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Brief Project Summary including objectives and intended benefits:  

The Pacific Islands Ocean Observing System (PacIOOS) empowers ocean users and 

stakeholders by providing accurate and reliable coastal and ocean information, tools, and 

services that are easy to access and use. PacIOOS is a partnership of knowledge providers and 

users working together to enhance ocean observations and to develop, disseminate, evaluate, and 

apply ocean data and information products to address the environmental, economic, and public 

safety needs of stakeholders who call the U.S. Pacific Islands home (Appendix A, Figure 1). 

Thirteen years after its inception, PacIOOS is a trusted enterprise directly serving 460,000+ 

unique visitors per year1. PacIOOS owns and operates data and observing infrastructure 

throughout the U.S. Pacific Islands as one of the eleven regional observing programs that support 

the U.S. Integrated Ocean Observing System (IOOS). On October 23, 2020, PacIOOS was the 

first regional association to be recertified as fully integrated into IOOS as a federally-

recognized, trusted data and information source for another five years. 

Over the next five years, PacIOOS proposes to continue providing ocean data and 

information to support science-based decision-making to ensure a safe, clean, and productive 

ocean and resilient coastal zone for the U.S. Pacific Islands. We will continue to benefit users by 

advancing a mature, cost-effective, and stakeholder-driven coastal ocean observing system that: 

1) sustains and improves the existing observing and modeling capacity in Hawaiʻi and the wider 

U.S. Insular Pacific; 2) expands and enhances observing and modeling capacity to address 

remaining gaps; 3) enhances data management and engagement subsystems to continue the 

provision of integrated, customized, and timely ocean information, data products, and tools; and 

4) engages and collaborates with partners and stakeholders to respond to priorities in non-

governmental organizations (NGOs), local, state, territorial and federal agencies, academia, 

commercial entities, industry, Indigenous communities, ocean users, and the general public. 

We aim to continue efforts that inform policy, conservation, operational, commercial, and 

recreational decision-making related to our thematic areas: marine operations; coastal 

hazards; water quality; and ecosystems and living marine resources. In addition, we will 

continue to engage users, stakeholders, and system partners in the use, education, and outreach of 

technical capacity, data visualization, and ocean information. 

 

Partners: PacIOOS programs are driven by the needs of its partners, who are essential to the 

vision, prioritization, development, implementation and maintenance of the program. Many 

agencies and organizations have been instrumental to ocean observing in the Pacific Islands and 

have provided and/or continue to provide resources for component systems, contributions to data 

and products, maintenance and management of observing instrumentation, participation in 

strategic planning, and/or service on the PacIOOS Governing Council. PacIOOS is privileged to 

partner with 150+ federal, state, territorial, international, and local agencies, academic institutes, 

NGOs, and companies, 63 of which are signatory partners to the organizational Memorandum of 

Agreement that establishes the oversight and stakeholder management of PacIOOS. 

Complementary funding from partners has helped build and sustain the system. Appendix B 

provides a more detailed list of PacIOOS partners; Appendix C is a compilation of letters of 

support from a diverse subset of these partners and stakeholders, chosen to illustrate the breadth, 

but not the depth, of the impact and value of our efforts.  

 
1 Determined from unique visitor counts to PacIOOS web-based services as recorded by Google Analytics and 

AWStats services embedded in PacIOOS products, and not inclusive of partner sites that also serve PacIOOS data. 
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I.   Introduction/Background 

Ocean data and information help save lives and protect livelihoods and resources—capital, 

environmental, and cultural. This is the premise of PacIOOS. As one of 11 Regional 

Associations (RAs) comprising the coastal component of IOOS, PacIOOS contributes to the 

national effort to have “eyes on the oceans, coasts and Great Lakes.” We sustain ocean observing 

in the State of Hawai‘i, territories of Guam and American Samoa, the Commonwealth of the 

Northern Mariana Islands (CNMI), the Republic of Palau, the Republic of the Marshall Islands 

(RMI), the Federated States of Micronesia (FSM), and U.S. Minor Outlying Islands of Howland, 

Baker, Johnson, Jarvis, Kingman, Midway, Palmyra, and Wake (Appendix A, Figure 1).  

Spanning six time zones across the Pacific Ocean, the PacIOOS region is the largest 

within IOOS. The region is bisected by the International Date Line, straddles all four 

hemispheres, is distributed over an area of nearly 35 million km2, and includes 2,500 km of 

coastlines and over 2,300 individual islands. Though each island constituent in the region is 

distinct in terms of their respective governments, languages, legal systems, geographical setting, 

cultural norms, societal structure, economies, and level of infrastructure, all are uniquely tied to, 

and dependent upon, the ocean. The open and coastal waters of the region are a leading source of 

food, place of recreation, basis for a tourism-based economy, foundation of island cultures, 

network for transportation, and dominant driver of regional weather patterns and global climate.  

 In addition, the PacIOOS region is home to some of the richest, most diverse, and 

commercially important ecosystems in the world. This diversity is protected by one of the 

world’s largest network of marine conservation zones, supports a multi-billion-dollar tourism 

industry, and sustains pelagic and coastal commercial fisheries with an annual economic value 

over $260 million (Gillet, 2016; Grafeld et al., 2017, and WPFMC, 2016). Initial regional coastal 

ocean observing system (RCOOS) development within the PacIOOS region began in 2007, as a 

pilot observing system known as the Hawai‘i Ocean Observing System (HiOOS) by leveraging 

existing capacity at UH with partner assets and funding. The development of observational, 

modeling, data management, and outreach capabilities within a limited geographic area 

generated the foundation from which PacIOOS continues to grow and serve stakeholders. 

PacIOOS has evolved into a fully-functional RCOOS: an end-to-end network comprised of five 

subsystems (governance and management; observing; data management and cyberinfrastructure; 

modeling and analysis; and engagement) that link user needs to information on coastal marine 

and estuarine environments throughout the U.S. Pacific Islands and beyond. Each subsystem is 

essential to inform or operate at the regional level. Indeed, while many users rely on direct data 

feeds, even more rely on products, such as forecasts, that combine various data sets and/or make 

the data easy to access and use for decision-making.   

 Since 2007, PacIOOS has expanded well beyond the initial pilot. Assets are now 

deployed across the region, and modeling capacity has increased by an order of magnitude 

(Appendix A), with international, federal, and non-federal partners relying upon output for 

operational decision-making. Our engagement subsystem has built long-lasting, reciprocal 

relationships throughout the region. PacIOOS data management infrastructure is modern, mature, 

fully compliant with all IOOS requirements and serves two to nine million data requests every 

month2. Since 2010, a Governing Council diverse by geography and sector has provided strategic 

 
2 Calculated from AWStats records of data transfer from core PacIOOS data transport services: Thematic Realtime 

Environmental Distributed Data Services (THREDDS) Data Server (TDS) and Environmental Research Division’s 

Data Access Program (ERDDAP). 
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oversight of PacIOOS. Since 2016, there has also been a concerted and successful effort to 

include indigenous representation on the Council.   

II.   Project Goals and Objectives 

PacIOOS’ mission is to empower ocean users and stakeholders throughout the Pacific Islands by 

providing accurate and reliable coastal and ocean information, tools, and services that are easy to 

access and use. The PacIOOS Strategic Framework (2018-2022) is our guide to achieving our 

strategic outlook to continue to grow as a trusted and crucial information system and provider of 

coastal and ocean data and information. This also guides our proposed effort. The Framework 

delineates two Strategic Topics, including strategic goals and objectives:  
 

Strategic Topic: Engagement 

Goal 1. Cultivate relationships to ensure a strong, diverse, and engaged partner and user base 

that provide input on needs and feedback on effectiveness.   

Objective 1.A.  Evaluate and optimize partner and stakeholder engagement.  

Goal 2. Diversify and expand funding and leveraged resources to create a resilient and robust 

financial foundation. 

Objective 2.A. Develop and implement a strategy for increasing funding and resources to  

sustain efforts and balance ocean observing coverage across the region. 
 

Strategic Topic: Observations, Models and Information Services 

Goal 3. Operate an effective and efficient ocean observing system to address stakeholder needs 

and to optimize product consumption. 

Objective 3.A. Maximize the effectiveness of PacIOOS products and services. 

Objective 3.B. Continue to be a leader in providing coastal and ocean information and 

services across the region. 

Objective 3.C.  Increase the availability and impact of PacIOOS products and services  

among users. 

Goal 4. Increase observation and model coverage to fill gaps and achieve a more balanced 

system across the region. 

Objective 4.A. Foster capabilities to conduct ocean observing and utilize the information. 
 

We aim to sustain, improve, expand, and enhance the subsystems that comprise PacIOOS 

with continued focus on efforts that inform operational, commercial, policy, conservation, 

management, and recreational decision-making related to our thematic areas of marine 

operations, coastal hazards, water quality, and ecosystems and living marine resources. In 

addition, we will continue to engage users, stakeholders, and system partners in technical 

capacity, data visualization, and ocean information. Specific objectives towards the strategic and 

project goals are detailed in the work plan, milestone schedule, and detailed budget narrative. 

III.   Connection to Users/Stakeholders and Benefits 

A wide-range of user groups continue to actively define and refine PacIOOS. Ongoing 

engagement is both geographically and programmatically wide-reaching, including federal, state 

and local/regional governments, ocean recreation and commerce (fisheries, transportation, 

offshore energy) sectors, hotel and tourism industry, NGOs, media, community and Indigenous 

groups, and visitors. Despite the inherent diversity among these groups and their interests, 

commonalities surface in requests for ocean-related data products. Stakeholders ask for focused, 

innovative, timely, and accurate products upon which to base their decision-making. 
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Stakeholder Engagement: PacIOOS priorities are built upon inclusive, iterative, and 

bottom-up stakeholder input, paired with scientific inquiry and integrity. Input is gathered 

through community and in-person meetings, workshops, training sessions, focus groups, online 

surveys, review of assessments and plans compiled by partner organizations, and, more recently, 

virtual meetings. Consistent engagement with stakeholders ensures a continuous feedback loop 

with PacIOOS staff and researchers, regional partners, and the IOOS Office.  

Stakeholder-driven Proposal Development: Proposal objectives represent a collection of 

expressed needs from across our region which are carefully matched with the capabilities of 

regional researchers, PacIOOS staff, and partner and stakeholder resources to create a 

collaborative, cost-effective, efficient, and operational ocean observing system. Throughout the 

spring and summer of 2020, PacIOOS staff reached out individually to more than 500 partners 

across the Pacific Islands region, and solicited feedback through newsletters and listservs to 

collect input on coastal and ocean observing needs, priorities, and potential collaborations. In 

total, we received 370 comments that were methodically sorted for consideration. While 

PacIOOS cannot address all requests, the information provided is also used to update the 

program’s 10-Year Outlook (previously referred to as a 10-Year Build-Out Plan) to envision the 

upcoming 5-10 years.  

Benefits - Marine Operations. Lives have been, and continue to be, saved by the data 

PacIOOS provides (e.g., PacIOOS, 2016), and the safe operation of commercial, recreational, 

and defense vessels in the region is ensured by the provision of timely and accurate wave, 

current, and wind data. Island communities, industry, and transportation officials point to 

maritime commerce as providing a critical lifeline for food, goods, and transportation. The ocean 

is the regional inter- and intra-state highway and railway system. Harbormasters, recreational and 

commercial boat owners, and government maritime agencies rely on accurate measurements and 

predictions of the state of the coastal and open ocean and of seiche amplitude in harbors during 

wind, high swell, storm surge, and tsunami events. The PacIOOS website serves model and 

observational data on ocean conditions around the Pacific Islands region.  

