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10 EXECUTIVE SUMMARY

The Gulf of Mexico Coastal Ocean Observing System (GCOOS) produces daa and produdsin
response to user requirements. These requirementsfall within the seven broad objectives of the
U.S. Integrated Ocean Observing System (100S):

Detecting and forecasting oceanic components of climate variability;
Facilitating safe and efficient marineopeaations

Enauring nationd security;

Managing resources for sugainable usg;

Preserving and restoring healthy marine ecosystems;

Predicting and mitigaing agang coastal hazards and

Enauring public health.

KK KK K K K

Therole of Regiond Assodations(RAS) intheU.S. I00S is oversight of the development and
opeation of the Regiond Coastal Ocean Observing Systems (RCOOSs) subiject to the
philosophy and guiddines developed by Ocean.US and approved by the Committee on Ocean
Policy. A regiond approach was chosen to provide cohaent systems over large scales, yet till
beresponsgve to uniquelocal concerns TheRAs will be established to design, implement,
opeaate, and improvethar RCOOSs. These will beaccomplished by increasing theresolution at
which variables are measured, supplementing the variables measured by the nationd backbone
with additiond variables, and providing data and information tailored to the requirements of
stakeholdersin theregion, as well as by implementing programs to improve public awareness
and eduction.

This Observing System Plan indudes information to date on observing system requirements in
the Gulf of Mexico, obsrving system strategies and implementation, and determining priorities
for observing systems. The content of this plan will evolve with development of the U.S. 100S
and GCOOS. As such, thisisalivingdoaument that is subject to continued revision.



20 [INTRODUCTION

The Gulf of Mexico Ocean Observing System (GCOOS) isaregiond observing system formed
to advance the undestanding and measuring of coastal ocean processes and systems in the Gulf
of Mexico. GCOOS, comprised of partnersfrom Texas to Florida, will provide data and
informationto a number of usersin the Gulf induding academic researchers, local, state and
federa government agendes, educators, the private sector, and thegenera public. Asaregiond
observing system, GCOOS will suppot local needs and, at the same time, form an integral part
of the U.S. Integrated Ocean Observing System (100S).

The GCOOS produaes data and produds suppoting the user community within the seven broad
obijectives of the | OOS:

Detecting and forecasting oceanic components of climate variability;
Facilitating safe and efficient marineopeaations

Enauring nationd security;

Managing resources for sugainable usg;

Preserving and restoring healthy marine ecosystems;

Predicting and mitigaing agang coastal hazards and

Enauring public health.

KK K K K K K

Therole of Regiond Assodations(RAS) in |OOS isto oversee the development and operation of
the Regiond Coastal Ocean Observing Systems (RCOOSs) subject to the philosophy and
guiddines developed by Ocean.US and approved by the Committee on Ocean Policy. A regiond
approach was chosen to provide coherent systems over large scales, yet still beresponsve to
uniqueloca concerns TheRASs have been established to design, implement, opeate, and
improvethdar RCOOSs. Thiswill be accomplished by increasing theresolution at which
variables are measured, supplementing the variables measured by the nationd backbonewith
additiond variables, and providing data and information tailored to therequirements of
stakeholdersin theregion, as well as by implementing programs to improve public awareness
and eduction.

This doaument is the Observing System Plan for the GCOOS-RA. In order to achieve the
objectives of the GCOOS-RA, it will serve astherequired overal opaationd plan. Thisplan
indudes information relative to:

|dentification of oversightresponsbility;

Suppot staff to ovesee opeation and respond to changes in the System (emergency
respons plan);

Measurement techniques (platforms, sensors, methods);

Backup sensors (especialy homeland security, safe navigaion, and emergency respon®);
Real-time suppot and maintenance of observationa infrastructure;

Evaluation mechanisms to ensure tha the plan is responsble to the usersOneeds and

Data management.

K K

K K K K K



3.0 OBSERVING SYSTEM REQUIREMENTS

An andysis of oberving system requirements indude (1) user needs (2) an inventory of existing
system elements, and (3) agap andysis to assess the mismatch between what isbeng doneand
what the needs of the stakeholders are.

31 Assessment of User Needs
3.1.1 Introduction

Thepotential users of GCOOS induderesearchers, govanment agendes (induding resource
manage's and emergency respondes), the private sector, educators, and thegenera public
especially in the areas of tourism and recreation. The needs of these stakeholders are diverse, and
the GCOOS-RA has begunthe process of collecting information aboutthese needsthrough
targeted stakeholder workshops participatingin scientific, engineering and indudry assodation
meetings and direct contacts with representatives of local, state, and federal govenments,
indugry, and the research community. Theremainder of this section provides some examples of
needs of selected classes of potential users of GCOOS daa and produds.

Researchers have stated thar needsclearly and succinctly as plansfor theU.S. |00S have
developal. Thar needsindudedatain thefollowing areas. geological, physcal, biogeochemical,
and biological, induding both in situ and space-based remotely sensed daa. The produds
requested indudemaps (e.g., of surface currents, hypoxic zones, water qudity, or ecosystem
conditions), algorithms and modds, and more generally daa within a Geographic Information
System (GIS) framework.

Resource managesindudefederal agendes such asthe Nationd Park Service (NPS; e.g., Gulf
IdandsNationd Seashore encompassing the Florida and Mississippi barier idandg, theFish
and Wildlife Service (FWS; e.g., Breton Wildlife Refugeand designaed Wilderness, Louisiang).
Both the NPS and FWS devel op comprehensve congervation planstha address conservation of
fish, wildlife, and plant resources and ther related habitats, while providing oppotunities for
compaible wildlife-dependent recreationd uses. An overriding congderation reflected in these
plansistha fish and wildlife conservation has first priority in park and refugemanagement, and
tha public use beallowed and encouraged aslongasit is compatible with the park or refuge
pumpo<. In suppot of theNationd Parks, thegod of thar inventory and monitoring program is
to acquire theinformation and expertise needed by pak managersin thar efforts to maintain
ecosystem integrity of thepark system. One such system encompasses the barrier idandsof Cat,
East and West Ship, Horn, and Petit Bois tha comprise the Mississippi pat of the Gulf Islands
Nationd Seashore. Theinformation needed for ecosystem management (both marineand
terrestrial) indudes baselineinventories of basic biological and geophyscal naural resources,
and long-term monitoring for ecosystem status and trendsover time at variousspaial scales.
Similarly, theWildlife Refuges need baselineinformation in order for managers to make rationd
management decisions For example, the Breton Wildlife Refuge which encompasses the
Chanddeur Idands was devastated by Hurricane Katrinaand therestoration plansneed to be
guided by the ansvers to questionsconcerning where the sand went, have theidandspassed a
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threshold beyondwhich they will notrecover, and does it make sense to restore them? These
answers need information provided by hydrodynamic modding and long-term ob<ervationsof
isdand evolution in response to storm events. Both the Nationd Seashore and marinemarsh
refuges serve as outdoorlaboratories for the study of physcal, biological, and cultural systems
and their components.

