IPAR WS& W WL

STNS

Moored Assets

| UNCW | 9 | X | X x| x| ox x| oox | x| x| |
USF 6 XIX XIX X/X X X X X X X X
USF 6 X X X X X X X

SST/WCT: Sea surface temperature/Water column temperature; SS/WCS: Sea Surface Salinity/Water column salinity; SC/WCC: Surface currents/Water column
currents; AT: Air temperature; BP: Barometric pressure; SR/PAR: Solar radiation/ Photosynthetically Active Radiation; H/P: Humidity and/or precipitation; WS&D:
wind speed and direction; W: waves; and WL: water level. *Variables measured at some stations only.

Objective 2.3: Maintain the Sensors on NOAA GRNMS Buoy (NDBC 41008)

As per the NOAA US 100S FY16 award letter, we will commit $162,023 to maintain and ground-truth the
sensors on NDBC GRNMS buoy (41008) as a part of the National OA Program and international efforts to
quantify the effects of ocean acidification on the world’s ocean. These sensors include pCo2, pH, dissolved
oxygen (DO), salinity and water temperature. UGA and University of Delaware are responsible for the
maintenance of the sensors on the buoy and field validation (ground-truthing) respectively.

Goal 3: Begin to address geographic gaps in observations.

Although the SE region benefits from a number of legacy subregional observing programs, major gaps re-
main in the spatial extent of the observatory. With the $2,583,965 funding, SECOORA proposes modest
investments to continue build-out of the RCOOS in order to meet priority stakeholder needs.



Objective 3.1: Establish a regional glider observatory in the SAB.

Shelf circulation and water properties in the SAB are affected by a variety of processes and characteristics
that are unique to the region (i.e., broad and shallow shelf, influence of strong boundary currents, strong
tidal forcing, distributed river input, passage of powerful tropical storms and hurricanes). Those processes
have wide ranges of spatial and temporal scales not easily observed with traditional technology, which has
led to a historic lack of information on density stratificationé and horizontal and vertical structure of biologi-
cally relevant variables. In situ observations are particularly limited in winter and during storm conditions,
when shipboard measurements are difficult to obtain.

SECOORA partners will establish a cooperative regional glider observatory to sample the SAB
shelf initially; and provide regional 4-D information about temperature, salinity and density structure, and
oxygen/turbidity/CDOM/chl-a concentrations. These measurements will be used to 1) investigate hydrog-
raphy and circulation dynamics, bottom temperatures and cross-shelf pathways between the shelf edge
and nearshore; 2) use control theory and ocean models to develop intelligent control capabilities” allowing
gliders to recognize and correct for fronts and strong currents; 3) prepare glider data for integration into
circulation and ecosystem modeling efforts; 4) efficiently deliver information to the modeling community and
stakeholders (e.g., bottom temperature maps to NOAA fishery science centers) through SECOORA DMAC
and the 100S glider data assembly center (DAC); and 5) use this base of regional glider operations for lev-
eraged efforts supported by GRNMS, National Science Foundation, NASA and other state agencies.

We propose to deploy three gliders from the pool of instruments owned by UGA SkIO, USF, UNC,
and NCSU from locations in Florida and Georgia on shelf- and shelf-edge sampling missions with north-
ward trajectories. USF and UGA SkIO will deploy two gliders off Cape Canaveral and coastal Georgia, re-
spectively, on shelf survey missions, with operations approximately between the 20m and 50m isobaths, to
be recovered in Georgia and North Carolina at the end of their month-long missions. USF will deploy a se-
cond glider near Cape Canaveral that will sample the shelf edge, using Gulf Stream currents to survey the
shelf edge and Gulf Stream along the entire SAB before recovery off North Carolina. These mapping mis-
sions will provide spatial coverage for data assimilation and fisheries applications, and will serve as a base-
line of operations. Operations will integrate and take advantage of in situ and HFR observations, satellite
imagery and regional model predictions to optimize glider tracks. All gliders deployed will incorporate Vem-
co Mobile Transceivers (VMT), acoustic monitoring receivers to track tagged fish® and at least one will be
outfitted with an integrated VMT to transmit detections in real time. Acoustic data will be shared with the
fisheries research community (Ocean Tracking Network, FL Atlantic Coast Telemetry, iTAG, GRNMS).
Collaborative work between oceanographers and engineers at UGA SkIO, Georgia Tech, and NCSU will
explore new methods of acoustic telemetry facilitated by autonomous platforms operated using intelligent
control strategies.