The U.S. Coast Guard, territorial emergency responders, and maritime rescue agencies in 

Hawaiʻi, the territories, and U.S.-affiliated nations of the Pacific require real-time, accurate, and 

highly resolved information on coastal currents, waves, and offshore conditions for effective 

search-and-rescue operations. To support marine operations, PacIOOS has developed operational 

data-assimilating models, operates seven high-frequency radars (HFR) and 15 wave buoys3, and 

is rebuilding capacity to run profiling ocean glider missions. We propose to sustain and expand 

this effort to meet ever-growing user demand for real-time ocean information and forecasts 

across the region. This effort will include the testing and evaluation of emerging (and often lower 

cost) technologies to ensure maximum benefit and cost-effectiveness for our stakeholders.  

Benefits - Coastal Hazards. Many communities in the Pacific Islands (e.g., West Maui, 

Majuro, East Babeldaob in Palau) already experience impacts of coastal hazards to property and 

public infrastructure from high sea level events, wave run-up, and tropical storms. Wave- plus 

tide-driven flooding events are occurring more frequently along many Pacific Island shorelines 

(e.g., Hoeke et al., 2013), and their impacts on coastal erosion, freshwater aquifers, infrastructure 

and populations are already significant (e.g., Nicholls and Cazenave, 2010; Storlazzi et. al., 

2015). These events will grow more acute as frequency and duration increase due to rising sea 

levels and increasing wave energy (e.g., Emanuel, 2005). We propose to sustain existing and 

 
3 With more HFR stations and wave buoys to be deployed in 2021, with existing funding. 
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develop new wave run-up and water level forecasting systems to support short-term planning and 

response of emergency responders, coastal land owners and community members, state and 

territory shoreline managers, and departments of transportation and highways. 

Benefits - Water Quality. National and local marine protected area managers, regulatory 

agencies, and environmental non-profit organizations identify sewage spills, sediment plumes, 

reef dredging, upland deforestation, industrial pollution, rising ocean temperatures, and ocean 

acidification as major threats to coastal ecosystems. Managers want to better understand both 

local and global impacts on coastal water quality. PacIOOS measures and serves water quality 

information throughout the region and proposes to sustain and enhance that capability in concert 

with the deployment of new sensor platforms through focused partnerships with local community 

groups. Enhanced spatial coverage of water quality sensors, coupled with a pilot project on edge 

computing will enable real-time decision-making and management on a spatial scale relevant to 

projects such as in situ aquaculture farms. In addition to supporting a key ocean acidification 

monitoring asset in American Samoa, emerging technology will help coastal managers to better 

understand and respond to local impacts of a changing climate.    

 Benefits - Ecosystems and Living Marine Resources. The management of commercial 

fisheries and the design of ecosystem conservation strategies both benefit from real-time 

empirical data that can also inform ecosystem and physical models. PacIOOS aims to improve 

the integration of biological, chemical, geological, and physical information and to advance the 

delivery of biological and oceanographic data sets into new bio-physical numerical models, 

visualizations, and decision-making tools. These tools can be utilized by fishery scientists to 

provide conservation advice to resource managers, public officials, and policy makers interested 

in coral reef health, inshore fisheries, and the habitat selection and movement patterns of pelagic 

species. We propose to expand this effort by partnering with volunteer tagging programs and 

interested partners across the region to build capacity to collect these data and to expand 

PacIOOS modeling capacity to forecast important ecosystem parameters.  

 Benefits - Data Management. We have developed stakeholder-driven data products, 

including an advanced data portal with catalog, storage, and advanced data access features. 

PacIOOS backend systems fulfill a monthly average of 5.07 million data requests from more 

than 29,000 unique visitors, totaling more than 2.66TB of data transfers4. Maritime operators, 

planners, resource managers, policy makers, scientists, and the informed public turn to PacIOOS 

data, tools, and services for integrated marine and coastal information that is easy to access and 

use in order to inform their decisions. Various federal, state, local agencies, and citizen science 

data collectors continue to ask us to help make their information more accessible by integrating it 

into the PacIOOS data management system. We propose to continue developing new user-

friendly tools and services and populating our data holdings with historical, real-time, forecast, 

and spatial data, from both internal and external sources, to improve integrated decision-making 

for industry, resource managers, policy makers, and the public. 

 

IV.   Work Plan 

Work proposed for advancing PacIOOS from 2021-2026 is presented by subsystem and thematic 

area, as articulated in the PacIOOS 5-year Strategic Framework. Figure 2 (Appendix A) lists the 

IOOS Core Variables addressed through this proposal. A timeline of key outcomes is provided in 

the milestones schedule (Appendix D). Activities for sustaining and advancing the system are 

 
4 Calculated from AWStats records of data transfer from core PacIOOS data transport services: THREDDS and 

ERDDAP. 
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distributed into two budget scenarios, labeled Tier 1 and Tier 2: Tier 1 includes priority activities 

to be funded with a $3M/year budget; Tier 2 activities are covered under a $6M/year budget 

scenario. Cost details are presented in Appendices E through H, and resumes highlighting the 

expertise implementing this work plan are provided in Appendix I.  

A. Governance and Management Subsystem 

The objective of this subsystem is to efficiently operate PacIOOS and successfully implement 

our projects and activities. To help ensure that direct project goals and objectives are achieved, 

the Governing Council (Council) provides strategic and policy guidance to PacIOOS leadership. 

Core vision and mission of the program are achieved by adhering to our guiding principles 

(PacIOOS, 2018): 

➢ Culturally-rooted—honoring cultural diversity within our region and valuing how this 

translates into place-based, local needs;  

➢ Stakeholder-driven—responding to the needs expressed by stakeholders;  

➢ Collaborative—building strong and lasting partnerships to maximize synergy;  

➢ Science-based—relying on rigorous, systematic, and objective procedures to foster 

innovation and discovery while remaining policy neutral; and  

➢ Accessible—striving to keep it simple, making data and information easy to find and 

understand so it may be used to inform decision-making. 
 

Stakeholder groups and organizations become partners with PacIOOS by signing a 

Memorandum of Agreement (MOA). The MOA signatories nominate and elect the Council 

members. MOA signatories populate electing cohorts (i.e., regional partners, Hawaiʻi-specific 

partners, Palau-specific partners, etc.), each of which vote to determine their representative(s). 

Council members provide general oversight and policy guidance, adopt implementing documents 

and strategic plans, review region-wide needs from stakeholders, and advise on major decisions. 

The Council works with PacIOOS staff, through annual meetings, individual discussions, and a 

five-member Executive Committee (plus one alternate).  

PacIOOS executes annual work plans to meet the long-term goals and objectives 

articulated in the 5-year Strategic Framework (PacIOOS, 2018). The Framework, adopted by the 

Council, ensures that PacIOOS is focused on relevant, appropriate, and timely activities while 

within the context of the goals and objectives of national efforts, such as those detailed in the 

U.S. IOOS Enterprise Strategic Plan (2018-2022), and in alignment with funding sources. 

Updated every five years, the Framework was developed during a two-year engagement effort 

with the Council, partners, collaborators, staff, researchers, and the broader community. Over the 

course of the five-year planning cycle, long-range strategic objectives are defined, refined, and 

adopted within the context of funding guidance to ensure maximum efficiency and value for the 

region. In addition, the PacIOOS regional coordinator (based in Pohnpei, FSM) and regional 

liaisons (described in more detail under the Engagement Subsystem) assist with solicitation of 

local needs, dissemination, and evaluation of ocean information and products.  

The Council collaborated with PacIOOS staff in 2012, to develop and implement a 

detailed internal evaluation process for all products and services (Ostrander et. al., 2019) and a 

set of eight high-level diagnostic performance measures mapped to PacIOOS strategic goals. The 

internal evaluation process provides information to assess the effectiveness, efficiency, and 

impact of each component within the system, which in turn informs a broader decision-making 

process that determines whether additional investment, sustainment, or retirement of individual 
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observing assets, services, or components is appropriate. The performance measures allow 

PacIOOS leadership, the Council, partners, and the IOOS Office to quickly assess the data 

system uptime/reliability, observing asset and model performance, growth of engaged users and 

partners, efforts to leverage and diversify funding, and the overall impact of investments. 

Tier 1 funds will sustain the existing governance framework, including Council meetings, 

PacIOOS leadership salaries (i.e., full-time director, full-time communications and program 

coordinator, full-time operations coordinator, and part-time regional coordinator), and a 

continued focus on partnerships and collaborations to promote and enhance ocean observing in 

the region. Principal Investigator, Melissa Iwamoto, has also served as PacIOOS director since 

2016. In order for PacIOOS to grow, Tier 2 funding will support a part-time regional projects 

specialist to help diversify PacIOOS funding, with the aim for this position to be self-sustaining 

and completely funded by non-IOOS funds by the end of this proposed project. Tier 1 funding 

will also support a collaborative regional assessment on workforce development in Years 1 and 2 

of the project. PacIOOS will work with the other RAs and the IOOS Office on a workforce 

development initiative to expand and diversify the ocean, coastal and Great Lakes workforces 

and to improve our ability to provide relevant ocean and coastal data and information to 

underserved or underrepresented communities. Together, our efforts will be more impactful and 

will build synergy from regional efforts. Where possible, common solutions and best practices 

will be identified, but solutions will be flexible and adaptable to unique regional needs and 

circumstances. Tier 2 funding will help PacIOOS implement the resulting recommendations 

from the first stages of the workforce development initiative, such as support for existing or new 

student internship programs. Tier 2 funding will also support PacIOOS partners exploring 

opportunities and barriers for making PacIOOS data relevant to Indigenous communities.  

PacIOOS will continue to collaborate within inter-regional, national, and international 

efforts (e.g., IOOS Office, IOOS Association, The Pacific Community (SPC), Pacific Islands 

Global Ocean Observing System (PI-GOOS)) and other regional ocean partners. The synergy 

realized from effective collaborations is an ongoing focus. Participation in various local and 

regional efforts enables PacIOOS to better understand stakeholder needs, reduce duplication of 

effort, chronicle existing capacity, and ensure collaborative development of observing platforms 

and public information products.  

In addition, it is important to respond to feedback and to keep stakeholders informed of 

our plans as well as our activities and achievements. A database helped track the input received 

for this proposal, identify partners for follow-up, and ensure stakeholder needs are sufficiently 

addressed. While resources are not available to address all stakeholder needs, the PacIOOS 10-

year Outlook (in development) will document them for future efforts.  

B. Observing Subsystem  

The objectives of our Observing Subsystem are to sustain current operations that are meeting 

stakeholder needs; to maximize effectiveness of PacIOOS products and services; to foster 

capabilities; and to fill gaps to achieve a more balanced system across the region (Figure 3).  

1. Marine Operations 

We aim to provide ocean observations that improve decision-making, response, and planning for 

maritime commerce, search-and-rescue operations, and harbor operations. Essential to the 

efficiency, safety, and timeliness of transit in the marine environment is reliable information on 

the state of the ocean and timely and accurate forecasts of future conditions. Stakeholders have 

identified ocean-state information as their highest priority; therefore, it is the principal thematic 
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focus of our proposed work. PacIOOS currently operates an observational network of HFR, 

directional Waverider buoys5, and weather stations in order to serve user needs. Funds requested 

will maintain existing regional capacity for ocean-state observations and forecasts and expand 

select PacIOOS capabilities to additional priority locations, especially in the Insular Pacific. 