Resource manages also indudestate agendes such as state departments of environmental
qudity, natural resources, and/or marineresources. In Louisiana, the Department of
Environmental Quadity is patnering with thefive Gulf Statesin the Gulf of Mexico Alliance
(GOMA) to address issues of water qudity and clean beaches, redudng nutrientsin State and
Gulf waters, habitat identification and characterization, and restoration. The Louisiana
Department of Natural Resourcesis similarly concerned aboutcoastal wetlandsrestoration and
storm protection. In Mississippi the Department of Marine Resources is concerned with
protecting and restoring oyser habitat, which is afundion of salinity. These and other coastal
state agendes are in need of accurate daa as they make restoration and land management and
marine habitat decisons Ther coastal responsbilitiesindudecoastlines, wetlands and barrier
idands and thar concernsindudeall natural and anthroponorphic events and activities tha
affect ther land areas. Sister agendesin Florida Alabama, and Texas have similar
responsbilities, concerns and requirements.

Educaators want information for classroomtraining and outreach to the general public. A series
of Coastal Ecosystem Learning Centers (CEL C) have been designaed for thefive Gulf States.
TheLouisanaCELC will bein the New Orleansaguaium, the Mississippi onewill beintheJL
Scott Museum in Biloxi when it isrebuilt. These types of education initiatives requested by the
Gulf States will berecipients of all types of ocean and meteorological information. The states are
seriousenoughaboutther commitment to ocean education tha they have hired an education
coordinator throughthe Gulf of Mexico Alliance, Lee Yokd, who sits at the Alabama Sea Lab
on Dauphin Idand. She and the GCOOS-RA eduction and outreach coordinator, Chris
Simoniello, act as theliaisonsbeween the GOMA education and outreach activities and tho of
the GCOOS-RA.

Emergency responcersindudethe U.S. Coast Guard, Federal Emergency Management Agency,
Nationd Guard, and state and local agendes. In emergendes, they need weather, surge, and
wave forecasts, information on distribution of pollutants by currents or winds floodand
inunddion maps and other smilar produdsin near real time.

Gulf of Mexico Alliance. Governments of thefive states bordering the Gulf of Mexico have
formed an alliance to address pressing environmental issues affecting the coastal regionsof the
Gulf in acoordinaed manna. Thefive Governors developed an initial Action Plan
(http://www.gulfofmexicodliance.org) with five targeted priorities:

1. Improvementin Gulf water qudity, with an emphasis on healthy beaches and shdlfish
beds
Restoration and congervation of coastal wetlands
Environmental education;
|dentification and characterization of Gulf habitats to inform management decisions and
Redudionsin nutrient loading.

abrwn



These priorities can be mappead to sampling requirements as shown in Table 1. AlthoughTable 1
lists parameters tha require sampling, it does notindudeany information on thetemporal and
spatia scalestha are required to propely address each issue

Table 1. Matrix of Gulf of Mexico Alliance Priorities and Sampling Requirements
(‘X' denotes a primary requirement and 'y’ denotes a seconday requirement)

Gulf Alliance 1 2 3 4 5
Priority I'ssues Water Wetland Education Habitat Nutrient
Quality | Restoration Charaderi- | Loading
zation Reduction
Sampling Requirements
Temperature X X y
Salinity X X X y
Currents y X X y
Waves y X X y
TopogephyBathymetry y X X
Dissolved Oxygen X X X
Nutrients X X X X
Pollutants X X
Subsdence X
Harmful Algd Bloons X X

3.1.2. GCOOS Assessments of User Needs

In order to begin collecting the necessary information on the needs and requirements of
stakeholders, the GCOOS-RA is holding workshopsand meetingsfor stakeholders. The

workshopsand meetingshdd to date are:

¥ A Workshopto Explore Private Sector Interests and Roles in the U.S. Integrated
Ocean Observing System; Focuson the Southeastern U.S. and Gulf of Mexico, 2-
4 March 2004a MarathonOil Company in Houdon, TX.

¥ NVODS Workshopfor Managers of Coastal Observing System Activitiesin the Gulf
of Mexico, 14-15 Januay 2003at Stennis Space Center, MS.

¥ HABSOS-GCOOS Workshop, 13-15 April 2004in St. Petersburg, FL.

¥ GCOOS and thePrivate Sector: Oil and Gas and Related Indugry Workshop, 2-4
November 2005in Hougon, TX.

¥ GCOOS-SECOORA-NOAA CSC Storm Surge & Inunddion Workshop, 24-26
Januay 2007in New Orleans LA.

¥ Harmful Algd BloomIntegrated Observing System Plan for the Gulf of Mexico

Development Workshop, 14-16 Novembe 2007in New Orleans LA.
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Information on priorities for needed measurements and produds and for suggested pilot projects
to move toward meeting those needs was assembled at these meetingsand workshops Tha
informationis contained in thereports available onthe GCOOS web site (http://www.gcoosorg)
and are summarized in Appendix A. The GCOOS Observing System Committee (OSC),
Produds and Services Committee, Stakeholder Coundl, and Board of Directors will use this
information when consdering observing system enhancements needed to address user
requirements.

3.1.3 Targeted Sodoeconomic Studies

Targeted sodoecononic studies are crudal to more comprehensvely address theimpacts of the
|OO0S. The GCOOS OSC endases thefunding of such studies and recommendstha the IWGOO
determine funding sources for such studies.