Objective 3.2: Install a new coastal water quality station in Charleston Harbor.
Charleston Harbor is the busiest port in the state of SC, and the second largest in the SE US in cargo ton-
nage and value. Currently there is no continuous water quality monitoring of the surface and bottom waters
in Charleston Harbor. The deepening of Charleston Harbor to accommodate larger vessels may begin in
late 2016, which could alter salinity regimes and circulation patterns. A before and after dataset will be of
great value in assessing project impacts and the data will be useful to recreational and commercial boating
interests, scientists, and managers. Coordination with USACE, USCG, SC Port Authority, SC DNR and SC
DHEC to identify an observing site will assure stakeholders receive optimal benefits.

SC DNR will configure and construct in Years 1 and 2 the proposed station to include paired sur-
face and bottom YSI EXO2 data sondes to account for the two-layer estuarine circulation and water quality
dynamics. The surface sonde will be located 0.5m below mean low water and the bottom sonde will be de-
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ployed 0.5m off the bottom. The sondes will measure water temperature, salinity, dissolved oxygen, pH,
turbidity, and water depth. The surface sonde will also measure chlorophyll fluorescence and fluorescence
of dissolved organic matter (FDOM, a proxy for total dissolved organic carbon). Data will be recorded at
15-minute sampling intervals beginning in Year 2 and will be telemetered via NOAA GOES to the NERRS
Centralized Data Management Office (CDMO). Data will be QA/QC’d following QARTOD manuals, and
delivered via SECOORA DMAC to users.

Goal 4: Continue delivery of operational model forecasts and products to serve priority users.

A central goal of SECOORA is to develop, in partnership with end users, operational products that will sup-
port decision-making. Along with ongoing delivery of the regional model forecasts that fill temporal and
spatial gaps in observations, SECOORA will develop and enhance products in collaboration with our part-
ners to support their operational needs. Product delivery plans are included in Table 2 and geographic
scope is shown in Figure 3.

Objective 4.1: Enhance and operate a Coupled Marine Environmental Assessment and Prediction System.
SECOORA will work with members at NCSU to: 1) sustain NCSU’s South Atlantic Bight Gulf of Mexico
(SABGOM) ocean circulation daily N/F modeling system;?: 10 2) establish the full couplings of wave
(SWAN'), atmosphere (WRF'2) and ocean circulation (ROMS'3) models, and generate regional, high reso-
lution nowcasts and forecasts of ocean circulation, waves, marine weather, lower trophic level marine eco-
system predictions and other value added products; 3) implement into the prediction system a routine data
assimilation of satellite-observed sea surface temperature and sea surface height, glider-measured subsur-
face temperature and salinity, HFR-measured surface currents and other environmental data collected in
regional fishery independent surveys; 4) continue model skill assessment for marine environmental varia-
bles through appropriate comparisons with independent (non-assimilated) observations (e.g., mooring ob-
servations). Working with SAFMC, the team will also start developing the interface between NCSU’s
oceanographic modeling system and Ecopath as well as other higher trophic level ecological/fishery mod-
els. Through this work, SECOORA will implement an advanced regional marine environmental assessment
and prediction capability over the entire SECOORA domain with associated error estimates, and update
and transmit information to stakeholders in a timely and clear fashion.

Objective 4.2: Operate the West Florida Shelf Ocean Model.

A parallel modeling effort exists in the NE GOM for which daily, automated ocean circulation N/F are pro-
vided by nesting Finite Volume Coastal Ocean Model (FVCOM) into HYbrid Coordinate Ocean Model (HY-
COM). Initial work (with model simulations quantitatively gauged against in situ observations') now in-
cludes the region from west of the Mississippi River Delta to south of the Florida Keys with real time river
inflows versus climatology. Recent applications to HABs'> 16, gag grouper recruitment'?, and Deepwater
Horizon oil transports both subsurface® and surface'® demonstrate the utility of the approach in contrib-
uting stakeholder-driven information. This West Florida Coastal Ocean Model (WFCOM), with resolution
beginning with that of HYCOM (4km) along the open boundary, includes the various estuaries, telescoping
down to 150m in both Tampa Bay and Charlotte Harbor. WFCOM provides the tracking capability for WFS
HABs (in collaboration with FWC), and it was recently used by emergency managers for an oil spill training
exercise (for which model simulations were accessed from NOAA GNOME through the NOAA GOODS
using THREDDS data server capabilities developed with the assistance of SECOORA DMAC). WFCOM,
in coordination with USF HFR and moorings, is presently being used by a USCG sponsored USF graduate
student for an MS thesis project concerning Search and Rescue (SAR). These multidisciplinary applica-
tions will continue to develop new products via stakeholder outreach. Evident from the applications already
cited is that coastal ocean ecology depends on multidimensional aspects related to organism success.