Surface Currents Observations. PacIOOS currently operates seven HFR systems at 

priority locations defined within the National Surface Current Mapping Plan (IOOS, 2015), five 

along the southern and western shores of Oʻahu, and two in Hilo Bay, Hawaiʻi. In addition, two 

new stations are being deployed in the Mariana Islands, on the northern point of Guam and the 

southern point of Tinian, CNMI. These instruments provide real-time estimates of near-shore 

surface currents over a spatial area extending more than 100 km from shore, addressing a 

widespread stakeholder need. The HFR data are sent to the national HFR Data Assembly Center 

(DAC) for quality control and data archive. They are then made available on the PacIOOS 

website and assimilated into PacIOOS numerical models. They are also ingested by the U.S. 

Coast Guard and the City and County of Honolulu to support search-and-rescue operations, and 

by NOAA Office of Response and Restoration for oil spill response.  

 Tier 1 funding will maintain the existing HFR systems and those soon to be online in the 

Mariana Islands. Additional funding (Tier 2) will enable PacIOOS to recapitalize aging (many 

over 15 years old) instruments with upgraded, improved systems that cost less and have 

enhanced geographic coverage. The need for additional surface currents information in the 

region for search-and-rescue operations was highlighted during stakeholder consultations for this 

proposal. Important gaps in Hawaiʻi include the area between Oʻahu and Molokaʻi as well as the 

Kona coast of Hawaiʻi Island, across the channel to Maui. In the Insular Pacific, American 

Samoa, Saipan, and the FSM have many locations that would benefit from these types of 

systems. Tier 2 funding would support the purchase and deployment of new HFR systems in 

these locations. 

Waves Observations. Wave information is an essential aspect of marine operations and 

the most widespread and frequently accessed and requested data stream across our region. 

Collaborating with the Coastal Data Information Program (CDIP), the U.S. Army Corps of 

Engineers, and many federal and local partners, PacIOOS has deployed a fleet of 15 Datawell 

directional Waverider buoys in the waters surrounding Hawaiʻi, Guam, CNMI, American 

Samoa, and RMI. This buoy array is a core component of PacIOOS’ operations and provides 

essential observations for NOAA National Weather Service (NWS) forecasts and advisories as 

well as PacIOOS’ regional wave models, coastal inundation, harbor condition, and nearshore 

safety products. These buoys support priorities detailed within both the National Operational 

Wave Observation Plan (NOAA NDBC, 2009) and the PacIOOS Strategic Framework (2018), 

and provide critical real-time wave information for recreational and commercial mariners in 

coastal waters. During fiscal year 2020, with funding from IOOS, the United Nations 

Development Programme, and the U.S. State Department, we are deploying additional buoys in 

American Samoa, Palau, RMI, and the FSM. At the request of partners to collect additional 

observations at the wave buoy locations, PacIOOS is now purchasing, when feasible, the next 

generation Datawell buoy, which incorporates an acoustic Doppler current profiler to measure 

currents approximately one meter below the surface. A PacIOOS wave buoy located outside the 

Pearl Harbor Channel entrance is so equipped. The current information provides guidance for 

large ships coming into Pearl Harbor, as well as nearby Honolulu Harbor (Heberle, 2020).   

 
5 Datawell Waverider buoys: https://www.datawell.nl/  

https://www.datawell.nl/
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Tier 1 funding will support annual operational maintenance of all wave buoys in the 

region, including the newly purchased buoys for the Insular Pacific. Tier 2 funds will help us 

purchase additional wave buoys to continue filling data gaps (including West Maui, Kona Coast 

of Hawaiʻi Island, CNMI) identified by local governments, industry, and NWS. Finally, while 

the Datawell buoys are extremely reliable and trusted systems, their size and expense present 

challenges for sufficient geographic coverage. PacIOOS plans to collaborate with regional 

partners to test and learn more about the Sofarocean6 smart moorings and buoys. These efforts 

will help us to better understand the costs and benefits of using smaller buoys that measure 

waves through Global Positioning System (GPS) signals versus larger buoys that use an internal 

accelerometer. Deployment in close proximity to existing Datawell buoys will allow our team of 

experts to validate the data and examine its utility in various wind and wave environments. In 

addition, PacIOOS is partnering with the Global Drifter Program to deploy and evaluate their 

GPS wave buoys to examine the long-term potential for these systems to address stakeholder 

needs in the remote Pacific Islands. Sustained (Tier 1) funding supports this effort.  

Weather Observations. In early 2019, PacIOOS embarked upon a new public-private 

partnership with the Hawaiʻi Pilots Association (HPA), the State of Hawaiʻi Department of 

Transportation Harbors Division, and the Hawaiʻi Stevedores to deploy a new weather station at 

the entrance to Pier 1 in Honolulu Harbor. The station addresses the pilots’ need for real-time 

wind data at the location to inform their operations of new cruise ships that are up to double in 

size of previously piloted ships into the narrow harbor. Tier 1 funding sustains this station and 

the staff time necessary to expand this public-private partnership with HPA for additional sites in 

Hawaiʻi, and a new partnership in Palau, also to support harbor operations. Marine radar will be 

deployed at key locations with Tier 2 funds. These radars are more expensive and technical in 

nature, but the benefit-cost ratio is high for harbor entrances that require wave data as well as 

wind data. This effort will leverage a current Department of Energy (DOE)-funded project 

testing this emerging technology derived from ship-based systems. 

Subsurface Observations. Harbor Pilots report hazardous cross-currents in the Kalaeloa 

Barber’s Point Harbor (Oʻahu) entrance channel and request real-time data and information to 

inform their operations. This information is becoming more necessary as ship sizes continue to 

increase, especially as Barbers Point Harbor is the second-most frequented harbor in the state 

and serves as a back-up to Honolulu Harbor. With Tier 2 funding, we will investigate subsurface 

currents with horizontal profiling current meters at depths that could impact the handling of these 

large ships. The provision of subsurface data for assimilation into our ocean circulation model is 

also an essential element of PacIOOS modeling capacity. While existing moored and remote 

measurements of ocean circulation provide essential information, ocean gliders are currently the 

most efficient means of generating needed assimilative data. An annual 3-month SeaGlider 

mission within the Oʻahu ocean circulation grid is proposed under Tier 1 funding. Tier 2 funding 

will support the purchase of new gliders in Years 1 and 2 and additional missions each year to 

increase the model skill of forecasts. 

2. Coastal Hazards 

We aim to support local efforts to better understand and respond to changes along our coasts. 

With rising sea levels, real-time shoreline monitoring and water level data are becoming 

increasingly important and requested throughout the region. Since observing efforts that fit 

within our Coastal Hazards thematic area are relatively well-covered by partners (e.g., NOAA 

 
6 Sofarocean smart moorings: https://www.sofarocean.com/products/smart-mooring.  

https://www.sofarocean.com/products/smart-mooring
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CO-OPs, UH Sea Level Center, Surfline), PacIOOS efforts focus on filling specific gaps that can 

meet modeling as well as in situ needs. To this end, Tier 1 funding will support an ongoing 

public-private partnership supporting a Waikīkī beach camera to inform inundation model 

validation, real-time monitoring of state beach nourishment activities, and shoreline erosion 

monitoring. Tier 2 funding will support low-cost water level stations in areas where PacIOOS 

has existing wave run-up forecasts and plans to develop new forecasts (further detailed in 

Modeling Subsystem).  

 

3. Water Quality 

The observing objective of the water quality thematic area is to collect and provide access to 

coastal ocean and estuarine water quality information for resource managers, NGOs, and state 

and county health officials so that they can effectively respond to and protect ecosystem, 

wildlife, and human health. Coastal water quality is an important issue throughout the region, 

with interest lying in both the short-term, often land-based, projects impacting the coastal zone 

(e.g., turbidity and sedimentation impacts from coral dredging in RMI and Yap, FSM, 

sedimentation and nutrient pollution from upland practices in Pohnpei, FSM) and the long-term 

impacts of increasing water temperatures leading to coral bleaching and shifting ecosystems 

from ocean acidification. An observational network of nearshore sensors and coastal moorings 

has been deployed, with different models of operations, based on stakeholder need, capacity, and 

local infrastructure resources. We propose to sustain efforts and help fill gaps across the region, 

both in terms of instrumentation and capacity.  

Automated Water Quality Sensors. PacIOOS currently operates an array of nine long-

term nearshore sensor packages in Hawai‘i, RMI, FSM, Guam, and American Samoa. To address 

short-term project needs, three additional sensors are made available through the PacIOOS Water 

Quality Sensor Partnership Program (WQSPP). The WQSPP is a successful program developed 

following the recommendations of the PacIOOS Executive Committee. We train partner 

organizations to deploy one of the nearshore sensor packages to collect data for shorter-term 

projects (typically 6 to 24 months) to address data needs for a particular project. Scientists, 

resource managers, and interested NGOs have participated in past projects. Currently, a non-

profit in Palau and another in Maui are participating in this program. Lastly, PacIOOS operates 

three identical sensor packages in partnership with the State of Hawaiʻi Department of Health, 

Clean Water Branch with an annual rotation to priority sites around the state. The nearshore 

sensor packages all measure temperature, conductivity (salinity), and pressure (water depth). 

Most also measure fluorescence (chlorophyll-a) and light attenuation (turbidity). In addition to 

measuring key parameters, these sensors are fundamental to our extension efforts to build public 

awareness and technical capacity in the region. Working with our local liaisons and partners, our 

sensors have been used to increase capacity with community college students in the Insular 

Pacific, and with students and interns at UH Mānoa. The sensors also provide hands-on 

opportunities to train non-profit organizations on how to design studies to answer their resource 

management questions and to maintain and operate the monitoring equipment. 

Tier 1 funding will enable PacIOOS to sustain the existing network, continue the 

successful WQSPP, continue to conduct education and outreach, and support capacity building 

across the region. With Tier 2 funding, the plan is to: 1) recapitalize aging instruments to sustain 

long-term monitoring; 2) improve/add telemetry where feasible; 3) expand the WQSPP and long-

term sites with additional sensors; 4) enhance stakeholder access to expert advice on project 

design for coastal managers; 5) improve the utility of the data by non-scientific audiences 
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through new data products and services tailored to stakeholder needs; 6) refurbish an existing 

nitrate sensor and purchase a Turner C3 fluorometer equipped with multiple sensors (including 

optical brightener sensors) to add to the long-term monitoring site at the Ala Wai Canal in 

Waikīkī, Oʻahu as a pilot project; and 7) add low-cost sensors to the WQSPP to further support 

project-based needs, engage stakeholders, and build their capacity. The pilot project in the Ala 

Wai Canal builds upon recent research that successfully used optical fluorescence to detect 

inputs of wastewater using a Turner C3 fluorometer measuring peak T fluorescence, humic-like 

or colored dissolved organic matter (CDOM) fluorescence, and chlorophyll-a fluorescence 

(Mendoza et al., 2020). The aim is to test and ground truth the nitrate sensor and the Turner C3 

fluorometer for the nearshore waters of the region, with the ultimate goal of adding autonomous, 

real-time monitoring of nutrient and wastewater pollution to our nearshore network. The 

additional low-cost sensors added to the WQSPP will enable resource managers to better plan for 

long-term temperature changes and adapt management to mitigate the impacts of low-frequency 

environmental phenomena like El Niño-Southern Oscillation and the Pacific Decadal Oscillation. 

This increases access to ocean science, as participants can be new to ocean observing or have 

existing projects that would benefit from additional support. Local place-based community 

stewardship and aquaculture projects will benefit from improved understanding of localized, 

coastal environments. The information will also help them to evaluate the efficacy of their efforts 

and make informed management decisions.  