3.2 Inventory of Existing Systems
3.2.1 Observing Systems

Thelocal coastal ocean obervatories are listed in Table B.1 in Appendix B. Observing system
assets arein congant flux. In order to beable to track the status of the NOAA fundel coastal
observing assets aroundthe U.S., the NOAA Coastal Services Center (CSC) developel aregistry
(http://www.csc.noaa.gov/cir/regobshtml) for ocean observing systems. After the status of
observing system assets are set up by theinditution opeating them, aserver at the CSC
automatically upddes the status of thel OOS by usngfile trander protocol (ftp) to trander status
filesfromtheparticipaing observing system. It is theresponsbility of each observing system to
keep its statusfiles up to date. Theregistry information on the CSC server, in turn, can be
automatically ftp'd and used by the GCOOS-RA to check the status of thenon-federal
components of the observing system within the GCOOS region.

The GCOOS OSC recommendstha the GCOOS Data Portal project develop scriptsto
automatically cull theinformation from the | OOS Registry for the status of the non-federal Gulf
observing assets, and tha the GCOOS Board work with Ocean.US and NOAA to develop a
capability for registering federal measurements in the Gulf which are part of the Nationd
Backbone At any time a manager/user could then quay the GCOOS Data Portal for the current
status of tha part of theU.S. IO0S in the Gulf. Furthermore, scripts should be developed to
allow users to devel op statistics aboutthe status of the oberving system (e.g., histograms of
spatia separation between sea surface salinity measurements).

3.2.2 Observing Standardsand QA/QC Proceduresin Use

Theobserving standardsand QA/QC procedures used will beindudel in metadaa. The GCOOS
data portal will set up an andogueto theNOAA CSC Data Registry in which a server will daly
quey theobserving systemsto build a dynamic catalog of standadsand QA/QC practicesin use
and build afile of themog recent practices.



3.2.3 Recommendations

¥ TheData Portal developeas should indudemeansto automatically harvest Gulf of
Mexico information from the |OOS Data Registry for adynamically generated inventory.

¥ TheGCOOS Boad should work with NOAA to expand the |OOS Data Registry to
indudeassets of the Nationd Backbonein the Gulf.

3.3  Observing System Design

After prioritized stakeholder (user) requirements for produds (or measurements) have been
identified, adesign for the observing subs/stems necessary to meet those requirements may be
prepared.

Developing arigorousdesign requires tha the measurements needed for therequired produds be
identified, that the accuracy of needed measurements beidentified, and tha thefrequency for
which produds musg be produced and ddivered beidentified. Identification of thisinformation
may take a numbe of iterationsinvolving both stakeholders and oberving system
designagmanagers.

With theforegoing informationin hand, design of a "theoretical" observing subs/stem can
proceed if the correlation coeficients are known, or can beredistically estimated, for the
required measurements and the spatia ranges of remotely-sensed measurements are known. Note
tha correlation codficients are likely to be dependent on space and time, and the same may be
truefor spaial ranges of accurate remotely-sensed variables.

Normally however, we are nat designing observing subsy/stems from scratch. As discussed in
Section 3.2, we have many existing components of observing subg/stems which mug beused in
our designs When designing a subsystem it often may prove desirable to relocate or modify
(e.g., to changefrequency of reporting or accuracy) existing assets as well as add new assets\
the assessment of needed new assets often is referred to as "gap andysis’ (see Section 3.4).

Anothe major congderation in designing an observing system to produce an array of different
produds for variousstakeholdersis tha different produds may depend on some of the same
variablesN particularly on common physcal variables such as temperature, currents, or waves.
Moreover, thedifferent produds may berequired at different frequendes and the accuracy
required of a specific variable may be different for different produds. Many other differencesin
requirements can be envisionad and mug betaken into accountwhen produdngadesign. In fact,
compromises may berequired.

It should be possible to carry out theoretical "experiments’ to estimate the qudity of produds
determined from an array design usng specified fieldsand time series of the variables to be
measured. Moreover, it may provefeasible to optimize an array design usng observing system
simulation experiments (OSSEs). Thisrequires tha numerical modds of therequired variables
beavailable. Then different designscan be evaluaed usng themodd outputs. Unfortunaely,
well-validaed numerical modds do not yet exist for mog ocean variables. Therefore theuse of



OSSEs for mog observing system designsis relegaed to thefuture. In fact, the use of any
observing system experiments to formulate or improve oberving system designsremains
unusud.

34  GapAnalysis

At the present time a complete ggp andysisis premature. There are many ggpsin the coverage of
the coastal oberving system in the Gulf. The deployment of nearly any new observing asset isa
significant improvement!

40 OBSERVING STRATEGY AND IMPLEMENTATION (HOWYS)

41  Badkground

ThelOOS clearly is evolving as a system-of-systems, in much the same way that the |OOS itself
isaU.S. ocean component of GEOSS (Globd Earth Observation System of Systems). These
systems are frequently divided into those that are parts of the Ghationd backbone' (those
observing assets which are directly federally suppoted and maintained on a naiond scale) and
regiond assets for which oversightis maintained by the RCOOS Regiond Assodation (and
commonly provided by interests within theregion). Therefore, the GCOOS oberving system
strategy mug betwo pronged. First, we mug seek the maximum utilization of the naiond
backboneassets within theregion; this demandsthat we seek participaion in processes which
shgpethe evolution of those assets. Second, we must select and place regiond oberving system
assets to complement the naiond backboneand provide valuable additiond information for both
regiond and nationd use.

42  GCOOS Systems

GCOOS systems are also systems-of-systems. Based both on funding and opeations GCOOS
began with many sub-regiond observing systems suppoted to ddiver specific information
needed by thefunding entity. Theinitial task has been to integrate these legacy sub-systems
throughpromoting coopeation and data sharing. Table B.1 in Appendix B lists the sub-regiond
observing systems now within GCOOS. The GCOOS-RA mug seek to determine optimum
systems and placement for theregiond needseven in the current modest and largdy
academically opeaated efforts within theregion. As the |OOS matures and structural mechanisms
for funding and programs change the GCOOS-RA should continuea strongcoordinaingrolein
defining the mog effective oberving system that resources will allow.

As GCOOS members add to its observing system by fielding new sub-systems, coordindion
should occur unde the augpices of the GCOOS Observing System Committee. Clearly, local and
spon®r consderationswill always be present and to some extent the primary driver of oberving
system type and placement. However, an integrated system requires regiond coordinaion and
NOAA has awarded two grants to GCOOS tha will improveinteropeaability and coordinaion of
thesub-regiond systems.