Inter-annual variations in K.brevis red tides, gag recruitment success and fish location/abundance are all
tied to the circulation that determines the transport of water properties. For instance, upwelling is required
for a K. brevis bloom to manifest along the shore?, but too much upwelling suppresses bloom develop-
ment2!. Only through coordinated multidisciplinary studies do we gain understandings and predictive capa-
bilities for matters of stakeholder concern.

Objective 4.3: Provide an Early Warning System for Swimming Beach and Shellfish Harvesting Waters.
Currently, no tools exist to explore the likely effects of changing land-use practices and climate change
scenarios on pathogenic bacterial pollution in the coastal areas of NC, SC and FL. SECOORA members
from USC will develop the tools needed to forecast the frequency of pollution events that will impact shell-
fish harvesting and beach management under various climate change scenarios by building upon existing
SECOORA, NOAA, Environmental Protection Agency (EPA), USGS and state-supported coastal and
ocean observing efforts, and SECOORA and EPA modeling efforts. This will result in enhancements to
existing decision support tools2 currently in operation in Long Bay, SC and the Chesapeake Bay, and
adapt them for multiple management uses in coastal waters of SC, Newport River estuary and Pamlico
Sound in NC, and the east coast of FL (Figure 3).

This early warning system will provide predictions of bacterial loading based on indicator bacteria
concentration, radar-based precipitation, salinity, water temperature and potentially other environmental
data such as tributary river flow, wind, current and wave information.23 An ensemble modeling approach of
Multiple Regression and Classification and Regression Tree analyses will be used to develop these rela-
tionships.2 25 Sensitivity analysis will be performed to evaluate the effect of changes in each of the pa-
rameters included in the resulting predictive models. State and local health and natural resource agency
personnel are collaborators will inform product development as described in Table 2.

Objective 4.4: Optimize and enhance the SECOORA Marine Weather Portal (MWP).

The MWP is the most viewed product on the SECOORA website. NOAA’s NWS offices within the eastern
and southern regions were integral in the development of the current MWP and push users to the site. This
project will leverage resources from UNCW, USC, Second Creek Consulting, SECOORA, state and local
resource management and public health agencies, NWS, and NOAA'’s Office for Coastal Management /
NERRS. These MWP enhancements will: 1) upgrade the existing MWP with newer mapping technology
and advanced data management that will increase its speed and efficiency; 2) incorporate NWS derived rip
current products where available (e.g. NWS coverage areas in NC, FL); and 3) incorporate the current and
planned SECOORA beach water quality products for NC, SC and FL (Objective 4.3). The planned up-
grades will result in a more stable, faster MWP and facilitate public access to rip current and water quality
information.

Objective 4.5: Python Data Analysis Tools for Oceanographic Services
$40K will be committed to Filipe Fernandes to support: 1) ongoing development of the I00S data discovery
and access tools and demonstrations as part of the redevelopment of the I00S.noaa.gov and 100S.us
web pages; and, 2) ongoing development and maintenance of several open source software packages that
are crucial to the US 100S DMAC enterprise. The primary objectives of this work are:
Support the evaluation and enhancement of interoperability services and tools that serve the US 100S data
discovery capabilities, binding data discovery to data access services, and data access.
In support of the US I0O0S Catalog, continue developing software packages developed by RPS/ASA that
are important to the US 100S enterprise.

* Continue to support best practices for open source software development to bolster the US
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IOOS/ASA investment by engaging the larger open source community.
* Perform documentation/planning/testing to further mature the projects and maximize the likelihood
of external contributions.