 Water Quality Moorings. Supported by PacIOOS, UH at Hilo currently operates two 

real-time ecosystem moorings in Hilo Bay and Pelekane Bay on Hawai‘i Island. Both bays are 

listed by the U.S. Environmental Protection Agency (EPA) as 303(d) impacted waterways, 

primarily impacted by runoff. These moorings measure core biogeochemical properties 

necessary for robust ecosystem monitoring (Bailey et al., 2019) in addition to parameters 

relevant to human and ecosystem health (dissolved oxygen, turbidity, and chlorophyll-a), which 

have standards monitored by the Hawaiʻi Department of Health (HAR, 2014). These systems 

sample at a high temporal frequency for extended periods of time, enabling real-time 

measurement of a magnitude, frequency, and duration suitable for impacted waterways (e.g., 

Ohman et al., 2013).  

Hilo Harbor is the major center for commercial and recreational maritime activities for 

Hawaiʻi Island and is the eastern-most point of PacIOOS’ geographical boundaries. Improving 

the water quality of this tropical estuary is of key interest to bay users and a priority for the 

County of Hawaiʻi as a way to revitalize the economy of Hilo. Pelekane Bay is a state coral reef 

priority site, within several NOAA priority areas, and just offshore from a culturally important 

Native Hawaiian National Historic Site. During 2015, more than 80% of the coral in this bay 

experienced severe bleaching (Kramer et al., 2016). This site also has an active stakeholder 

group working to improve local ecosystems.  

  Tier 1 funds will support annual operation and maintenance of the water quality coastal 

moorings. In addition, this funding will support the deployment of a third mooring in Kailua 

Bay, a recreational and maritime center and a potential hotspot for non-point source sewage 

because of the high density of cesspools in the surrounding watershed (Whittier & El-Kadi, 

2014). Recent algal blooms have raised interest in water quality data to support action to reduce 

land-based sources of pollution. Tier 1 will also fund undergraduate students, thereby supporting 

capacity building for ocean operations. Tier 2 funding will support additional undergraduate 

student opportunities; another sonde to use as back-up to minimize downtime; and funds to 

refurbish an existing profiling mooring to be used in a pilot project to evaluate the potential for 
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collecting data throughout the water column in nearshore environments to meet resource 

manager needs.  

Ocean Acidification. We leverage PacIOOS expertise to support the operation and 

maintenance of one MApCO2 and water quality mooring in Fagatele Bay within the National 

Marine Sanctuary of American Samoa, in cooperation with NOAA’s Atlantic Oceanographic and 

Meteorological Laboratory (AOML). Funding and support for this project is provided by 

NOAA’s Ocean Acidification Program, the NOAA Pacific Marine Environmental Lab, and 

numerous local partners. Addressing criteria outlined in the Strategic Plan for Federal Research 

and Monitoring of Ocean Acidification (IWGOA, 2014), the Fagatele Bay mooring was 

established in mid-2019 primarily to monitor ocean acidification within a tropical coral reef 

ecosystem in the Southern Hemisphere, complementing a national array of moored carbon 

dioxide monitoring buoys across the U.S. Pacific, Atlantic, and Caribbean. In addition to the 

variables measured by the nearshore sensor packages, this buoy measures barometric pressure, 

relative humidity, dissolved oxygen and CO2 in both the atmosphere and ocean surface water, 

and water pH. Tier 1 funding supports the PacIOOS staff that support this work. 

The State of Hawai‘i is developing an ocean acidification monitoring framework to 

support management of vital coral reef ecosystems. With Tier 2 funding, we propose to purchase 

and deploy pH and Total Alkalinity (AT) sensors (Briggs et al. 2017, 2020). The new solid-state 

pH-AT sensor will provide high frequency, long-term data on scales previously not possible, 

supporting decision-making for coral reef management and protection, even in very remote 

locations. These pH-AT sensors are currently being refined and advanced up the Technology 

Readiness Level ladder (currently TRL 5 or 6) with funding from the National Science 

Foundation. By Year 3 of this proposal, we anticipate the sensors being at a TRL sufficient for 

broader use within Hawaiʻi to help address some of the state’s priorities, potentially on existing 

mooring/platforms. If successful, the plan is to purchase additional sensors for deployment and 

training with resource managers in the Insular Pacific, particularly CNMI and American Samoa. 

Importantly, AT is the carbon parameter that most directly relates to changes in coral reef 

calcification and dissolution, and successful demonstration of the sensor on moorings will also 

lay the groundwork for other deployment strategies such as mobile platforms and non-experts.  

4. Ecosystems and Living Marine Resources 

We aim to collect and disseminate ocean observations that improve decision-making with regard 

to the health of ecosystems and living marine resources, thereby benefiting the economies, 

livelihoods, and cultures across the region that depend on them. 

  Animal Borne Sensors and Telemetry. Through the Animal Tracking Network (ATN), 

animal telemetry has become a specific focus for IOOS, and PacIOOS has been a pioneer in this 

field. Over the past five years, with IOOS Ocean Technology Transfer (OTT) support and in 

collaboration with industry partners, PacIOOS has successfully developed the capacity of animal 

borne-sensors to provide near real-time profiles of ocean temperature. Animal-borne sensors can 

effectively collect oceanographic data and, in some circumstances, may be able to provide wider 

coverage and more pertinent, detailed, and cost-effective information than other oceanographic 

platforms (e.g., gliders). Globally, animal-borne measurements of temperature and depth (and 

other parameters) are becoming increasingly important for oceanographic and meteorological 

models (Harcourt et al., 2019). Environmental data are collected simultaneously with 

information on habitat use and behavior of the tagged animals, making animal-borne sensors a 

truly innovative and cost-effective tool. Notably, through the ATN, IOOS has recently developed 



 12 

mechanisms for quality control and distribution of these data to a range of end users via the 

World Meteorological Organization (WMO) Global Telecommunications System (GTS). 

  We intend to continue to lead in this field in order to support stakeholder data needs. Tier 

1 funding will support ongoing activities to generate data for informing and “ground truthing” 

models of current fisheries habitat use and predictive models of how this may change in the 

future. This information is central to the concept of ecosystem-based fisheries management and 

has specific endorsement from NOAA’s Pacific Islands Fisheries Science Center. Because data 

are available in near real-time, these same ocean profiles can significantly increase the amount of 

data available to inform ocean circulation models and meteorological (e.g., hurricane) 

forecasting. New salinity and oxygen monitoring tags will also be tested as they become 

available from industry partners. Tier 1 and Tier 2 funding will support project expansion in 

terms of geographic coverage and tracking additional species of sharks that utilize different areas 

of the ocean. Our animal telemetry activities will have the added benefit of involving non-

academic ocean users in the tagging process, such as small boat local fishers through the Hawaiʻi 

Community Tagging Program. Building animal telemetry infrastructure and capacity in the 

Pacific Islands region will empower local fishers and students through direct involvement in 

tagging projects, will enhance management capacity among local resource agencies and other 

stakeholders, and provide oceanographic information from currently under-sampled areas.  

The Insular Pacific is highly dependent on marine species for food security and socio- 

economic wellbeing. Policy makers and managers need improved knowledge of marine animal 

movement patterns to inform critical fisheries and conservation decisions. Tier 1 and 2 funding will 

provide training and support for regional stakeholders to design, install, operate and sustain 

permanent networks of marine animal tracking receivers that meet their specific information needs. 

Initial activities will include establishment of acoustic tracking arrays and training on tagging 

operations and data analysis, activities that align with the NOAA strategic goal of a National ATN for 

our Oceans, Coasts, and Great Lakes (Moustahfid et al., 2011). 

  Tier 1 funding will also support ongoing maintenance of IOOS OTT and ONR (Office of 

Naval Research) investments in eight land-based receivers (“Motes”) installed on Oʻahu, Maui, and 

in FY20, Hawaiʻi Island. Traditionally, data transmitted from satellite-linked tags are relayed via the 

Argos satellite system, but satellite coverage is limited at low latitudes. Motes significantly improve 

data throughput, with coverage ranging from very nearshore out to over 100 miles from the coastline 

(Jeanniard-du-Dot et al., 2017). Also, in a new collaboration between NOAA/IOOS ATN and 

PacIOOS, Mote data processing and dissemination will be further expanded and enhanced by 

establishing communication links at each receiver that transfer all data in real-time through an 

intermediate aggregation point to apply any necessary pre-processing/re-formatting, followed by real-

time ingest by the ATN DAC. 

C.   Modeling and Analysis Subsystem 

PacIOOS operates models that provide near-term forecasts for emergency response and planning. 

Models, and the derived ocean prediction systems, are an essential part of operational 

oceanography, or the routine and sustained provision of oceanographic information needed for 

decision-making purposes. Numerical models provide the capability to simulate past (hindcast), 

present (nowcast), and future ocean conditions (forecast). We have built an integrated system in 

which these simulations are combined with sustained in situ and remotely-sensed observations to 

derive synthesized products that combine the strengths of both information sources. We aim to 

sustain our modeling capabilities and, where possible, expand to fill model gaps to achieve more 

balanced regional coverage (Appendix A, Figure 3). 



 13 

1. Marine Operations 

At present, three modeling systems (atmospheric, phase-averaging waves, and ocean circulation) 

produce a high-resolution package for ocean-state prediction in the Hawaiian Islands, the 

Mariana Islands (Guam and CNMI), and the Samoa Archipelago. These model systems meet 

clearly-defined user needs, complement and support existing federal modeling systems, and 

adhere to strategic guidelines for model development and product capability detailed by the 

IOOS Modeling Task Team (Wilkin et al., 2017). Sustaining and growing PacIOOS modeling 

capacity will support both existing and proposed federal capacity, including the potential for 

future IOOS Coastal and Ocean Modeling Testbed (COMT) work in the region. 

  Atmospheric Forecasts. PacIOOS runs an atmospheric Weather Research and 

Forecasting (WRF) model with data assimilation to generate 72-hour and 7.5-day daily high-

resolution forecasts for each archipelagic domain, as well as higher resolution runs for each 

major island complex. The 72-hour forecasts are provided directly to the local NWS forecast 

office, with the Hawaiʻi models directly consumed by the national Advanced Weather Interactive 

Processing System (AWIPS). The NWS plans to integrate the Mariana Islands and Samoa 

models into AWIPS in Year 1 of this project. We will continue to collaborate with model 

developers at NOAA and UCAR to remain up-to-date with model developments and data 

assimilation schema. Among other uses, the 7.5-day forecasts provide boundary conditions for 

the PacIOOS wave and ocean circulation models.  

  Tier 1 funds will sustain our WRF forecasts and improve the model systems with updates 

to the lower boundary conditions and improvements to the data assimilation schema (Zhou and 

Chen, 2014; Tu et al., 2017), which will improve simulation of island-induced weather (Nguyen 

et al., 2010; Carlis et al., 2010; Hsiao et al., 2020). We also propose to adjust our current 12-km 

WRF domain for the Mariana Islands to include Palau, FSM, and RMI in Years 1-3. Tier 2 

funding will enable the development of a standalone, portable high-resolution tropical cyclone 

forecast system with initial conditions well-adjusted to the storm environment and terrain. This 

effort will advance the development of the model system that most quickly and accurately 

forecasted the sharp left turn of Hurricane Lane’s path as it passed through the Main Hawaiian 

Islands in 2018. 