Thefirst new NOAA grantisfor aproject titled Standadization of Local Data Network Nodesin
the GCOOS-RA. The project has three major objectives for improving interopaability:
establishing a single common vocabulary for variables served, serving point and vector daavia
Open Geospaia Consortium (OGC) compliant Web Services, and serving satellite daain GIS-
compaible OCG Web Coverage Service (WCS) formats.

The secondnew NOAA grantistitled Integration of and Regional Enhane@ments to the Gulf of
Mexico Coadal Ocean Observing System. GCOOS will build and maintain a professiond grade
data porta and management system to serve regiond daa and produds usng community-
developdal, Service-Oriented Architectures such as the Open Geospadia Congortium (OGC) Web
Services and OPeNDAP or hybrid OPeNDAP servers. Users will notbetied to a specific
application or graphical decision suppot tool. Standardized QA/QC, metadaa, and DMAC
practices will beused.

43 National Backbone Enhancements Needed for GCOOS

Thefollowing recommended enhancements to theNationd Backbonein the Gulf of Mexico
come fromthe GCOOS-RA Conceptud Design, Version 1.1 (GCOOS-RA 2008) The
recommendaionswere based uponGCOOS surveys and meetingsover the past six years. These
are notdescribed in detail nor are cos estimates provided in this doaument. However, they
clearly are needed to meet requirements of stakehdders usng obervationsand information from
the GCOOS.

Satellite remotely-sensed obervationsand their produds

Alongwith theentire Globd Ocean Observing System (GOOS) endeavor, continugion and
expandon of the satellite remote sengng programsis a high priority for GCOOS. Thisis
paticularly true of developments tha will lead to both better processing algorithms and
spatia/temporal samplingin thecoastal regime.

Monitor river discharge and nutrient loading

Improve and enhance monitoring of water qudity in watersheds estuaries, and coastal to shdf
waters, as well as fluxes between these entities. Asrecommended in thereport of theUS
Commission on Ocean Policy (2004, the Coundl on Environmental Qudity is proposng a
federal water qudity initiative involving EPA, NOAA, and the USGS. The GCOOS-RA would
like to see a demondration project in the Mississippi River watershed and the Gulf of Mexico
tha isfocused on nutrient enrichment issues, such as hypoxia. Alongthese lines, GCOOS
recommends

¥ Monitor dischargeof all significant U.S. rivers emptying into the Gulf of Mexico
¥ Monitor nutrients and other ecosystem indicators in major rivers

Amongthemajor riversfor theregion are the Mississippi and Atchaalaya rivers and the Sabine,
Brazos Trinity, San Jacinto, Alabama, Tombigbee, Apdachicola, Pearl, and Pascagoularivers.
Theriver monitoring information is needed by managers dealing with hypoxia, hamful agd
blooms, environmental qudity, fisheries, and inurdation/storm surge flood management.



Implement additiond Physical Oceanographic Real-Time Systems (PORTS)

Enhandng safe and efficient marinetrangpontationis avery high priority for thenaion. A thrug
to "modenize heghts and implement real-time water level and current observing systemsin all
major commercial ports’ is oneof five priority actionsrecommended to NOAA by the
Hydrographic Services Review Pand. These actionsare judged necessary to maintain and
improvethe U.S. Marine Trangportation System. In the Gulf we have for some time had PORTS
in TampaBay and the Hougon/Galveston ship channd. Now there is significant growth of
NOAA PORTS Systems alongthenorthern Gulf. Observing systems are beng indalled and
starting opeation to serve the port and navigation community as well aslocal coastal
communities and states at Mobile, Pascagoula, Gulfport, the lower Mississippi River, Lake
Charles (induding the Calcasieu ship channd), and the Sabine Neches region. At thistime there
are no plansfor nowcast/forecast systems for these new PORTS areas; they are highly
recommended.

Suppot theNationd Coastal Data Distribution System (NCDDC)

TheNCDDC, apat of NOAA's Nationd Ocean Data Center, is becomingamajor player in the
GCOOS. They aretheprindpd distribuion center for harmful algd bloomdata viathe
HABSOS project. They are working with Gulf oberving system entities to implement the | OOS
DMAC standadsand protocols. They have themandae to facilitate discovery and exchangeof
coastal data. They are heavily involved in thedevel oping Integrated Ecosystem Assessment.
These activities require additiond suppot for NCDDC.

Suppot for the Nationd Data Buoy Center (NDBC)

TheNDBC isresponsble for alarge suite of buoys and platforms in the Gulf. Thoughthese
stationsprimarily provide meteorological informationin real time, they also are increasingly
being used to obtain data on surface waves, surface currents, and surface salinity and
temperature. Other measurements may be added as plansfor additiond observing sub-systems
develop, e.g., optical propeties, nutients, hamful algd blooms, or carbon Recommended
enhancement of NDBC buoyand C-MAN neaworksindude

¥ Addwave directiondity to wave height\ useful for rip current forecasting and sediment
trangoort estimation

¥ Addvisibility measurementsN needed near the Mississippi River and other areas for

biological produdivity estimation and for river-ocean connection

Add acousic Doppler current profilersN condraints for modds and for HF radar network

Add ecosystem measurements, as feasible

Add water level measurements

Increase the nunber of stationsin these networks by a factor of five, induding additiond

meteorological stationsin the near coastal zonefor use in forecasting surface currents as well

asto improveregiond modds

K K K K

In addition, the NDBC receives, qudity controls, and distributes (induding short-term archival)
avery largenumber of rea time daafrom sources other than the center. In the case of GCOOS,
theNDBC istheprindpd collection and distribution point for our real time data. Both of these
efforts require additiond suppot for theNDBC.
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Integrate the water level network for the Gulf of Mexico
¥ Adjud al water level measurements to a common set of daums
¥ Andyzeall extant water level recordsfor regiond trendsand assess new requirements

4.4 Review of New or Under utilized Technologies

Autononousbiogenchemica sensors are undegoing a phase of relatively rapid development,
with sensors for detecting Harmful Algd Bloons and nutrients leading the way. These types of
sensors will need to beutilized in much larger numbers if thelOOS isto monitor at the
ecosystem level. There aso are other new and underutilized technologies such as High
Frequency (HF) Radar stationsfor remotely measuring surface currents and Autononous
Undawater Vehiclesfor avariety of sampling and monitoring activities. Development of an
opeationd 3-D circulation numerical modd is needed for the Gulf of Mexico. Thefollowing are
examples of technologies now beng developed and/or utilized in a number of projects within the
Gulf, buttha do notyet have widespread use:

HF Radar

Presently, within the Gulf of Mexico, HF Radar isonly beng opaationdly used by the
University of Southern Mississippi (USM), University of South Florida(USF), Chevron, and
British Petroleum. Establishment of an opeationd HF radar network to monitor surface currents
isahigh priority for GCOOS. This network would be part of the nationd surface current
monitoring initiative beng planned by Ocean.US.