User Benefits and Product Delivery

SECOORA’s approach to developing end-user applications begins with identification and engagement of
local, regional and national partners who have articulated a need that can be addressed through coastal
ocean observations or applications. Partners are engaged to develop specifications that guide the product
and service development effort. End-users participate in the design, development, and validation of such
products. Every product or service to be developed under this proposal has a clear link between specific
stakeholders and specific SECOORA-supported observation, model, or prediction data. SECOORA en-
sures that proper and complete metadata are generated, collected and maintained, and that products are
made available to the wider user community through commonly used dissemination protocols via
SECOORA DMAC system. All observational data, maps, models and other coastal and ocean observing
information and products are easily accessed via the SECOORA website, social media outlets and e-
newsletters.

Our product delivery plans are tailored to meet users needs and provide important benefits. All
SECOORA generated data is delivered through a variety of web services and webpages, and benefits in-
clude support for NOAA NWS marine weather forecasts and marine hazards advisories, USCG SAR opera-
tions, US Marine Corps and US Navy training operations, and USACE modeling and sediment manage-
ment applications. Data and data products also support ecosystem management and fisheries stakehold-
ers. Resource managers, recreational anglers and commercial fishers will benefit from improved efficiency
in catching target species, reduced by-catch, and less fuel usage. SECOORA's rich data repository also
allows stakeholders to utilize historic data. Examples of uses of this archived data include: 1) informing
managers and the public of the paths and intensities of past tropical storm systems and coastal water lev-
els associated with these events; 2) visualizing when and where polluted water could move into coastal
areas; and 3) providing data to inform climate vulnerability assessments. Table 2 outlines additional deliv-
ery plans for non-data products included in this proposal and Figures 2 and 3 in Appendix 1 show observ-
ing locations and areal extent of products included in this proposal.

Table 2. Product Delivery Plans and Users
Goals and Objectives Delivery Plans and Users:

4.1 Coupled Marine Envi-  N/F model results served via web services. Stakeholder groups include USCG, NOAA
ronmental Assessment  NMFS, NOAA OR&R, Bureau of Ocean Energy Management, NC DENR, SC DNR, GA
and Prediction System DNR, FL FWC, NWS and SAFMC.

4.2 West Florida Coastal  N/F model results served via web services. Stakeholder groups include USCG, FL
Ocean Model  FWG, recreational mariners, NOAA Office of Response and Recovery.
43 Advisory System for  Smartphone apps and web services. Products include nowcast tools and forecasting

Beach and Shellfish  products derived by coupling the nowcasting tools and climate change model scenarios.
Waters  User groups, including resource managers, public health officials and representatives of
potentially vulnerable populations will be convened to provide guidance, input and re-
view in support of tool development.
4.4 Marine Weather Portal ~ Served via web services. Project personnel will work with NWS offices to provide itera-
(MWP) tive feedback on the enhanced product. Users include the marine stakeholder commu-
nity (fishermen, boaters, NWS, beachgoers).




Summary
The proposed $2,583,965 funding will support the core RCOOS framework that has been developed over
the past five years that provides:

* Regional coverage over a geographically large and diverse section of the US coastal ocean;

» Stakeholder engagement relative to RCOOS components, including buoy, tower, coastal station,

HFR and model data on which citizens, decision-makers and scientists have come to depend;

* Cross-state and intra-regional cooperation; and,
* Maintenance of critical in-water infrastructure, data flow from offshore to the web, and proven tech-
nical capabilities and experience in operational coastal ocean observing.

As a mature RA in a region with significant observing gaps, SECOORA must balance mainte-
nance, filling important gaps in observations and creating new connections to users through thoughtful ex-
pansion of products and services to build-out the RCOOS. The proposed activities will deliver stakeholders
the ongoing observations and modeling products they rely on, and new integrative project components that
leverage existing SECOORA efforts (observations, models and DMAC) to create new and exciting opportu-
nities. For example, the glider observatory will use SECOORA HFR data and circulation N/F model predic-
tions to optimize glider data collection, which will then be assimilated into the newly enhanced regional
modeling N/F system and inform fisheries managers. The MWP, regional ocean model, WFS model and
shellfish and beach advisories will incorporate SECOORA data streams to improve decision-making. The
DMAC system will enable users and stakeholders to combine various components of the SECOORA net-
work in novel ways. By creating synergies, adding new capabilities in an intelligent way and supporting core
operations, SECOORA will continue to lead observing science in the SE.