Wave Forecasts. Using WaveWatch III and the Simulating Waves Nearshore (SWAN) 

models (Tolman, 2014; Booij et al., 1999), daily PacIOOS nowcast and forecasts of wave 

conditions are produced for the entire Pacific Basin, the Hawai‘i, Mariana, and Samoa 

archipelagos, and major islands in Hawaiʻi, CNMI, Guam, and American Samoa with 

rectangular grids of 500 to 275 m spatial resolution. To overcome the underestimation of global 

wind forcing in the nearshore region, we have incorporated the regional wind forcing 

downscaled from Global Forecast System (GFS) by WRF into our high-resolution wave 

forecasts for the region. The result better describes the wind waves and swells generated by local 

synoptic and mesoscale weather systems. In addition to directly serving users (e.g., maritime 

commerce, lifeguards, surfers), the wave forecasts feed into computations for the U.S. Navy 

Wave Energy Test sites (Li et al., 2020), PacIOOS’ high-resolution ocean circulation models 

around the Hawaiian Islands, wave run-up tools, and plume trajectory forecasts, thereby 

equipping communities and responders with essential information. Our wave forecasts and 

corresponding technical support complement the NOAA WaveWatch III forecast and NWS 

Nearshore Wave Prediction System to better serve island communities with accurate ocean 

information and data services.  
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In collaboration with the Pacific Northwest National Laboratory (PNNL), the PacIOOS 

wave modeling team implemented unstructured SWAN grids (Zijlema, 2010) in long-term wave 

hindcasting for Hawaiʻi, Guam, CNMI, and American Samoa. Similar to findings in COMT- and 

DOE-funded projects, this collaboration proved the utility of unstructured grids in nearshore 

wave modeling (Garcia Medina et al., 2019). Tier 1 funds will enable the transition of the 

research to our operational wave forecasts by developing unstructured SWAN island grids for 

Hawaiʻi, Guam, CNMI, and American Samoa with resolution increasing from 500 m at the 

offshore boundaries to 100 m at the shorelines. This will improve model accuracy in nearshore 

wave propagation and transformation, especially in the inner reef areas, allowing for better 

description of intricate shorelines, manmade and natural channels, and rugged reefs with fine 

resolution at little extra computing cost. Palau, FSM, and RMI currently only have access to the 

global wave forecast. Extending the nearshore wave forecast to these nations with Tier 1 funds 

will provide essential ocean information and address nearshore processes, a key topic area 

identified by the IOOS Modeling Task Team (Wilkin et al., 2017). The RMI effort will be a 

partnership with SPC to operationalize an unstructured SWAN model they are developing. 

  Ocean Circulation Forecasts. Estimates of general ocean circulation are produced using 

the Regional Ocean Modeling System (ROMS) in a nested configuration. Each day, nowcast and 

forecasts of the ocean-state are generated using, real-time, daily operational 4D-Var data 

assimilation (including HFR radial data, live swath data from satellites, Argo floats, and coastal 

sensors) to combine observations and models in a dynamically consistent way such that the 

results are more accurate than either component alone. PacIOOS ROMS models are coupled with 

PacIOOS WRF and SWAN models for nearshore processes for the three archipelagos, with 

output ranging from 8 km (Mariana Islands chain) to 40 m (South Shore of Oʻahu). The ocean 

circulation fields are used to generate a number of products for stakeholders, including 

circulation estimates and forecasts, particle (drifter, plume) trajectories (e.g., Ala Wai turbidity 

plume forecast), and probable paths of movement for search-and-rescue. As part of an IOOS 

OTT project, PacIOOS collaborated with partners to develop a comprehensive workflow to 

calculate how each observation improves (or worsens) the model’s estimate and subsequent 

ocean forecast (Powell, 2017). PacIOOS has been at the forefront of calculating these analysis 

impacts operationally and developing the methodology for utilizing radials directly from the 

HFR. Migrated back into the ROMS community, the codes are now in use by other regions.  

The daily simulations are used to create weekly forecasts and to nest into very fine 

coastal scales in Hawaiʻi and Guam. PacIOOS’ regional modeling currently meets a number of 

the IOOS strategic goals (see Wilkin, et al., 2017), including model coupling, data assimilation, 

nearshore process, modeling for observation design, and ensemble forecasts. Our regional 

models rely upon the daily output from the U.S. Navy operational model, HYCOM, for lateral 

boundary conditions. The Navy model currently runs at approximately 12 km spatial resolution, 

which is far too coarse for the fine structure and wakes that develop around the Pacific Islands. 

Thus, locally run, higher resolution models are needed. The PacIOOS models are run at 8 km (or 

lower) and are dynamically nested within the Navy model. Tier 1 funding will: 1) sustain all 

current operational ROMS model domains while moving from 4 km to a 2 km resolution forecast 

for the Main Hawaiian Islands in order to better resolve currents that impact search-and-rescue 

operations and ocean users; and 2) support the operationalization of an ONR-funded ROMS 

model for Palau. With Tier 2 funding, we will develop a new high-resolution ROMS model 

between the islands of Maui, Moloka‘i, and Lana‘i to support the environmental assessment for 

agricultural runoff and impacts of changes in National Marine Sanctuary waters. 
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Harbor Surge. The predictable maneuvering of large boats in a harbor, safe handling of 

cargo and passengers, and secure mooring of boats at dock all depend on the magnitudes of 

waves and currents within the harbor. To provide advanced notice of potentially dangerous and 

damaging conditions in the harbor, we developed a pilot surge forecast for Haleʻiwa Harbor on 

North Shore Oʻahu (Azouri, 2016). While this forecast does not provide information about how 

the hazards vary within the harbor, it has proven to be very helpful to the commercial and sport 

boat owners who utilize the harbor. Tier 1 funding will sustain the Haleʻiwa forecast. In 

consultation with the State of Hawai‘i, PacIOOS is creating, and will support the completion of, 

a detailed harbor surge forecast system for Kahului Harbor, Maui. Unlike the parameterized 

forecast for Haleʻiwa Harbor, the Kahului forecast will employ a hydrodynamical model of the 

harbor and environs in order to accurately simulate the suite of seiches and coastal modes, as 

well as open ocean gravity wave propagation, in the harbor. It will provide separate hazard 

forecasts for each pier in the harbor, as a function of distance along the piers. After the 

completion of the Kahului Harbor surge forecast, Tier 2 funding will be used to develop a similar 

forecast system for Hilo, Hawai‘i Island, to address stakeholder requests. 

2. Coastal Hazards 

PacIOOS users increasingly rely on our short-term coastal forecasts as they rely on short-term 

weather forecasts. Our objective for these forecasts is to enhance the preparedness and resilience 

of coastal communities. We have constructed and implemented a suite of three different types of 

forecasts, based on the specific coastlines (being either sheltered from or exposed to large 

amplitude surface gravity waves) as follows:  

a) nine six-day high sea level forecasts, six in the Hawaiian Islands, and one each in 

Palau, Guam, and American Samoa, based on real-time observations, combining highly accurate 

tidal forecasts with forecasts of longer-period sea level variability to alert users to what is often 

called “nuisance flooding” (Guiles et al., 2012);  

b) four empirical wave run-up forecasts (Waikīkī and the North Shore of O‘ahu, Majuro 

and Kwajalein Atolls in the RMI) that add parameterizations of gravity-wave driven impacts 

(setup, infragravity waves, swash) to the baseline nuisance flooding forecast for exposed coasts 

(Guiles et al., 2019); and 

c) twelve numerical model-based wave run-up forecasts for West Maui that are 

calculated as the sum of nuisance flooding forecasts plus high-spatial-resolution numerical 

modeling estimates of gravity-wave driven impacts (Guiles et al., 2019; Roeber et al., 2019). 

 The early PacIOOS wave run-up forecasts for Oʻahu, Hawaiʻi, and the RMI depend on 

inputs from a succession of NOAA global atmospheric (GFS; Environmental Modeling Center, 

2003) and surface wave (WaveWatch III; Tolman, 2014) models. The ultimate, near-island 

spectral gravity wave forecasts then feed into the PacIOOS-modified empirical formula for 

wave-driven run-up (i.e., modifications to Stockdon et al., 2006; Merrifield et al., 2014). The 

resultant wave run-ups are added to real-time extrapolations of observed tidal and longer-period 

sea level variability to yield the run-up forecasts, and are fully consonant with NOAA’s strategy 

to meld models and data into meaningful and useful information products.  

The new generation of PacIOOS wave run-up forecasts derives from two additional U.S. 

IOOS strategies (Wilkin et al., 2017) that urge: 1) coupling of models with appropriate 

hydrodynamic and/or biochemical complexity in their regions of application; and 2) 

implementations for understanding and predicting “wave transformations and overland wave and 

water propagation.” We are achieving these objectives through the addition of PacIOOS high-

resolution regional atmospheric (WRF; Skamarock et al., 2008) and surface wave (SWAN; Booij 
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et al., 1999) models, and the replacement of the empirical wave run-up model. Estimating wave-

driven run-up is now achieved with a phase-resolving, nonlinear, Boussinesq numerical model, 

called BOSZ (Boussinesq Ocean Surf Zone; Roeber and Cheung, 2012). Our BOSZ 

implementation provides an in situ validated, high spatial resolution, computation of the energy 

transformations that occur in the surf zone. Spatially-variable estimates are produced of all the 

wave-driven phenomena responsible for wave run-up, including swash, infragravity waves and 

setup. To our knowledge, this is the first operational forecast of “blue sky” (meaning, without a 

coincident extreme storm) wave run-up that employs direct computation of surf-zone 

hydrodynamics. While several COMT projects have appropriately focused on waves, surges, and 

inundation in the presence of extreme storms, blue sky wave run-up events will become more 

frequent as sea level rises, with cumulative impacts competing with impacts from severe storms. 

Tier 1 funding will maintain and improve the existing forecasts by making the code 

robust against possible changes or failures in the required input data streams, such as real-time 

sea level observations, and open ocean swell spectra forecasts (e.g., SWAN). Tier 2 funds will 

support an increase in the number of locations covered by wave run-up forecasts, based on 

stakeholder requests, including: 1) the east coast of Babeldaob, Palau; 2) the west coast and 

lagoon of Saipan, CNMI; and, 3) Pago Pago Harbor and south coast environs, American Samoa. 

3. Water Quality and Ecosystems and Living Marine Resources 

PacIOOS stakeholders are concerned about the fate of sediment and other pollutants in nearshore 

waters and environmental changes to ecosystems. We aim to provide predictions on water 

quality and ecosystem responses to help inform decision-making for coral reef managers, 

fisheries scientists, policy makers, and ocean recreationists.    

Ecosystem Forecasts. Tier 1 funding will support coupling the PacIOOS ROMS 2 km 

model with the NOAA-developed Carbon, Ocean Biogeochemistry and Lower Trophics 

(COBALT) ecological model, initially for the Hawai‘i region. The NOAA Ecological 

Forecasting Roadmap lays out several strategic areas, two of which—pathogens and habitat—are 

important to the region. The ROMS/COBALT model will address habitat by predicting 

conditions on coral reefs around the islands of Hawai‘i. As climate changes, ocean acidification 

will, along with marine heat waves, become a prominent predictor of coral reef health. However, 

these impacts are not spatially homogeneous, and acidification rates can vary dramatically over 

short spatial scales. As such, a full ecosystem model is necessary to capture these phenomena 

and to examine the health of habitats around coral reefs. This new effort will directly address 

many of the IOOS core variables: all physics variables as well as acidity, CDOM, dissolved 

nutrients, dissolved oxygen, ocean color, optical properties, partial pressure of CO2, total 

suspended matter, microbial species/abundance/activity, phytoplankton species/abundance, 

sound, and zooplankton species/abundance. 