Nutrient Sensors

In 2006,the NOAA-funded Alliance for Coastal Technologies (ACT; http://www.act-usinfo/)
hdd aworkshopon commercially available rea-time nutrient sensor systems and thar use in
coastal ocean observing systems. Theworkshopwas motivated by theinareasing nunber of
available sensor systems and theimportance of monitoring nutrients. Table 1 of theworkshop
report (ACT 2006)is amatrix of commercially available (or soonto be available) real-time
nutrient sensor systems and the nutrients each system is capable of measuring.

Harmful Algad Bloom Detection

Mote Marine Laboratory has developed an in situ submersible hypeaspectral spectrophobmeter
(Optical Plankton Discriminator) that can beused to detect the presence of thetoxic
dinoflagdlate species Karenia brevis. This package, called the BreveBuger, has been deployed
on mooringsand asmaller ingrument package has been developel to fit into the payload bay of
aWebb Research SLOCUM glider. USM will bethefirst ingitution to acquire acommercial
version of theglider deployable BreveBuger from Mote and hence will bethe secondinditution
in the Gulf with that capability.

Flow Cytometry and Microscope (FlowCAM)
Bigdow Laboratory for Ocean Sciences has designed a portable flow cytometer and microscope
ingrument packagetha can be used to automatically detect and identify awiderangeof
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plankton, induding some types of HABs. Texas A& M University has tested a modified version
tha is suitable for deployment ona buoy.

pCO2 and CO2 Air-Sea Flux

The NOAA Pacific Marine Environmental Laboratory (PMEL ) has developed a buoy-mourted
ingrument to measure the pCO2 gradient between the atmosphee and surface ocean layer. The
University of Southern Mississippi, the Geochemical and Environmental Research Group at
Texas A&M University, and PMEL have teamed up to deploy such an ingrument in thenorthern
Gulf of Mexico to hdp build a"Carbon Observatory” in the Gulf.

Opeationd 3-D Circulation Modd for the Gulf of Mexico

Oneor more numerical circulation modds, utilizing data assmilation, for the Gulf of Mexico are
needed for development of produds for thefuture. The bendfits of having both a high dendty
modd data (compared to measured data densty), which dynamically interpolates the
observations and the capability to forecast the ocean state, will greatly increase the ussfulness of
GCOOS. For example, it would providereliable bounday conditionsfor smaller-scale coastal
and estuainemodds. An integration and assessment of numerical circulationmoddsfor the
regionisafirst step toward building the needed operationd 3-D circulation modd.

45  Coordinated Operations. Technical Expert Teamsand Maintenance and Repair

The GCOOS-RA should coordinae thetechnical expertise of its members to ensure tha any
observing system element can propely deploy, operate, troubleshoot, and repar any observing
equipment. It is recommended tha GCOOS develop "Expert Teams' for varioustypes of
equipment, such as High Frequency Radar, automated nutrient sensors, and autononous
undewater gliders.

An opeationd system requires tha spares bereadily available to replace malfundioning
equipment. However, it is expendve for each obsrving system element to have a full inventory
of replacement equipment. It isrecommended tha GCOOS investigate ways to create a system-
wide equipment replacement pool. Since GCOOS is composed of many different ingitutionsand
companiesit isachdlenging task to develop a workable solution, butit is crudal to find away
to make this work.

46  Tropical Storms, Hurricanes, and Other Major Environmental Events

Theimpending entrance to the Gulf of atropical storm or hurricane, amajor oil spill, or other
calamity can leave little time for deciding on evacuation of assets or implementing changesin
sampling intervals to hdp emergency respondes. Thisis especially the case for tropical storms
and hurricanes. Evacudionsof some low-lying areas in the Gulf are nowbegunupto 72 hours
before projected landfall. The people who can make changes to sampling intervals for
ingrumentsin the path of atropical storm also are dedling with persond emergency
preparations Emergency opeationd planshave to be putin place before an event occurs and, to
the extent possible, people outside of the affected areas need to beresponsble for making any
sampling changes tha can be doneremotely. And, it should beclear tha for observing assets that
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utilize satellite telemetry, backup daa collection by servers outside of the affected areas should
bein place.

4.7  Pilot Projects

A GCOOS pilot project is defined as an organized, planned set of activities with focused
objectives designead to provide an evaluation of technology, methods or concepts within a
defined schedule and having the overall god of advandng the development of the sugained,
integrated U.S. 100S. Potential GCOOS pilot projects should identify how eventud
development into the opeationd system will achieve GCOOS observing system prioritiesin
order to earn an endasement by GCOOS. A list of the pilot projects presently unde
development to dae areinduded in Table A.8 of Appendix A. Others will bedevelopel asthe
GCOOS-RA Boad of Directors congders suggestionsfrom stakeholder sectors.

50 OBSERVING PRIORITIES

Observing priorities should bedriven by consdering how best to meet the prioritized
requirements of stakeholders given available technologies, the current state of the observing
system, and cog-benefit conaerns How and whether new observing assets may hdp meet
stakeholder priorities throughproviding better forcing, bounday conditions and/or daato
assimilate into numerical nowcast/forecast modds should be consdered by the OSC in
conalltation with the Stakeholder Coundl (SC) and Produds and Services Committee (PSC).
Thepriorities should also be consstent with the current GCOOS Busgness Plan and agreed to by
the GCOOS-RA Board of Directors. Figure 1 illudrates thetripartite relationship, overseen by
theBoad, between the SC, OSC, and PSC required to propely prioritize development of the
observing system. The DMAC committee'srolein the processis to make sure that all of the
planning doneis consstent with GCOOS DMAC policies and procedures.