Milestones and Cost Proposal

Table 3. Goals, Objectives/Milestones and Schedule
Goals and Objectives 2016-2017 (Quarter)
1 2 3 4

Goal 1: Continue SECOORA's region-wide governance and communication to manage RA and engage users and stakehold-
ers in coastal observing science

Maintain governance and management for the RA and RCOOS X X X X
Engage users and other stakeholders to prioritize investments X X X X
Maintain and operate DMAC X X X X
Goal 2: Maintain existing core observation investments in the region

Maintain 15 HFR distributed throughout the region X X X X
Maintain 21 in situ stations along the Carolina and WFS coasts X X X X
Maintain the Sensors on NOAA GRNMS Buoy X X X X
Goal 3: Begin to address geographic gaps in observations

Establish a regional glider observatory in the SAB X X X X
Install a new coastal water quality and metrological station in Charleston Harbor, SC X X X X

Goal 4: Continue delivery of operational model forecasts and products to serve priority users
Enhance and operate a Coupled Marine Environmental Assessment and Prediction System for

the SE e e
Operate the West Florida Shelf Ocean Model X X X X
Provide an Early Warning System for Swimming Beach and Shellfish Harvesting Waters X X X X
Optimize and enhance the SECOORA MWP X X X X
Python Data Analysis Tools for Oceanographic Services X X X X
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Cost Proposal. Summarized costs of the 1-year duration of this effort are in Table 4. $2,583,965 will sup-
port Goals 1 through 4, however operational readiness and uptime of various observations will be signifi-
cantly impacted at this funding level. All components of this effort are leveraged, however it is difficult to
provide exact dollar values on contributions. Most of the observing assets were purchased with non-I00S
funds, and ongoing maintenance is subsidized by other grants. The same is true of most of the modeling
work, i.e. models were initially developed with other funds. Five percent of the SECOORA Executive Direc-
tor's salary is supported from member dues, as is a portion of her travel. Finally, a number of Pls are work-

ing at very subsidized or no cost.
Table 4. Costs by Objective, Pl and Institution

I

Obj. Pl/iContractor Inst. \ YR1
Goal 1 Governance, Outreach & DMAC
1.1-2 Hernandez (Gov.&Out.) SECOORA 496,703
1.3 Wilcox (DMAC) Axiom 195,800
Goal 1 Sub-total
Goal 2 Maintain existing core observations
241 High Frequency Radars
Shay | UM 126,000
Voulgaris | USC 90,000
Savidge | UGA/SKIO 90,000
Seim | UNCCH 108,000
Weisberg | USF 126,000
Sub-total HFR 540,000
2.2 Moored & Coastal
Leonard (Carolinas) | UNCW 365,000
Weisberg (WFS Moor.) | USF 250,000
Luther (WFS Coastal) | USF 50,000
2.3 GRNMS Buoy
Noakes (Gray’s Reef) | UGA 58,962
Cai (Gray's Reef) | UDEL 97,221
Sub-total Moored & Coastal & GRNMS 821,183
Goal 2 Sub-total
Goal 3 Address geographic gaps in observations
3.1 Gliders
Edwards | UGA/SkIO 22,473
Zhang | GA Tech 20,632
Seim | UNCCH 25,082
He | NCSU 22,053
Lembke | USC 24,332
Hernandez | SECOORA 35,428
Sub-total Gliders 150,000
32 Sanger (Chas. Harbor) | SCDNR 75,000
Goal 3 Sub-total 225,000
Goal 4 Continue delivery of operational models and products
4.1 He (Regional Model) | NCSU | 130,000
4.2 Weisberg (WFCOM) | USF (Funding included in Objective 2.2)
4.3 Porter (Beach/Shellfish) | USC 100,000
4.4 Dorton (MWP) | UNCW 35,280
Fernandes(Python Tools) | Brazil 40,000
Goal 4 Sub-total 305,280




Appendix 1: Maps and Figures
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Figure 1: This schematic is a visual representation of the overall proposal. With oversight from Governance
and Management, and in collaboration with Pls, Data Management and Communications successfully
manages and integrates data for a suite of tools and applications. Each component is linked to priority
stakeholder needs under four theme areas.
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Figure 2: Map of existing SECOORA observations (buoys, coastal and HFR station locations). Glider sam-
pling missions in South Atlantic Bight (SAB) are represented by blue, red and black sawtooth lines.
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