Water Quality Forecasts. Tier 1 funding will sustain the PacIOOS Ala Wai Turbidity 

Plume Forecast, which simulates the possibility of a plume developing at the Ala Wai Canal, 

Oʻahu. The plume position and turbidity values are determined by the results of the ROMS 

model configured for Waikīkī with input from SWAN and WRF, and with near real-time river 

runoff and turbidity measurements upstream from a USGS gauge. Tier 2 funding will support the 

development of new plume forecasts where observations and modeling resources align with 

identified needs, such as West Maui, Saipan, Guam, and American Samoa. In addition to the 

ROMS/COBALT model, a nearshore microbial model was developed to predict densities of 

Enterococcus spp., Vibrio vulnificus, and Clostridium spp., which occur naturally in tropical 

environments at levels exceeding those mandated by the EPA. By modeling pathogen densities 
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in nearshore fresh waters and their discharge into the coastal ocean, we can estimate distribution 

in real-time. Tier 2 funding will operationalize this model for the south shore of Oʻahu.  

  Decadal State of Hawai‘i Forecasts. Tier 2 funding will support the development of a 

new product that would provide a ten-year forecast at 2 km for the State of Hawai‘i nested within 

NOAA’s Coupled Model Intercomparison Project Phase 6 (CMIP6) forecast to produce a report 

on the predicted frequency and severity of marine heat waves, ocean acidification, rising ocean 

temperatures, impacts on biogeochemistry, etc. The report will help the state and others prepare 

for the types of phenomena that may be experienced over the next ten years, in the same vein 

that forecasts by NOAA and other agencies provide long-term outlooks. 

D.   Data Management and Cyberinfrastructure (DMAC) Subsystem 

We provide consistent, clear, and reliable data access to consumers in dozens of countries, 

hundreds of organizations and international partners, including via the WMO GTS, and we 

subscribe to the IOOS tenet that information is a public resource. Therefore, the overall objective 

for the PacIOOS DMAC subsystem is to enable the public to discover, access, and understand 

ocean and coastal information collected by PacIOOS and our partners. Our 5-year Strategic 

Outlook is to continue to grow as a trusted and crucial information system and provider of 

coastal and ocean data and information, making DMAC a central and critical component. Our 

highest funding priority (Tier 1) is the maintenance of core capacity within this subsystem by 

maintaining current DMAC staff and infrastructure. Support for server upgrades, replacements, 

and product development will enhance existing capacity. 

  The DMAC subsystem is the core foundation and steward of the data lifecycle, from 

initial collection, to ingestion into the cyberinfrastructure, quality control, public dissemination, 

product generation, and long-term storage and archive. All PacIOOS data are openly and 

publicly available via data access services, and direct, binary access is provided through standard 

open-source protocols. PacIOOS operates a fully functional Regional Data Assembly Center 

(RDAC), and in October 2020, we became the first within the IOOS system to have our data 

management plan recertified in accordance with the IOOS Certification Final Rule (2014) 

for another five years. As a RDAC, PacIOOS currently serves data and data products (e.g., 

spatial data layers) from federal, state, and county agencies, NGOs, international entities, 

academia, and citizen science groups. In many cases, we serve national data products via our 

system because users cannot access the federal systems (e.g., Coral Reef Watch products, GFS 

global and Pacific forecasts, and various satellite data products). We will continue to increase 

partner data holdings and make them easily-accessible on PacIOOS data servers and portals for 

users. Since 2012, we have collected user metrics on our forward-facing web pages and data 

products (through Google Analytics) and our back-end machine-to-machine data use (through 

AWStats). During Year 1 of this project, we plan to start publishing monthly user metrics on our 

website. 

DMAC provides the hardware, software, information technology, data managers, 

standard processes, and policy framework to ingest and manage ocean observations and other 

derived information, including a multidisciplinary (physical, chemical, biological, and 

geological) suite of direct and remotely sensed observations and numerical simulation results. In 

order to operate a robust DMAC subsystem, especially in times of emergency, the main 

PacIOOS servers for the RDAC are located in the UH Information Technology Center building, 

which is a disaster-hardened, 8,000-square-foot data center for enterprise servers, storage, and 

communications that provides 24/7 operations with independent power. For information on how 

we preserve data in the event of a hardware failure, please see Appendix J (Data Management/ 
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Sharing Plan). Due to the high volume of data requests from users, our DMAC utilizes virtual 

machines (serving as a local computing cloud) for dynamic space allocation and to increase 

speed and reliability at a more cost-effective rate than commercial cloud services.  

  The subsystem, in accordance with the NOAA Environmental Data Management 

Framework (2013) and the IOOS DMAC Guidance, employs a service-oriented architecture, 

built on controlled ontologies, vocabularies and identifiers, which enables 8 core capabilities: 1) 

open data sharing; 2) data management planning and coordination; 3) data access services; 4) 

metadata and data formats; 5) IOOS catalog registration; 6) provision of data to the NOAA 

NDBC; 7) data storage and archiving; and 8) sustained operations. Data quality assurance/quality 

control (QA/QC), including automated QC flags for real-time data, is performed in accordance 

with Quality Assurance of Real Time Ocean Data (QARTOD) manuals. Appendix J is an 

abridged version of the comprehensive PacIOOS Data Management System (DMS) Plan (2020).  

PacIOOS will continue to actively collaborate with other IOOS RAs to maximize 

efficiencies and share infrastructure, expertise, and technology, and advance stakeholder access 

to cross-regional data services. NANOOS (Northwest RA) and PacIOOS are beginning to share 

DMAC expertise, exploiting the power of both groups to satisfy the needs of each other. 

PacIOOS will share ERDDAP and THREDDS and other standardized data management 

expertise. NANOOS will continue to serve ocean acidification data collected in the Pacific 

Islands and beyond into the Global Ocean Acidification Observing Network (GOA-ON) data 

portal. In addition, NANOOS will share expertise on user product development. Initially, 

PacIOOS will work with NANOOS to improve archiving and data serving procedures and 

NANOOS will work with PacIOOS to optimize a global wave climatology specific to our region. 

GCOOS (Gulf of Mexico RA) operates a highly sophisticated, tailored data portal for the 

operators of autonomous ocean vehicles. As a demonstration project, GCOOS will ingest and 

serve PacIOOS glider data to inform operations and train our operator to utilize their system. 

With Tier 2 funding, and at the behest of a coalition of 15+ researchers across the region, 

PacIOOS plans to develop a Pacific Acoustic Cooperative Telemetry (PACT) regional node to 

ingest and manage acoustic data from tagged animals. PacIOOS will collaborate with expertise at 

SECOORA (Southeast RA) and OTN to standardize and centralize acoustic data in order to 

streamline entry into the ATN DAC for long-term archive and analysis.    

We will also continue to expand PacIOOS product development with our small, but 

highly skilled team of product and user application specialists. Tier 2 funding will allow us to 

hire additional specialists and product developers to enhance public delivery of data through 

mobile devices and areas with limited bandwidth. These individuals will work with partners, 

liaisons, PacIOOS researchers and staff, and focus groups to develop, refine, and display user-

defined public information products, such as our main data portal PacIOOS Voyager.  

Stakeholders are also asking for more training on data access and interpretation. While 

new data products such as climatologies will provide automated data interpretation, PacIOOS 

DMAC will also increase both virtual (Tier 1) and in-person training (Tier 2) to address these 

requests. Tier 2 funding will also support the development of a new Ciguatera Fish Poisoning 

network and data repository for the Pacific Islands and new and enhanced bathymetry data layers 

that synthesize available data that are not yet fully integrated for the region, in particular Guam, 

CNMI, American Samoa, and Palau. Two different emerging DMAC technologies will also be 

integrated using Tier 2 funds. The first involves edge computing7 to develop sensor-to-app 

 
7 Edge computing is a distributed computing archetype that brings computation and data storage closer to 

the location where it is needed to improve response times and save bandwidth. 

http://www.pacioos.hawaii.edu/data/voyager/
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technologies for users. The low-cost water quality sensors are prime candidates for this 

technology. The second effort is data analysis and product development from high-resolution 

satellite imagery collected by synthetic aperture radar (SAR). Initial data products will be for 

wind inversion, and then waves, in Hawaiʻi, where there is sufficient satellite coverage. 

Subsequently, potential areas to explore with the data include marine debris and ocean currents. 

  PacIOOS remains engaged with the IOOS Office, international, and regional partners on 

the advancement of data standards, adoption of new data system technologies and procedures, 

refinement and automation of QC procedures, and development standards for the integration of 

federal and non-federal data. We will continue these nationally- and internationally-engaged data 

standards activities, including through regular attendance at annual IOOS DMAC meetings. 

PacIOOS will continue to adjust as national and regional DMAC capacities evolve. PacIOOS 

will also continue contributing to several international collaborative data management efforts, 

including the Ocean Best Practices System, Argo, and the Asia-Pacific Data Research Center. 

 

E.   Engagement Subsystem 

The strategic objective of the Engagement Subsystem is to evaluate and optimize partner and 

stakeholder engagement. We aim to expand the PacIOOS user base and facilitate informed 

decision-making, thereby advancing NOAA’s mission of science, service, and stewardship. We 

also seek to better understand and predict the weather, oceans, and coasts of our region and share 

such knowledge with others so that they may effectively manage and care for our coastal and 

marine ecosystems and resources. Our communications and program coordinator, regional 

liaison, and local liaisons make up the PacIOOS core engagement team. Figure 4 (Appendix A) 

depicts how we broadly categorize PacIOOS users to strategically inform our engagement in 

order to be cost-effective and impactful with limited resources.  

As the local face of our program, PacIOOS liaisons are an essential link between 

stakeholder requirements and the observations, products, and services we propose, produce, and 

deliver. We are fortunate to partner with Hawai‘i Sea Grant and University of Guam to have 

local personnel to maintain instrumentation and connect with students and stakeholders in RMI, 

FSM, Guam, and American Samoa. Tier 1 funding will support these part-time positions. Tier 2 

funds will enable expansion of our liaisons to CNMI and Palau through new partnerships. 

The team will continue to work with researchers, partners, and technical staff to interpret 

and effectively communicate complex scientific information to users in a clear, accessible 

manner. PacIOOS employs the three-step methodology articulated in Iwamoto et al. (2019) and 

captured in Figure 5 (Appendix A) to ensure that ocean data are translated into products that 

address stakeholder needs for decision-making: 1) tailored engagement to identify user needs; 2) 

designing and refining data products to meet specific requirements and styles of interaction; and 

3) iterative engagement with users to ensure tools provide the intended utility. In addition, 

PacIOOS’ involvement in research projects bridges the gap from research to operation and 

allows community interests to guide research and operational priorities. Tier 2 funding will 

support enhanced efforts to implement the methodology above by supporting a subaward with 

MERIP in Pohnpei, FSM, to conduct capacity building and technology transfer workshops and 

training in the Insular Pacific. Ongoing efforts to increase awareness of PacIOOS products and 

activities will also continue. Such activities include effective branding, distribution of outreach 

materials (e.g., flyers, press releases), and generating a monthly electronic newsletter. Public 

presentations and lectures showcasing PacIOOS-developed products are another consistent part 

of our outreach. Collaboration with local agencies, the NOAA regional team, and the IOOS 
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Outreach Committee leverages resources and maximizes impact of messaging. Testimonials and 

documented success stories illustrate the benefits of regional contributions to the national 

network. Tier 1 funding will sustain ongoing efforts for engagement; Tier 2 will enhance 

storytelling and outreach with short videos.   

Finally, while PacIOOS does not have “outreach” staff, we are invested residents, largely 

based at academic institutions, and the value of “K through Gray” public education runs deep. 