The Observing System Priorities will beinduded in this section once the processin Figure 1 has
matured to thelevel tha well developed priorities have been identified. However, there area
number of regiond enhancementsthat are unde ongoing review and are expected to evolve.
These indudeHF radar observing system for surface currents and waves, Water level observing
system for the Gulf of Mexico; System of autononbusmeteorological monitoring packages,
Hypoxia monitoring system for the Gulf; Harmful Algad Bloomintegrated observing system;
Development of a degp-ocean, advanced capability sentind station; Data Management System
with Data Portal, Regiond OperationsCenter, andfull DMAC implementation; Operation of a 3-
D circulation modd for the Gulf of Mexico; and Education and Outreach Program (GCOOS-RA
2008)
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Figure 1. Observing system priorities require consultation between the OSC, SC,
and PSC and approvd from theBoard. The DMAC committee ensures tha any
planningis consstent with GCOOS DMAC policies and procedures.

6.0 PARTICIPATION IN DEVELOPING NATIONAL OBSERVING
SYSTEMS STANDARDS AND QA/QC PROTOCOLS

Below are listed GCOOS-RA paticipantsin groups working to develop naiond observing
system standards and QA/QC protocols. It is seen tha GCOOS-RA members are well
represented. Appendix C provides additiond information on standards devel opment.
(Please add to thislist as appropriate-forward information to Stephan.howden@uam.edu.)

|OOS DMAC
Steering Committee
Matt Howard, Official NFRA Rep. (Texas A&M University)
JohnLever (NAVO) (Not an official GCOOS member, butresident in the Gulf)
Metadata & Data Discovery Expert Team
Julie Bosch, Co-Char (NOAA/NCDDC)
Community Engagement Caucuses/Regiond
Matt Howard, Char (Texas A& M)
Systems Engineering Working Group

14



JohnLever Co-Char (NAVO) (Notan official GCOOS member, butresident in the Gulf)
DMAC Interagency Oversight Working Group
JohnLever, Co-Char (NAVO) (Not an officia GCOOS member, butresident in the Gulf)

Participants in Quality Assurance of Real-Time Data Workshops(http:/qartod.org)

A numbe of GCOOS members have paticipaed in the QARTOD workshops(QARTOD 2003,
2005a 2005b,20089:

Vernon Asper, University of Southern Mississippi (QARTOD )

BrendaL eroux Babin, LUMCON (QARTOD I, III, & V)

Landry Bernard, University of Southern Mississippi/Nationd Data Buoy Center (QARTOD )

Julie Bosch, NOAA/NCDDC (QARTOD I, I1, 111, 1V)
Bill Burnett, NOAA/NWS/NDBC (QARTOD I1, 111, V)
Don Conlee, NortekUSA (QARTOD I, 11, I11)

Dick Crout, Nationd Data Buoy Center (QARTOD V)

Mike Dardeau, University of South Alabama (QARTOD )

Jamie Davis, University of Southern Mississippi (QARTOD 1V)

Matt Howard, Texas A& M University, (QARTOD I, 1)

Stephan Howden, University of Southern Mississippi (QARTOD I,111, 1V)
Lei Hu, Dauphin ISand SeaLab (QARTOD IIl & 1V)

Ed Kearns South FloridaNatural Resources Center (QARTOD 1)

Terry McPherson, NASA (QARTOD )

Robert Raye, Shdl Oil (QARTOD I, 1)

Don Roman, University of Southern Mississippi & NOAA/NCDDC (QARTOD I11)
Vembu Subramanian, University of South Florida(QARTOD I, I11)

Neil Trenaman, Danish Hydraulic Inditute (QARTOD I1, 111)

Participantsin the QARTOF to OCG (Q20) (NOAA CSC, Stennis Space Center 2008)
BrendalL eroux Babin, LUMCON

Julie Bosch, NOAA/NCDDC

Richard Buchard NOAA/NWS/NDBC

Bill Burnett, NOAA/NWS/NDBC

Don Conlee, NortekUSA

Dick Crout, NOAA/NWS/NDBC

Jamie Davis, University of Southern Mississippi
Matt Howard, Texas A&M University

Stephan Howden, University of Southern Mississippi
Lel Hu, Dauphin Iand Sea Lab

Vembu Subramanian, University of South Florida

Participants in the Salnity Best Practices Workshop (NOAA CSC 2005)
Julie Bosch NOAA/NCDDC

Bill Burnett, NOAA/NWS/NDBC

Richard Bouchad, NOAA/NWS/NDBC
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Participants in the Radiowave Operators Working Group (ROWG) (http://www.rowg.org/)
Stephan D. Howden, University of Southern Mississippi

ArneDiercks, University of Southern Mississippi

Buzz Martin, Texas Land Grant Office

Brian Haus University of Miami

JohnPerez, Texas A&M University at CorpusChristi

Jorge Martinez-Pedragja, University of Miami

Clifford Mertz, University of South Florida

Matthew Howard, Texas A&M University
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70 RECOMMENDATIONSAND CONCLUSION

Throughthetwo NOAA funded GCOOS DMAC projects, theinteropeaability infrastructure will
bein place for the GCOOS to develop as an integrated system. It isrecommended tha any
observing system enhancements should be required to follow relevant protocols and practices
developad unde the Data Nodes and Data Portals projects.

The OSC also strongly recommendsimplementation of an automated GCOOS observing system
inventory system as described in Section 3.2, with enhancementsto indudethe naiond
backbonein the Gulf and QA/QC practices. A dynamic inventory system is required to keep the
inventory upto dae and usable.

Hurricanes and tropical storms dominae the concernsof residents of the Gulf States, andit is
strondy recommended that plansand protocols bedeveloped for actionsto betaken by the
observing system elements when such storms are developing in the Gulf or are forecast to enter
the Gulf.

Themod important recommendaionis tha the GCOOS-RA develop forma communication
channds between the Stakeholder Coundl, Observing System Committee, Produds and Services
Committee, and Data Management and CommunicationsCommittee needed to develop the best
observing system priorities.
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APPENDIX A

PRIORITY TABLES

Oil and Gasand Related Industry Priorities

Table A.1 Priority Productsfor Oil and Gas Sector (H=high, M=medium, L=low priority).

Products Length/time scales Key Components/M easurements Priority
Hurricane severity Accuracy of 20% Models, Upper-level circulation, BL, ocean mixed- H
forecasts CPl at 5 days layer temp., offshore Doppler radar
Surface current 0-15 days,10 km Models, wind, HF radar, density profiles, SST, river H
forecast maps horiz. D/W, 1 km inflow, air-seaflux, bathymetry, front locations,

shelf tomography

Measurement & N.A. List of al ongoing measurements, periodically H
product archive updated. Archive of data collected after initiation of

GCOO0S
Operational maps of Existing. Higher AVHRR, GOES, TRMM H
SST resolution TRMM
Forecast maps of 3-D 0-30 days10 km Models, density profiles, SSH, SST, winds, air-sea H
deepwater currents horiz, 50 m vert. flux, ADCP, Caribbean current inflow
Forecast maps of winds | 0-15 days,10 km BL, offshore surface met. (V, T, P, H) sensors, H
and waves (& crests) horiz. D/W, 2 km atmospheric profiles, QuikSat, TRMM, Doppler

shelf Radar, currents (for waves). Storewaves at 2Hz

3-D current forecasts 0-10 days,1 km Modeling, density profiles, SST, Winds, river H-
on shelf horiz,2 m vert. inflow, air-seaflux, bathymetry (in some small

areas), ADCP
Probability maps of Turbidity current measurements & modeling, H-
bottom hazards hydrate locations, soil type, bottom currents, high-

resolution bathymetry, waves
Marine mammal & Monthly Physical sightings, tagging, currents (as a proxy) M
turtle maps
L egacy measurement N.A. Inventory and archive of QA/QCQ@ data M
& product archive
Improved storm surge | 0.5 km horiz. High resolution model, hi resolution bathymetry & M
probability maps (not ref. water level, wind stress, bottom roughness, atm.
real-time) pressure
Severe weather Offshore Doppler radar, lightening strikes M
monitoring
Maps of water quality DO, PH, Nutrients, Hydrocarbons, salinity, M
(DO, PH, etc.) temperature, river inputs, models, currents, winds,

hyperspectral (satellite)
Maps of hydrocarbon L
seeps
Maps of L
chemosynthetic & arch.
sites
Maps of SSH, Color L
Imagery
Bathymetry, L
topography, soil maps
Temperature/Salinity L

profiles
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Table A.2 Priority Measurementsfor Oil and Gas Sector (H=high, M=medium, L=low

priority).

M easur ement Rationale/Comments ResponsibleParty | Priority
Hurricane severity model Two factors control damage: severity and National H
improvement proximity. The latter have improved Hurricane

substantially but the former has not. Center(NHC)
Operational satellite An essential input into most deepwater current NOAA H
atimeters, near real-time models. Several altimeters must be kept

operational indefinitely .
Operational satellite An essential input into current models and other NOAA H
radiometers, near real-time | anaysistools. Would like to see resolution of

TRMM improved.
Operational satellite wind An essential input into current, wind, and wave NOAA H
(QuikSat), near real-time models and other valuable analyzed products.
2 Hz wave data, not real- Measure for possible rogue waves during storm NDBC H
time events
M easurements to improve GCOOS needs to dialogue with NHC to NHCGCOOS H
hurricane severity determine best ways to contribute, e.g. humidity
forecasting, real-time sensors and/or Doppler radars installed on

offshore platforms?
Offshore meteorology Needed for current model, improvement inwind | GCOOS H
measurements (V, P, T, H), | forecasts, etc.
real-time
Upper-column current & Needed for current model assimilation and GCOO0s H
temperature/salinity validation, and to provide direct measurements.
profiles, real-time Present network is sparse in the west and east.
3-D Ocean current model Needed for offshore operations & environmental | GCOOS H
forecasts, rea-time issues (hypoxia, oil spills, etc.)
Marine mammals and sea To avoid environmental damage due to necessary | GCOOS, MMS, H
turtle sightings, not real- oil-related activity, i.e. seismic surveys NMFS, Industry
time
High resolution coastal Input for current and wave models and for NOS, USGS, H
bathymetry, topography, & | subsidence, mud slides. Should include long GCOO0Ss
subsidence rates term sea level measurements
Turbidity current, not real- Unclear how you would measure. Pilot project? | MMS, GCOOS H-
time
Water quality parameters High priority in specific coastal regions & for EPA, USGS, M-H
(DO, PH, nutrients, COD, riverine inflow. MMS, NOAA,
etc.) DOA, DOE,

Industry, GCOOS

Offshore HF radar, real- Provide rea-time surface current mapsfor model | GCOOS M+
time assimilation, Loop current tracking, oil spill

tracking, etc.
Caribbean inflow (Yucatin | Key input into current model. Also provides GCOO0s M
or Florida Straits), real-time | long-term record of interest to climatologist.

Pilot project for tomography??
| dentification of Could be derived from several different methods | MMS, GCOOS M
hydrocarbon seeps including targeted AUV surveys, SAR, etc?
| dentification of MMS, GCOOS L

chemosynthetic & arch.
sites
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Storm Surgeand Inundation Workshop Priorities

Table A.3 Prioritized products'measurementsto enhance resilience to inundation.

Priority | Product/M easurements

1 Accurate bahymetry and topogaphy with congstent vertical control between various
data sets

2 Dataon sealevel, winds waves, etc. for use in forecast modds, nowcast andyses,
and forendc reports. Hardened daa collection and communications

3 Improved forecasts of inunddion. Ensemble forecasts are needed. These should
indudeheghts of surge, tides, wave set up, precipitation, andriver flow, aswell as
waves.

4 Improved inunddion mapsfor hazard mitigaion planning. This requires updded
probabilistic methods improved modds, use of forendc data, and improved, easy
access to archived daa

5 Inreach communication anongemergency managers, community plannes and others
to develop and present consstent messages, to build expertise, andto develop asense
of "community".

6 A clearing hou for pre- and pod-storm information. This might have both apublic
access and an access only for opeaationd users. It should indudeboth pre-storm daa
(e.g., areal phobs) and pod-storm informationfor use by teams during rescue and

adjudors.
7 Forendc engineering studies to access wind and floodinunddion damage
Others (not ranked)
¥ Augmented Safir-Simpson scale for hurricanes with additiond information
¥ Improved public outreach
¥ A clear process for moving storm surge modds from research to opeationd status

Table A.4 Pilot projectsto enhanceresilience to inundation.