We recognize the importance of present and successive generations making informed choices to 

enhance the use and preservation of our ocean resources. As such, we are dedicated to the 

preparation of our primary and secondary students and education of undergraduate and graduate 

students. Many activities that reach target audiences also reach students and the public, and we 

increase our impact by collaborating with existing ocean and coastal related education efforts 

(e.g., National Marine Sanctuaries, NERR, Sea Grant, and local aquariums) and professional 

programs in the region (e.g., Hawaiʻi Ocean Safety Team, Guam Fishermen's Co-op). We will 

continue to work with partners to leverage and augment existing ocean science modules that 

utilize ocean observations and continue to develop a foundation for research and professional 

experience for undergraduate and graduate students. 

V.   Milestone Schedule (Summary). Over the course of the five years, we propose to sustain 

current PacIOOS activities in all subsystems with Tier 1 funding. Tier 2 funding will enable 

expansion across the regional system. See Appendix D for a detailed milestone schedule. 

VI.   Project Budget (Summary).  See Appendices E, F, G, and H for project budget details. 

Cost Category Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Salaries and Benefits $2,791,953 $2,876,060 $2,973,276 $3,072,943 $2,997,934 $14,712,166 

Travel $162,400 $209,800 $229,100 $199,000 $184,514 $984,814 

Equipment $759,429 $622,500 $487,100 $441,500 $508,600 $2,819,129 

Supplies 
$354,728 $371,016 $350,829 $323,444 $336,130 $1,736,147 

Contractual8 $234,668 $209,133 $205,031 $216,060 $219,419 $1,084,311 

Other $317,854 $302,740 $309,538 $288,741 $313,869 $1,532,742 

Total Direct Costs $4,621,032 $4,591,249 $4,554,874 $4,541,688 $4,560,466 $22,869,309 

Indirect Costs $1,378,968 $1,408,751 $1,445,126 $1,458,312 $1,439,534 $7,130,691 

Total to UH $6,000,000 $6,000,000 $6,000,000 $6,000,000 $6,000,000 $30,000,000 

 

VII.  References and Abbreviations. See Appendix K for bibliographic information on 

references included in this proposal. See Appendix L for a list of Abbreviations.   

 
8 Including subawards, which UH has extensive experience successfully managing.  
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Figure 1. PacIOOS Regional Map

The PacIOOS region encompasses the U.S. Pacific Islands, including the State of Hawai‘i, territories of Guam and 
American Samoa, the Commonwealth of the Northern Mariana Islands, the Republic of Palau, the Republic of the 
Marshall Islands, the Federated States of Micronesia, and U.S. Minor Outlying Islands of Howland, Baker, Johnson, 
Jarvis, Kingman, Midway, Palmyra, and Wake.
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Figure 2.  IOOS Core Variables addressed through PacIOOS’ proposed activities 
 

 
       

Core Variable PacIOOS Project

Bathymetry DMAC
Bottom Character DMAC, Indigenous Knowledge
Currents Wave Buoys, High Frequency Radar, ROMS Models, Marine Radar, 

Indigenous Knowledge
Heat Flux ROMS Models, Ecosystem Models, Combined Ocean Circulation and 

Fisheries Models, DMAC
Salinity Seaglider, ROMS Models, WQ NSS and Moorings, WQSPP, MApCO2 

Mooring, Profiling Animal Tags
Sea Level ROM Models, High Sea Level Forecasts, Wave Run-up Forecasts, 

Indigenous Knowledge
Surface Waves Wave Buoys, Harbor Surge Forecasts, Wave Models, Marine Radar, SAR, 

Indigenous Knowledge
Stream Flow DMAC
Temperature (ocean and air) Wave Buoys, Seaglider, Weather Stations, WRF Models, ROMS Models, 

WQ NSS and Moorings, WQSPP, MApCO2 Mooring, Profiling Animal 
Tags, Indigenous Knowledge

Wind: Speed/Dir. Weather Stations, Atmospheric Forecasts, Marine Radar, SAR, Indigenous 
Knowledge

Acidity MApCO2 Mooring, COBALT Models, DMAC
Colored Dissolved Organic Matter COBALT Models, WQ pilot program
Contaminants DMAC
Dissolved Nutrients COBALT Models, WQ pilot program
Dissolved Oxygen Seaglider, WQ NSS and Moorings, WQSPP, MApCO2 Mooring, Profiling 

Animal Tags, COBALT Models
Ocean Color Seaglider, WQ NSS and Moorings, WQSPP, MApCO2 Mooring, COBALT 

Models, DMAC
Optical Properties COBALT Models, WQ pilot program
partial pressure CO2 MApCO2 Mooring, COBALT Models
Total Suspended Matter WQ NSS,  Moorings, WQSPP, MApCO2 Mooring, COBALT Models

Coral Species and Abundance DMAC
Fish Species and Abundance Animal Tracking, DMAC, Combined ROMS & Fisheries Models
Marine Mammal Spp. & 
Abundance

DMAC

Microbial Spp., Abundance, 
Activity

COBALT Models, WQ/ROMS Models

Phytoplankton Spp. and Abundance Seaglider, NSS and Moorings, WQSPP, MApCO2 Mooring, COBALT 
Models

Zooplankton Spp. and Abundance COBALT Models

Biology and Ecosystems

Physics

Biogeochemistry
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Figure 3f. PaclOOS Modeling in the Freely Associated States Existing Models Proposed Models
.A_ High Sea Level Forecast 
.A_ Wave Run-up Forecast A. Wave Run-up Forecast (Numerical)

Atmospheric Model Modification
r:_J Wave Forecast 
r:_J ROMS Ocean Circulation Forecast 

Graphic not to scale. Proposed models are estimates. 

Not included: Proposed portable Tropical Cyclone Model. 
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Figure 4. Categories of PacIOOS Stakeholders (Iwamoto et al., 2016)

In any region, but especially one as large as the Pacific Islands, it is essential to 
approach stakeholder engagement strategically for efficiency and cost-effectiveness. 
PacIOOS stakeholders can broadly be categorized by their Level of Ocean Data 
Knowledge and their Rate of Data Consumption. In general, Industry stakeholders 
(e.g., harbor pilots, shipping companies) and Natural Resources Managers (“group 
b”) and the Informed Public and Ocean Users (“group c”) have consistent data needs 
and the capacity to utilize the data. While they have different operations and drivers 
behind their decision-making, they have similar types of data needs. Engaging with 
these groups and trying to address their needs, therefore, has the greatest potential to 
result in outcomes that are mutually and directly beneficial. This is not to say PacIOOS 
does not interact with the other types of stakeholders (i.e., Data Super Users and the 
General Public) or that they do not also benefit from the data PacIOOS collects and 
disseminates, but limited program resources focus on the first two groups described.
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Figure 5. Stakeholder-driven Process to Develop Tailored Data Products

The three-step methodology employed by PacIOOS for developing stakeholder-
driven products (Iwamoto et al., 2019).
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Appendix B. PacIOOS Partners 

Partners of PacIOOS listed below have been instrumental in the development, operations, and 

enhancement of ocean observing capacity in the Pacific Islands region and have provided and/or 

continue to provide resources and funds for component systems, contributions to data and 

products, maintenance and management of observing instrumentation, participation in strategic 

planning, and/or service on the PacIOOS Governing Council (whose current members are shown 

in bold). Many are signatory partners to the organizational Memorandum of Agreement that 

established the oversight and stakeholder management of PacIOOS 

(see: www.pacioos.org/partners/). 

 

Federal:  NOAA (Pacific Islands Fisheries Science Center, National Centers for Environmental 

Information, National Data Buoy Center, National Weather Service, Pacific Marine 

Environmental Lab, CO-OPS, Office of National Marine Sanctuaries, Pacific Islands Benthic 

Habitat Mapping Center, Coastal Storms Program, Office for Coastal Management, Marine 

Debris Program), U.S. Army Corps of Engineers, U.S. Coast Guard, U.S. Navy 

(Oceanographic Office, Joint Typhoon Warning Center, Naval Maritime Forecast Center, Office 

of Naval Research, Pacific Fleet, US Pacific Command Meteorology and Oceanography 

Department), U.S. Geological Survey, Environmental Protection Agency 9th District, Federal 

Emergency Management Agency, Pacific Islands Climate Adaptation Science Center, Western 

Pacific Regional Fishery Management Council, National Park Service, National Science 

Foundation, US Department of Agriculture, U.S. Fish and Wildlife Service, National Estuarine 

Research Reserve, Pacific Islands Climate Change Cooperative, U.S. Embassy in RMI, U.S. 

Embassy in FSM, U.S. Embassy in Palau 
 

State of Hawaiʻi:  Department of Land and Natural Resources, Department of Health, Ocean 

Resources Management Plan (Office of Planning), Department of Transportation – Harbors, 

Hawaiʻi Community Development Authority, Hawai‘i State Civil Defense, Pacific Disaster 

Center, Marine and Coastal Zone Advocacy Council, State of Hawaiʻi Office of Planning—

Coastal Zone Management Program, Department of Agriculture – Aquaculture Program, 

Hawai‘i Tourism Authority, Natural Energy Lab Hawaiʻi Authority, Office of Hawaiian Affairs, 

University of Hawai‘i (SOEST, Hawai‘i Institute of Marine Biology, Joint Institute for Marine 

and Atmospheric Research, Infrasound Laboratory, UH Sea Level Center, International Pacific 

Research Center, EPSCoR, Hawaiʻi Mapping Research Group, UH Sea Grant College Program, 

Pacific Aquaculture and Coastal Resources Center, Waikīkī Aquarium, Marine Option Program, 

UH Maui College, UH Hilo Department of Marine Sciences, Center for Ocean Sciences 

Education Excellence) 

 

Territorial:  American Samoa Environmental Protection Agency, American Samoa Community 

College, American Samoa Department of Marine and Wildlife Resources, American Samoa 

Department of Commerce, American Samoa Coral Reef Advisory Group, American Samoa Ports 

Authority, University of Guam, University of Guam Sea Grant, Guam Bureau of Planning and 

Statistics, Guam Environmental Protection Agency, Guam Department of Agriculture, Office of 

the Governor of Guam, Office of the Governor of the Commonwealth of the Northern Mariana 

Islands, CNMI Coastal Resources Management Office, CNMI Division of Fish and Wildlife, 

CNMI Bureau of Environmental and Coastal Quality 

 

http://www.pacioos.org/about/partners.php
http://www.pacioos.org/about/partners.php
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Local:  County of Hawai‘i (Planning Department, Board of Water Supply, Ocean Safety, 

Research and Development, Fire Department), County of Maui (Office of the Mayor, Planning 

Department Board of Water Supply, Department of Environmental Management, Ocean Safety, 

Emergency Management Agency), City and County of Honolulu (Board of Water Supply, 

Department of Environmental Services, Ocean Safety Division, Department of Planning and 

Permitting, Department of Parks and Recreation, Department of Emergency Management, 

Department of Environmental Services), County of Kauaʻi (Planning Department, Fire 

Department, Ocean Safety Division, Office of the Mayor, Board of Water Supply) 

 

Non-Governmental Organization (NGO):  Alliance for Coastal Technologies, Conservation 

Society of Pohnpei, Hawaiʻi Harbors User Group, Marine and Environmental Research Institute 

of Pohnpei, Mariana Islands Nature Alliance (MINA), Pacific Marine Resources Institute 

(PMRI), Yap Community Development Program, Conservation International, The Nature 

Conservancy (Hawaiʻi, Mariana Islands), Malama Maunalua, Malama Pupukea-Waimea, 

Kakoʻo ʻOiwi, Paepae o Heʻeia, Coral Reef Alliance, Chuuk Conservation Society, Kosrae 

Conservation and Safety Organization, The Kohala Center, Coral Reef Research Foundation, 

Kuaʻāina Ulu ‘Auamo (KUA), Micronesia Conservation Trust, Micronesia Challenge, Ebiil 

Society, S.E.A.-Link, Hui Aloha Kiholo, Hui O Ka Wai Ola, Kohala Watershed Partnership, 

South Kohala Coastal Partnership, Community Managed Makai Areas, Maui Nui Marine 

Resource Council, West Maui Ridge to Reef, Waterkeepers Hawai‘i, Surfrider Foundation, 

Sustainable Coastlines, Hanalei Watershed Hui, Marine and Environmental Research Institute of 

Pohnpei 

 

Private:  Atlantis Adventures, Guam Fisherman’s Co-op, CNMI Fishermen Association, Hilton 

Hawaiian Village, Honolulu Yacht Club, Liquid Robotics Inc., Sea Engineering, Sheraton 

Waikīkī Hotel, Ultimate Whale Watch, Soleil Management, Yacht Club, Outrigger Hotels and 

Resorts, Pohnpei Surf Club, Micronesia Management and Marketing Enterprises, Archinoetics, 

Kampachi Farms, Kona Blue, Maui Ocean Center, Mieco Beach Yacht Club, RMI Billfish Club, 

RMI Mariculture Farm, CODAR Ocean Sensors, SAIC, Forever Oceans, Science Applications 

International Corporation, Blue Ocean Aquaculture, Marpac, Whaler’s Village, Trilogy 

Excursion, Hawai‘i Pacific University Oceanic Institute, Bishop Museum, Surf News Network, 

Surfline/Wavetrak, Inc., Hawai‘i Pilots Association, Young Brothers, Chevron, Horizon Lines, 

Sause Brothers Inc., Cabras Marine Corporation, Wildlife Computers, Inc. 

 

International:  Instituto de Investigaciones Oceanológicas (Universidad Autónoma de Baja 

California) 
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Appendix D. Detailed Milestone Schedule 
The schedule below illustrates milestones, color-coded by budget scenario, or Tier, for important 
intermediate and final products, including deliverables and key project outcomes across the five 
years. Tier 1 represents a $3M/year budget scenario; Tier 2 a $6M/year budget. “Category” 
refers to the type of effort the milestone is for PacIOOS: Sustain existing efforts; Improve 
existing efforts; Expand exisiting efforts by geography, partner, or species; or New activities for 
PacIOOS. 
      Tier 1 

      Tier 2 
    

Milestone Category  Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 
GOVERNANCE AND MANAGEMENT SUBSYSTEM             
Update 5-year strategic framework Improve           
Operational Plan and 10-year Outlook Improve           
Maintain NOAA certification, re-certify in year 5 Sustain           
Continue to hold annual Governing Council meetings in HNL Sustain           
Continue to hold annual Excom meetings outside HNL Sustain           
Partnerships to promote & enhance ocean observing in the region Expand           
Hire new Regional Projects Specialist (0.5 FTE) New           
Collaborative regional assessment on workforce development  New           
Internship program on workforce devel. & Indigenous knowledge New           
Making PacIOOS data relevant to Indigenous communities  New           
OBSERVING SUBSYSTEM             
HFR stations; data online & assimilated into ROMS Sustain           
Recapitalize and replace aging HFR systems in HI Sustain           
Deploy new HFR sites (TBD) based on stakeholder needs Expand           
Existing wave buoys across region; data & products online Sustain           
Determine new wave buoy locations with partners/obtain permits Expand           
Deploy new wave buoys across the region Expand           
Test emerging wave buoys to determine potential for regional use New           
Honolulu Pier 1 Weather Station  Sustain           
Partnerships for more weather stations (HI and Palau) Expand           
Deploy marine radar for r/t wind & waves data at harbors (HI) New           
Ocean glider runs for data assimilation into HI ROMS (re) New           
Purchase additional ocean gliders to enhance operations/capacity Expand           
Additional glider runs for data assimilation into models Expand           
Investigate cross-channel currents at Kalaeloa Barber's Point Hbr.  New           
Waikīkī Beach Camera Sustain           
Low-cost water level stations w/in wave run-up forecast domains New           
Long-term WQ sensors (NSS); data & products online  Sustain           
Add real-time telemetry for NSS where feasible/value-add Improve           
WQSPP sites and services; data and products online Sustain           
Recapitalize aging WQ NSS Sustain           
WQSPP and/or long-term sites, based on user needs Expand           
Data interpretation products for non-scientific WQSPP partners New           
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Enhance access to observing expertise for project design for users Expand           
Refurbish and deploy nitrate sensor for pilot project New           
Pilot project with Turner C3 fluorometer and optical sensors New           
Low-cost sensors in Insular Pacific to support local projects  New           
Refurbish and deploy profiling mooring for pilot project New           
WQ coastal moorings; data/products online Sustain           
Undergraduate mentoring/capacity building w/ moorings Sustain           
Deploy new WQ mooring in Kailua Kona Bay  Expand           
MAPCO2 buoy and partnership in American Samoa Sustain           
pH-AT sensors to support state & territorial OA monitoring goals New           
Generate near real-time ocean profiles with animal tags Expand           
Establish efficient data dissemination for animal tag profiles New           
Maintain land-based "mote" stations for animal tag data collection Sustain           
Tagging program w/ HI Community Tagging Program Expand/New      
Deploy additional animal tags with partners Expand/New           
Incorporate O2 sensors into profiling tags Expand      
Incorporate additional O2 sensors into profiling tags Expand            
Network building for Insular Pacific acoustic telemetry New      
Network and capacity building for Insular Pacific acoustic telemetry New           
MODELING AND ANALYSIS SUBSYSTEM             
Atmospheric model domains (HI, Mariana Islands, Samoa) Sustain           
Upgrade atmospheric models Improve           
Develop new model grids for Palau, FSM, and RMI Expand           
Develop a portable tropical cyclone model  New           
Existing wave forecasts (HI, Mariana Islands, Samoa) Sustain           
Develop, implement, validate unstructured SWAN grids for HI Improve            
Develop new wave forecast system for Palau Expand           
Develop, validate unstructured SWAN grids for CNMI & Guam  Improve           
Unstructured grids in SWAN wave forecast for American Samoa  Improve           
Develop new wave forecast system for FSM  Expand           
Validate and operate the new wave forecast systems  Expand           
Haleʻiwa Harbor Surge Forecast (Empirical) Sustain           
Develop Kahului Harbor Surge Forecast (BOSZ) Improve           
Develop Hilo Harbor Surge Forecast (BOSZ) Expand           
Existing & new ocean model (ROMS) domains Sustain           
Develop new High(er) Resolution ROMS Forecasts for HI Improve           
Develop new ROMS model for Palau Expand           
Ala Wai plume forecast  Sustain           
Develop new plume forecasts (location TBD) Expand           
Operational Biogeochemistry (COBALT) forecasts for HI New           
Decadal forecasts for Hawaiʻi New           
Runoff and biogeochemistry models Improve           
High sea level forecasts (HI, Guam, Am Samoa, Palau) Sustain           
Empirical wave run-up forecasts (HI, RMI) Sustain           
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BOSZ wave run-up forecasts for West Maui Sustain           
Develop new BOSZ wave-run up forecast for CNMI Expand           
Develop new BOSZ wave-run up forecast for Palau Expand           
Develop new BOSZ wave run-up forecast for Am Samoa Expand           
DATA MANAGEMENT AND CYBERINFRASTRUCTURE (DMAC) SUBSYSTEM 
PacIOOS DMAC infrastructure and data services Sustain           
Operate as a Regional DAC for the Pacific Islands Sustain           
Ingest large biological data sets & make widely accessible  Sustain           
Establish a Pacific Acoustic Cooperative Telemetry (PACT) Node New           
Establish regional ciguatera fish poisoning network and repository New           
Develop stakeholder-driven data products Sustain           
Expand web & product development services for partners/users Expand           
Edge computing -- sensor-to-app technologies for stakeholders New           
Develop enhanced bathymetry data sets for region New           
Product development with acoustic data  New           
SAR (satellite) data processing- coastal wind studies/products New           
Capacity building training on data access and use (virtual) Expand      
Capacity building training on data access and use (in person) Expand           
ENGAGEMENT SUBSYSTEM             
Communications & outreach across region, expand where feasible Sustain           
PacIOOS storytelling through videos New           
Engage stakeholders with existing liaisons Sustain           
Establish new liaisons in CNMI and Palau Expand           
Visit the region for engagement Sustain           
Expand engagement efforts to include virtual meetings/webinars New           
Regional tech transfer & capacity building—subaward with MERIP Expand           
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Appendix L. Abbreviations 
 
AOML Atlantic Oceanographic and Meteorological Laboratory 
AT Total Alkalinity 
ATN Animal Telemetry Network 
AWIPS Advanced Weather Interactive Processing System 
BOSZ Boussinesq Ocean Surf Zone 
CDOM Colored Dissolved Organic Matter 
CMIP6         Coupled Model Intercomparison Project Phase 6  
CNMI Commonwealth of the Northern Mariana Islands 
CO-OPS Center for Operational Oceanographic Products and Services 
COBALT Carbon, Ocean Biogeochemistry and Lower Trophics 
COMT Coastal Ocean Modeling Testbed 
DAC Data Assembly System 
DMAC Data Management and Cyberinfrastructure 
DMS Data Management System 
DOE Department of Energy 
ERDDAP Environmental Research Division’s Data Access Program 
FGDC Federal Geographic Data Committee 
FSM Federated States of Micronesia 
GCOOS Gulf of Mexico Coastal Ocean Observing System 
GFS Global Forecast System 
GOA-ON Global Ocean Acidification Observing Network 
GPS Global Positioning System 
GTS Global Telecommunication System 
HAR Hawaiʻi Revised Statutes 
HFR High Frequency Radar 
HIMB Hawaiʻi Institute of Marine Biology 
HiOOS Hawaiʻi Ocean Observing System 
HPA Hawaiʻi Pilots Association 
IOOS Integrated Ocean Observing System 
JIMAR Joint Institute of Marine and Atmospheric Research 
MOA Memorandum of Agreement 
NANOOS Northwest Association of Networked Ocean Observing Systems 
NCEI National Centers for Environmental Information 
NDBC National Data Buoy Center 
NGO Non-governmental Organization 
NOAA National Oceanic and Atmospheric Administration 
NSS Near Shore Sensor 
NWS National Weather Service 
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ONR Office of Naval Research 
OPeNDAP Open-source Project for a Network Data Access Protocol 
OTT Ocean Technology Transition 
PacIOOS      Pacific Islands Ocean Observing System  
PIFSC Pacific Islands Fisheries Science Center 
PI-GOOS Pacific Islands Global Ocean Observing System 
PNNL Pacific Northwest National Laboratory 
QARTOD Quality Assurance of Real-Time Oceanographic Data 
QC  Quality Control 
RA Regional Association 
RAID Redundant Array of Independent Disks 
RCOOS Regional Coastal Ocean Observing System 
RDAC Regional Data Assembly Center 
RMI Republic of the Marshall Islands 
ROMS Regional Ocean Modeling System 
SAR Synthetic Aperture Radar 
SECOORA Southeast Coastal Ocean Observing Regional Association 
SOEST School of Ocean and Earth Science and Technology 
SPC The Pacific Community 
SWAN Simulating WAves Nearshore 
TDS THREDDS Data Server 
THREDDS Thematic Realtime Environmental Distributed Data Services 
TRL Technology Readiness Level 
U.S. EPA United Stated Environmental Protection Agency 
UH  University of Hawaiʻi 
UHM University of Hawaiʻi at Mānoa 
WAF Web Accessible Folder 
WMO World Meteorological Organization 
WQ  Water Quality  
WQSPP Water Quality Sensor Partnership Program 
WRF Weather Research and Forecasting 
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