Priority | Pilot Projects

1 Benefit-cog andysis to determinevaue of having current 24-hour-qudity forecast at
48 hr. Use datafrom variouspast events (Floyd, Rita, Georges, Katring).

2 Compile/develop standardized methodsto measure surge elevations Indudegages,
other sensors, HWMs. Utilize best practices tha are out there.

3 Work with EM community to develop sample inurdation forecast produds for
decision-making at varioustime steps (96/72/48/24 hr). Produds should give easily
digestible info, and not overwhdm individud with too many separate mapsfor each
step.

4 Develop prototype of surge event clearinghoug. Needsassessment to get
componets/players. Mus indudemin. standadgQC for data (avoid QandfillO
syndrome). Can indudekey staff/ capabilities wanted for EOC (e.g., Science Coord.,
GIS expetise).

5 Sengtivity runsof storm surgemoddsto hdp determinerequired horizontal and
vertical resolutionsof bathymetry.
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Preliminary HABs Priorities

Table A.5 Recommended actions* for monitoring and forecaging harmful algal blooms.
New priorities are being developed asthe HABs Observing System Planis prepared.

Functional Category

Description Status

Harmful Algd Bloons
Observing System
(HABSOS)

NOAA HAB Bulletin

Ocean observations

Modds

Standardsand protocols

Research and
development

Internet-based data communications Pilot project for FL and
and management system for accessing ~ TX progressing

and disseminaing data and information

for HAB management.

For state managersto addresstheneed  Operationd

for quick ddivery of condse

information onthelocation, intengty,

and expected development and

movement of blooms of Karenia brevis

HAB monitoring can beimproved by HABs Observing System
theincorporation of sentind stations Planisunde

and of observing stationsplaced in development; Versionlis
strategic HAB areasand indrumented  expected in early 2008
with additiond detection sensors, and

development of a plan for these stations

isahigh priority. TheHAB

community will also benefit fromthe

contribution of additiond observing

stationsto improve coastal ocean

forecasts, thefounddionsfor HAB

forecasts.

A coordinated effort to identify the No coordinaed effort
modd or modd outputtha is needed undeway.

and to address which modds can be

usd in real time, near real time, or as

forecastsis a high priority for

developing an HAB forecast capability.

The establishment of standadsand

protocols for daa collection procedures

and for routinemonitoring will

facilitate data exchangeand research

acrossthe U.S. and Mexican states.

Improvements to detectiontechnologies R&D isundeway to a
to make HAB deection faster and limited extent; moreis
simpler in thefield isahigh priority. needed.

*pbased on theinformation at
http://ocean.tamu.edu/GCOOS/Office/doaumentsyHAB_GCOOS _report.pdf and
http://ocean.tamu.edu/GCOOS/System/HABs_priorities.pdf
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Preliminary Transportation Priorities
Table A.6 Preliminary Priority Actionsfor Marine Transportation Sector

A stakeholde workshop on the marinetrangportation sector is planned for 2008 As preliminary
priorities, we suppot those for hydrographic services improvements recommended in the Federal
Advisory Committee Special Report 2007 prepared by the Hydrographic Services Review Pand
(HSRP 2007) Thefive priority actionshave been recommended to NOAA by thePand as
necessary to maintain andimprovea competitive U.S. Marine Trangportation System. Additiond
GCOOS-specific prioritieswill bedevelopa at the 2008workshop.

1. Aggressively map the nation'sshorelines and navigationdly significant waters

2. Integrate coastal mapping efforts and ensure federally mandaed channds, approaches,
and anchorages are surveyed to thehighest standad

3. Modenize haghts and implement real-time water level and current observing systemsin
all major commercia ports

4. Strengthen NOAA's navigationd services emergency respong and recovery capabilities

5. Disseminate NOAA's hydrographic services daa and produds to achieve greatest public
bendfit.

Preliminary Search and Rescue Priorities
Table A7. Primary (P) and secondary (S) meteorological and oceanographic data needed
for planning SAR operations. Taken from (Environmental Data Needsfor U.S. Coast Guad@

Search and Rescue Optimal Planning SystemOby Arthur A. Allen of the USCG.

A7.A Meteorological & Oceanographic Parameters Needed for Planning Maritime Searches

SAR Steps Environmental Parameters
Winds| Currents | SST | AST | Waves | Visbility | Cloud | Icing
cover
Pre-Incdent P P
Voyage
Drift P P S
Trajectories
Search Effort S S P S
Allocation
Search P S S P P P
Operations
Accountfor S
Previous S P S
Searches
Stopping the S P P S
Case
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A7.B Anticipated NOAA Products that might beadded to the U.S. Coad Guard
Environmental Data Sever in 2008and 2009

Agency Product Winds Currents Other
NOS PORTS Chesapeske, St
JohnRiver,
Galveston,NY
Harbor

NCEP NDFD CONUS coeastal
NCEP NAM Alaska HF radar

DMid Atlantic
NCEP NAM Air Temp, Visbility
NCEP RTOFS SST, Wave Height

A7.C Anticipated NOAA Products to be Needed by the U.S. Coad Guard

Environmental Data Sever by 201092014

Agency Product Winds Currents Other
NOS PORTS San Frandsco
Or Columbia River
Regiond Bogon Harbor
modds Lake Champlain
Lake St. Clair /
Detroit River
Delaware Bay
Longldand
Sound
Puge Sound/
Sedttle
Prince William
Sound
Cook Inlet
SE Alaskafjords/
channds
NCEP RTOFS Pacific Dispersion/
diffuson/
uncertainty
NCEP Highres Alaska
HF radar- CONUS
& Hawaii
NCEP NAM Parameters for EO/10
Sensors
NCEP WAM Wave Spectrum
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Initial Pilot Projects

Table A.8 Initial Pilot Projects Selected for Implementation Plan Development and
I dentification of Funding

Pilot GCOOS OperationsCenter with a data portal as the start for the OperationsCenter.
Forecasts of three-dimengond surface currents for the Gulf of Mexico.
Improving forecasts of hurricane severity.
Water qudity measurements for human pathogenslinked into a GOM-wide beach hedlth
indicator map.
Ingrument regularly scheduled tanker traffic with automated oceanography and meteorology
monitoring systems.
Measurement and produds archive for the degpwater Gulf of Mexico.

Develop probability mapsof bottom hazards and maps of hydrocarbon seeps
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